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Jara ) sy ¢ LS Alblae Jlaaiuly 2iglly &gl s (8 440 e Slie
1952 + 537.7+10.1 75.3 244.1) . (YK 5°°U FPTh)dl S5
271 s Ao Balkg (85.1

Glas g 5 Cun Ly 8 dulp 2001 ole (Ajayi) calll gial LS
bl ity Ll zila b dsiedd) dejall dudy aphll eledy) Ll
[28] Lalle L msansall 250l (ara

Glaall eledy) blall Gubiy 2001 ale (55als (Chikasawa) sl Ll
b S Ay e Cen Al e gila b 137cs, 214 Bj 5 2987 5 YK
( 1300-16.6 Bg/kg) — dxidl iyl 3S5 mdn s oL

X/
0’0

>

L)

X/
0’0
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e (150— 1.4 Bag/kg)s(100- B.D.L Bg/kg ) s( 82.8 —1.3 Bg/kg) s
[29] s

Sle asilonll CaslS 2001 ale gs,als (Al-Kheliewi, A.S) bl Jexind
UK asslisdlly 2°Ra asablls “°Th asnysill 585 lual HPGe 35l
o A5 g isel 220 (b Gl Ly TCS asgied) 385 s g Db
 [30] dpagmad) b shaliall Cilid

Zadl) e o) 8 dads Aol e ledY) AN Ay &5 2001 Ll s
aalYL Caadll cumpes s (Abdullah K.O.) J8 oe Gl (58 Jlad
& ¢ dalaiall slag Al e ledy) Lliall Clsiee dulp il L 45l
by Andie Glyg o il & s sl e agilopall (ailS Al
clas 3 (Bi-214 K - 40 ¢« Ac -228 «<I- 131 « Pb-214 « Ra-226)
Glasl) LY Lale 4 Jeil G4 dibid) 8 ddle delad) Glgies
131] 5ys8aal)

Glaall el blall uliy 2002 ale 4 ossals (Kannan) calll Ll
cdigll b WSUIS Aipne e lgmen & Ausill (g cilie & K5 ThP25 U
515 Ba/kg) ons (71 55 Balkg)om b dadiall claysill 3805 ol 1sans
[32] Jsl e (854 5200 Ba/kg) cus (776

sy ol 3 ekl 8 3y 2002 ale (5)als (Alvarado) caaldl gl
b K assalislly ZORA asslly 2PU asshslly VCs aspiaall Aladll 385
¢ HPGe 35l e asilopal) CailS Jlarinl dilise 3l ey doatan 4o
331 L zsamsall 3gaal) Gpanm ilil) il

CallS Jaxin) 3 (sl A 4y 2002 ble 5405 (Jabbar T.) &bl (sl
2Th asusill e IS Alladll 385 lual HPGe 35l e asilajal
Gelre luny i z3lai 3 1VTCs aspiandly UK asaulislls *°Ra oyl
35aall G il Sy daaied) dejall dudy Jalally ajlal) 35l
[34] Lalle L Jsiall

/7
0.0

R/
0’0

>

D)




dals datia S Juadl

Adhaiall & &l Al PA e 2002 ale ((2Dad) sl Auhy e o
&8 3L i A Aadial) sl ey S5 G sal Ghall e dpsial)
05 3 U-238 ahaill (e dlle 58055 agag o lawaly hise Th-234 353
el 228 (34982.4 Ba/Kg )asins asshsdl 585 alis ¢ gty eled) 3l
sl 13gd Ampdal) dgaall & Lay ) aaS (129.34 Bo/kg)al Led
. [35]( 704 Ba/Kg)= s~

=iy Ll aéy (Hannan and Hanson) obaldl @ 2003 ale A
ANy e leras & Al Fila b 13705 4 49K 4 226Ra s 235U 5 238y I
O Andadl Glygll 3815 gl B ¢ A ey saatiall GVl 8 el
Ons (8.75+1.14 5 2.14+0.43) (ms (42.5£5 5 3.11+0.47)
13.241.85) os ( 75+11.3 5 178422) cms ( 248+ 25 5 35 +4)
[36] Al JAe Ba/kg (3.11+0.44 5

eeei¥) Llall s duhn 2004 ale (5,a]s (Akhtar, N) caald) o
b Y A (e lemen 23 5 e cilie 8 2PThs 2°Ra 5 K iyl
oms (601,62 5 524.84) o daiiall Claysil) 3815 Ciaglp My ol
[37] Jsl e Ba/kg (52.61 545.46) on 5 (24.73528.17)
eyl ghilly Cauaiall agalysll 3815 (Sl Galdl (s 2004 Kl
ool 5l e asnileall CadlS Jlexinly aalil) dlailas (o ddfie aji b
3Ly cllia () Jaaols Addlaall (e ddlide aBlon (o lgman & Al Glised) Jidaiy
2S5 dae ) g 4] (10 Balkg) @islas 137 - asaped) S5 G
[38] bddle Loy Jsitall due laiY) Adlal) dgan (pain 226-a 5031

sl eladY) Ll sy 2005 ole 4 os,als (JONiOr) calll 6 LS
O g s (Joball «Samlinn AN (e lgren & A zila UK
[39] Ba/kg( 3572 5541) o sbsis il daial) syl 5,805

= d¥) Ll Gulay g5 als (Yordanova) calll ol 2005 e dy
oo leren i th i 232-|-hj 226Ra} 235Uj 238Uj 13,7(_:5&\3._&.‘M

X/
0’0

R/
%

R/
%

X/
0’0

R/
0’0

8
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Slyall 3855 o Tsaag Ay dlaly (B gl e Jsh e ddline a8l
(50 £10 523 + 5Ba/Kg )oms (2 £0.5 5 76 £2 Ba/kg ) sl dniiall
w5 (91 2 5 4045 Ba/kg) o 5 (2405 5 1+ 0.3 Ba/kg) ¢
[40] sl e (50 85 12+2 Bg/kg)

PBY) sl eledV) Ll Gl gl Galll A6 2006 Ao i
EAN sl 0o lemen 5 canlsy 5 olaes i piles G (Cs5 MK P T
obay Al Ao gl Alladll il el My c@halle sl Aae E Al
Aae dY) Al aay Alie) Glgiue Gl Cumped Al adlsall s
. [41] ddlaylly &S0 450

CailS (Abusini, M) Galdl Jexind 3 a1 & dul cunl 2007 Hle i
aspsills “PU apibsdl e IS 385 sl HPGe sl e apileyal
Zatiall Sl 3S5 0) an s Al e zila 8 K asaalisdly 22Th
94+18.9) (ms (35+3.2 514.320.8) (s (38.7£3 5 19+1.4) ) 5
[8] s e Ba/kg (762+47.4

led 5 2007 ale (5als (Snezana D.) Jd oo Lupa 3 Ay Cypl
i gile b UK aslisdls PPTh sl U asshsdl 385 Gl
aay 35 ool 5yshall Jeleay dygindl Aladl) dejally daiod) dejall Ciluay
e Jssiall doeladl) 48l agas Gea ilS Aadiall Dlagll 5815 Jaes ()
[42] Lalle

Glaall pelei¥l Llall gl 2007 ble osals (Adrovic) Ealdl Ll
Uar e Cizas :i_vﬂ\ e C'.\Lx:n: u-°' 235U} 238U} 40K} 232Thj 226Ra
O gl Aadadl Syl S5 G basg Bg(bopa) sAewsS (A Bl
Cms (955 26)0m 5 (648 5 83) w5 (66 5 11) oms (55 5 19)
[43] sl Je Ba/kg (4.6 51.2)

Os)als (Al-Sulaiti, H. A) Gald) 268 Cus 2008 sl i 3 dulyy Cupl
gl b K asslinlly 22Th ase)slls 22U 20U asshall 585 Gl

>

L)

>

D)

R/
0’0
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Jalaas duaiaal) dejalls agnlll (818 Cluay ¢ ol & 3laliall Calida (e 4350
e 5805 2y bl cuedal 3¢ Aygiadl Aladl dejally ajlall 3yghall
fmdall Clygll 5805 Jwe o @l iy g ghlid)l Gand 20U syl
[44] Lalle 4 Jotall sl a2 (553

K sl etV Lliall (il 2008 Hle o531 (Alias, M) &aldl 6
O Vs (Llle 8 Adlide adlge (e Cinen Ayl (g0 cilie 3 2°Ras *Rass
on s (383.8441.4 5 11.3+1.3)0n cagls deddl iyl 5805
sl e Bg/kg (44.943.7 5 11.4+1.2) o 5 (42415 510.50.7)
[45]

Glaall e ledY) blal Guli 54l (Mehra, R) &ald) 26 2009 ole
Gup Jihie (e dilide adlge (e Cmas 5z ikl K5 **Ths **Ra
O zobB Gl dadall lagall S ol as caigdl (8 lsad) L Lasla
(357.13 5 227.11) oms (142345 61.01) oms (40.23 5 21.42)
[46] sl Jte Ba/kg

Glagll eled¥) Ll Gy 2010 ale s als (Sleziak) Calll A6 LS
¢ ailys A e il Zilaial) (e Cires dup 23k ¥7Cs5 O s 22T s *Ra
5 (15542 - 3541) adl culS dadell Gyl SIS o) lsasg
e Bg/kg (146+4-1.840.2 ), ( 580+11- 428+10) (83+1-53+1)
[47] S

Gl gl e ladl) lalll ulds (Al-Wasity A. S) &alll 26 2010 oo 4

Aahiae 3hlia e i Al e ikl 13705 5 0K 5 212pp s 228Ac 5 214Bj
el @uls dadal @lyall S5 o) g c@halle hauly dbdlaa 3
s (266.5 -164.9) (10.7-B.D.L) 5 (14.5- 6.9) 5 (19.2 -8.8)

[48] A e Ba/kg (4.6 -B.D.L)
(o Adiie Bhalie 4 daeledY) 2l ( anddl) Caldl oy 2010 ale
Latia (3hlie e ladged 75 ladae aly il (e milad pan 3 @Ghall Gilldlas

R/
%

/
0.0
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Al sl e ISl 5 e dlall Jilas ey Adhall callailaall (e ddlida
FAPh PP Ra ) e 232 assills 238 asihsl) ilube sl (he
eelndy) Llall e el o) aay Cus Adliie 38, (P Th 22 Bi
G2 TPh 53505 (12.797 Ba/kg) alis hsas ddsilas b 21 Bi syl el
dailae 3 “PRa,PTTh ings(4.897 Ba/kg) il dus Ll o3 dlsilas
sug W gl e (37.844 | 38.604) Bo/Kg <ualy 315 syadl
) ALYy analil Adailae b L) ded el cualy 3 (%K) 52yl asauilil
idailae b culS Al dad o) o) ang a8 eliall (PP Cs ) sl alas
oo Agplalll dilaie 8 cul€ g J) W) (4.706 Ba/kg) cady 88y cpall ~Sla
. [49] (1.457 Bg/kg) cusly a5 slazy ddailas
Glugll el Llall s (Pallavicini )&alll o6 2011 Hle A
dLLm e Cinea :\-’.)3 CJL“S 137CS} 40K} 226Ra; 238U} 232Th) 210Pb
899- BQ/KQ))saall il dxiiall sl 3815 () Jsang cusudl 8 Adbidg
( 658- 27 Ba/kg) s (985- B.D.L Bq/kg) s (66-25 Ba/kg) s (B.D.L
[50] sl e (1300- 4 Bg/kg) 5 (Bg/kg 1060- 76) s
U il eledy) Lladll g 2012 ale (Saleh, 1 H) Gl Al
day colee Aibalu 8 adie Syin 4sd (he Camen 4o z3la 3 P7Cs 52 Th
5(20.1 50.7) (s (25.70 5 1.5) on zsh® dadall Clygll 5805 o
[51] Jis e Bg/kg (15350 552.5)
e A ziladl Leledy) L)) (Mahdi M. E) Lalll cuips 2012 Hle
e 8350140 pen o5 Cu Aila)lly & S Lgilag dais Aae & dpaul sl
VR Z2Th | 2B U ) deiall sl (e J< e sill Aladll apaail sl ola
CilS go DSA- 2000 g5 LlS desl Aglde A Jlawinly i3y (Y7CS
Aplie W) oo Ao sl Aladl) 258 e Jpeanll anys ¢ s5@0 e ol
[52] Apdall 20ad) Gaas e s Lalle Hsdie sa Ll 4kl daill

X/
0’0
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Syl eled¥) Ll Gld 2014 ale g5 aTs (Attia, T.E) &ald) L
O Isias e (8 s o Ade (3o Ciren Ay g3kl K5 2Th s *Ra
5 (75.7- 5.28) 5 (398.66 - 18.03) adl culS daiadll Clysill 15
[53] Jsl e Bag/kg (583.12 - 3237.88)

seledy) Blall gsive (el (Al-Ubaidi A. M) 2014 ale duly cuysal
Ganlg 5 Baanls iy olaes Ao zilatl P7Cs5 K PPTh 5 PPU iyl
ilSy LS 4t Alhe G Jlesinl (3halle als b Zad)l dihid
Alaaall allall Janal) o ae il 2360 20 (HPGe) 35 e asiilajal
) e e o Lally calally 2l 23l Gans b 40 — aguilisdl 5S35 o) sl
solE s Ba/kg (850 5 140) om g il Lalle 4y Jial
.[54] UNSCEAR (2000)

570U Gyl elad¥) Llall Gl (edl) calll W6 2015 Lo
Fanadlal) 3 Al Al g ylls sbially Zuil) (e 3kl P7Cs 5 PR P2 Th
(24.6220.01) <ulS Al zalal de gl idldll Jae o) 2ap 35 (3l
S5l e Bg/kg (25.60 £0.01) 5(370.99 £0.41 ) 5(17.90 +0.01) s
. [55]

5 U clygll de gl Allaill Gl 2015 ale (Karim, M. S) bl A6
DB o) dladlaag dary Allas (e Camea 4 zilal Css YK PPTh
dlay dladlaa 8 Al ikl dge gl Adladl) Eame o) 2ag L) Adadlaag
Ba/kg ( 4.02 +1.5) 5 (104.26 +37.3) 5 (11.54 +3.2) 5 (14.09 +3.3)
(22.7 #41)s (292 251) LB b dbilae iy ol e
ad o bt casl A gl e Ba/kg (3.15 £1.05) 5 (304.6 £69.1 ) 5
Cul€s L) Alilae b L Lalle 4x Jodall aal) (e J8) S i sil) Aladl)
Ba/kg ( 17.43 #1.3)5 (615.36 +49.7) 5 (38.72+4.2) 5 (51.88+6.4)
[56] Lalle 43 Jsial) aal) g o) e sill Alladll o o) 208 sl e

X/
0’0
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528U gl ety Llaall ulds ((Shsdl) Bald) cul 2016 Ko b
Olaase Adailaa 8 5)lend) Aupal oy s ol dusil 23kl ¥ Cs s *K 5 22 Th
sl e asslopall (a3l e LIS dadl Lallae 48 Jlesinly o(3)all
Gy My LS 4asY Lelad¥) 5yshall Ghise lea e Slad (HPGe)
Jsiall 2all e J8) Lgmpen ClS 4l 2 3aall doe sil) Aladll Jona (o il
[57] Ldle 4

cedy) bl 58l auhy 2017 Hle (Al-Bayati , AT) Caldl L6 &
& WS o (HPGe) sslall e assloyall CaslS Jleainly Lgll & 4yl
Al iy My ¢ A yaall z3lall LS Gl Le i) s)shall i laa
s (238U ’ 232Th, 40K ’ 137C8)d sl etV Ll 585 Jae
[58] (UNSCEAR) J# (e 4: pasall 5 Jsiiall 32l ara

AEY yalial) 3uS) el AgLu) cluyall (2-3-1)
(Previous studies to estimate concentrations of heavy metals)
d,\g (e @M j\ MAJ\.:: cul c\}u &)‘}Cm J\.}(: ‘;&: C"_LD;\ U_}Lu:bd pac Sl

S b sagasel) dll Bl ALEN ealiall S5 A Gob ce ofsld
 lgia g5l

ol Jea Willayyy & 2)p0 (2003) ossals (Charlesworth , S) gal
Aae b Al Gkl Jss Zn « Ph « Cu « Cd a5 @) jualinll
L)) Baagly (58S Abner Wlie Adlall AslSu BESH Gy LleSiay
2aal) 5l 8 Apddl Al s ) dld gy V) Al L Wayslp
[59] () il 3 sl e
dac lial) o KU dnae sl Ay (2004)(Al-Khashman, O.A) A6 LS <
Al Cpilly g)lslll Hle 8 AL jualiall 3815 A el cllyg (0)Y) (8

13
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@olall ehall & WyS i alaj) a8 ALE) paliall (e degana @llia o it 284
onSlh peliall Ll ) bl cujey Jawll oiall BHlae @l e
[60] Adlaial) oagdss (Al

Do Aadll) Adall sl Reg duby (2008) ol gldudl gl
@l e A lhbifiae dad o dplaall Jladlly &)ldlly sl Jleel
o3 gyt gl el lglsine (aty il Jube dhaly deaa
Slasil (ggie BaL) (A aald L3l anall 3paall Gl Law @G
1617 AL oladd e Leiinly Gl Ll

G A Kpe A Cusal A vie (2011) gasals Divrikli sl <
Aibide shlie e daajl) Hle A LA pledl goine pafll LS5 &
- [62] Ay pal) FHELY s iy ALEN pealial) 55 o) Y

& wssals (Fatlawi, SSM.G) Galdl J& o (1 2012) Zuys ehal & o
Laadal dunall & )led e (el & AL paliall 3815 48 jnal Ada) dnaa
S0 Smy g gl dygpal) SN £ Lty LAYy gy el AL e
@il lalial) ) elly ge 85 Cr 5Cd o linuly A& paliall (e ddle
[63] Lsyall Sy iiyd

Lally gl e Auhy (2012) gssaly (Alfatlawi, AM.L) o <
G DR Sy Al @l iy Al A8 e Sl Ll
il s i I Gl gy Lamns g iy ALEN oaliall (mny 315
| [64] gyl LSy k) e 5o

Sy ¢l Alal) ailadl) med By (2012) Gaals Glaludl syal 40
Aagally AN ealial (e 5 degaa Llo JLall lial il Col
. [65]48 el Adlaly daslall ad A & 1)) as dniiaally 4y ganl) 2 gally
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(Aim of the Study) dwall o casgd) (4-1)

Zade shial 8 Laiud) slsgll Cighl ACEQ il Gamy o Caggl
Giad Ganl bl sl Jlaal 5 Joall (mer gy 8 dealuals Gl

LAY GalaaY)

sy « Al (petri dish) Gab aas (U™ ) 53 il aeme dlae)-1
. CaslSl 3o a1y ABUAD 5 julaal Al aiid 4l

sl Hle) Afall #ilall e lially Laplall dadal) Dyl 5815 (uld-2
idailae — Ayl duse 8 (Dlaally chlud) d$a dag delaidl
eloedl ilh Jleainl) Jie Wle dexdivadl Fhhll je a0 48k, Al
LS sl el old Gob oo b aiy o mabs &)y o cunill
syl Alalu) DA dgghall cDLbidll elasy) Ll e il
0K apanslilly Aciall Ggmalal) boaals (s siSY) Aludug ageysill Al
LS dadl dillae 2asinly Gl 2iys P'Cs aspually dbicial  deliall,
Gih aaay Cmes dp zilad (HPGe ) &l asleall Casl
ot oyl kil sl & Jlall e WS (100-200 gm) peter dish
(1) sl

¢ A a gl Alledy Aaiall) LS 22l Ao el 5)shaall <l fise alun—3
RN (el Gl Aladll dejally ¢ slsed) b daaiaal) dejall Jieas
&8 (LS 2y yshaall Jdag ¢ Jalally aplall 5yglasll Jdag ¢ Jalally
 pulal) sl — Al dide b ((golsdl) L) dall x 3Ll

Alal) aleally Zadall Syl e gLl Hlad S jabass g 153 aaai—4
iahal) dihie e XRD , XRF (gilea ahadiul 2l sl

il Gl
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g A il S Juadl)
(P Juadll
T3} 1| UV ENY
(Radioactivity) s iy hlad) (1-2)

o Gyl g pyfiadl Syl s D SDA s Caal (S
3ug A Al ledas e Jidall s ade Alls 8 5)Tiue Byl 223 L3S0l
) S hgat o Sl dsa Alls A Bie e sasll 23 o B (A
ony i AGEHY Yl o3ns o[66] (e L o B Al iy
sl Caar Play AU ol wl e capy Al (half - life) caaill
L67] tap 3ol A Sans sl e L)
I L il dedidl 300 Sl Jead e 4l e lady) Ll Coymy
L g LdY) o (e g3 Silasil Gpha o D) ST (A1 sualie i gy
(AL Gamsall) (B) L Slas o (00) W Glasny oy lass
Al aay Jsail () LS dasly ot dplaling g ¢S Zadl Slas) Lgaaliais

 [68] Lha) ST (g5
( Radiation Types) g i) g g (2-2)

([69] L ilelaiN) e ety et llia
ol d eyl e gst sas :(lonizing Radiation) ¢usall & eddi-1
i) 2V ) Lpdaline oS0 cileled) Jie DA e ) chdll ol
(bigiglls Wy By Cilasan) Sie dparan ileladly (LS dadl;
gi¥) e g5 54y ¢ (Non-lonizing Radiation) cuse _sd) gladNi-2
Oslilly bl Gilage i DA ey AU @D ol e sl Al Gl
(iss)Saa) Bl Dansall JIsh¥) @y dhall cilasalls Ll Cilasas
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s BT Gailad) A Sl

Aaily galall csually Tonudid) 358 AadV) 5 elpeall Cand AV Cilasas
-yl
P pes G Ausall cilelady) )
( Charge particles) aisadiall claswall (1-2-2)

Al Al ) dage O3S jrall (8 dalie Glaws oo Ble (A
o3 maea o ¢ Qligigylly (Aadladly dmgall) By Glopae B Gl Ji
lgilne G (e a4 i 3 Tl ol e LGN L g 1Y)
Sl 4peS Wl i S Leleny ) diaidll late o)y dgalal) LalusgY) 3
[70] 4ne g5 g ey Aill o adiatd Lo Jans b dlalal)

( Alpha Particles) W e -1
aliall 550 e Gt ) (SHe) asledl @by s oo Ble (A
3ac e Jgpell pkind Wy ALB fsall LeBlpal AL 0sSis opfiall e
Cuiess Aoy Lgiilla i LY elldy alal) 35l LeiSa Yy )l (e ilaa
blae 05 13gds 48 5 A Ll @b Wle Wb s Al Leaks
G dear 4l 3l Jsb e Lalaia Ll 0sS0 Y sales ¢ [71] spad
call dasl (3l 3ol awall (abiaia) Jla 3 .[70] Wlae dules o ol
Gy Fe ) dgal) 8 (AN L idanal) anall WA ) Lglla S Gl gl
e amall ) dsan o leedul o Lhlama) 5 1)) Yl sl o Wl
cAagidall 7 5all
(Beta Particles) Ut gilda -2

Phail die sl Jaly e Gllai Ale d8la Gl Glapas e Bile 4
O Sl A G 5 e @8l (Sl g SV alea (i L ¢ all (558
0583 bl e Gt Gl SIS Ly GDA (655 e Cirati Gy Cilagus
e Jealy a8 ) bl xe Jelifisole ooy Aulluy g ey e
e ) e BLE J81 ()5S Ll W) Agatia Cilasen LasS) @llag 433 ol
by dasl Gl (Se ¢ [71,70] Whepe Jo adiay Wlse ofs W) Slasa
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s BT Gailad) A Sl

Aadl licl iy Jla s dle Gudle dakad gl zla) ol aas dedad aladiiul
O ainall e Lld (gl e Algla sl alall e Zullal) daUal) @y by
A YY) @y all Bl sl e clilia) Blad) 8
(Electromagnetic radiation)  uwhliag ¢<l glad) (2-2-2)
as cadalin 5ol & eVl (e edn Loa Agidl 2xdV 1y LIS e
dasare 80 Qligall el b Bpa Glawa JS4 o Gy g LY
028 LI (e af)llyy galie) epdll palidl dglie Lage Lualsay AL
o Wil Jie aldll pan Gl e asll s e cleledy)
Aol Laghlan i ey datidae Lagilila (¥ cllhg algall e leleld 4084 3 sall
o3a ¢ 153l aal )y [70] dlsall Gia) o Lgulls el dle Lgila culS LIS,
aaiiy WleS bie of Dmdie ye 68 0y LS dad) & cleled)
Jshall e yeadl  ase Joba cld bl 6 0S8 Ll Y] Aad) 4a2Y)
Jeis Aay) oy (3x10°-10Mem) o el 3 Ld) 48 sl
Wl lapn (e S Aaay alua) LS el (3585 3§Dl 3 ¢ puall Ay
Uiy W) da] pe A3jlie LB (588 ol Glaal o L@lls of LS by
e DA ) 2 zan (a) leglal 3 olabiay Legdl WS ¢ [71]
sl Gt Lain A 3l Jon et S g SIYL Az ddlide cillec
Jelidl) Leadll LIS ZxiY daplall oladl (e . Leudt sl e LlS
Pladl Ll asahsll (e dpiay¥) dadiall alsall @3Sy (Sl aleadyl
) 131-pisall a5illy 60 -puiiall by &lls 137 -aspipnall (i dgeliall
[72] Bleliall B amiall ol el e e 3yle o
(Radioactivity Sources) syl blidl) jilaa (3-2)
ladl L rmand ) ol Gl Ll Gy Al g ledyl jlias
Goeluall jalaalls dueglall
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s BT Gailad) A Sl

(Natural Radioactivity) sl eldy) blail (1-3-2)
sl 61 Ll 50l dniiall claysill 0yt s3I e lady) aliall sa
Lls Lebes) Il il Lo o) e baod) Dalaall day Ll by ol
sl Jaee Galy allall Jgo e S8SH A8 3 op LD Sl (el Tas
Ailse sl Algll ciluhall tlgie samie GaheY anbll g liY) ge aald)
74, 73] to))shall Lalad g 4,530l aliiall
Bl 3 sasasal Aadall jualiall (e cally aplll eladyl Jalidl)
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31%59'54 44%52°31 Taalall a — (pos ) g2 - S
32°0°58 44°55°5 Bliaall = oeutiyl) gL S
32°0°52 44°55'14 I aall o = oea ) pala L2 S
31°59°29 44°56°6 saagll a — elagl dgna g2 Sy
31°59'31 44°58"1 Csiall a = DAl a G i g )L Ss
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(Procedure) Jasd) 43k (3-3)

S dalailly Ll = aladd dpelually drplall Aedall Claggall 5815 uld &
drds & (HPGE) ssall Jlall agiloall (ailS Jlaninly WS 422y el
SO e paiall el it — gl Gl [ Adpall aslell Al S — alaxy
3 XRD Jlea Jleainly jlall z3lail ALEN jualially dadall alaall 581 5 (ild
LAl ALY i) 8 (o W) ale aud o slall 40K oy daals 3 XRF
Lals dad) Adldaa Jleatinly Judadl) (1-3-3)

(Analysis using gamma-ray spectroscopy)
Slasll Caagi < 3 lesiy WS dadall eyl uld Lleall oda arals
Al Aaphall Jleainly l@heS a8 & ey A8l Bylae Ayl Jleainly dadiall
Y sa¥) Chuagy o Agleall odag ¢ Apuldll aladll e 43)lad) Pla (g
(Samples Preparation) gzailalll juaas

¢ Ayshayll (e 35l Gaddanl el sadd (100°C) dspy sladl 73l Cagas
(75 M) aas Jaiey Joadd acli Goane IS5 Lo maat o) ) z3lall gada 35
e Jlesinly 3kl 035 &5 WS ¢ (Petri dish) sles 8 z35a) aay &5
o Jsanll jedsad g cpdhlll Tyl Jlesivly al&als dagdll Gle 55 Gulon

((3-3) il J<a) 8 LS Aaiall gl G e lady) sl
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gl i gl

bl 7z dgaill Aigs 43y (3-3) Jead)
(Measurement of Samples ) gzilaill uld -
P YIS ClSy okl jaants aan aly o) 2 el Alaje Slsole
(Measurement system) ulill dqglaia o
Al Aildas dagliie cilexin) ¢ Hlall zila 8 Lcled¥) Alladll (uld ol
P 058 il (5-3)5(4-3) JSEY) A daiasalls LS

Gl A glaia

==
A APTREHE: Ol A S—

sl .'.g_“:“y‘ Lol (i 1) adulaal) &) gil) aaia Jlaa
¥ /\./' .

coaldl) daglaia Jabada (4-3) Sl
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:(HPGe) 85l Mo agiilayal) ciils -1
(High Purity Germanium Detector)

4k sl @il e a5 (HPGe) s5all e apiloal) il Jasial
CANBERA-model 7229N, 4Syi (e gsuadl (P-type ) g dlasall
(Efficiency) s:lSys (-3500V) Jowis dphalesy asl<ll 1aa Jamy . USA)
anlyy Jaeill 2ie(-196 °C) dapn ) 0 @il (g gl 1a ¢ (40%)
Jdid (10 om) claw 3 pabayll o Jlasy Cadl&ll Lalay Ll g gl
(1.6 MM) LSan a50alSll (e dad) dasday Al (e Cilia 52y cdpelady) 4ala])
Oe Al ) 223V cpagl @llg (0.4 MM) LeSanw Guladll e 388, daid
[128] sabiayll sl pe LalS dnsl Jelis
(Preamplifier) A aduaal) -2
( CANBERRA -model 4660 ) 4,8 J8 (e gsias S55S Slea s
s Adma 6l Gl e 4 Alalal Adadll Ll Jldinly sl o g6,
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Wi 5 4ls Slay ) ldeady 4y S clagall go Wi o dani
SN adaall Layg clginn ool Gigan (490 o) adicadll I Ledlals
A POV adaall il (sl Gly s SN il Jolal SIS aa b il

[129] dashidl e lial 8Ly asiloadl RIS G oy Juadl é 53l

(Main amplifier) (wil aduaal) -3

(CANBERRA) 48,5 Ji (e jene deshiiall oda 8 aadined) adiad)
simdll e Ayl Aagll daw eS8 e )l adiadl Jeny 3 4S50
A 5 (MCA) clsdll aaetia Jlae J8 e Jilaill 3ala (5S3) Lginaaty Al
a0 agiyge Aalal) Ll daw 5 sl dcanll A G bl ADle adiadl
= (Filtering) Lasiss lenddy a8 WS (Shaping) 4l U5
Al gaseadl CSHN e paldill Bk e leae daldll (NOISES)s Lia gucall
LI i uulinyy () Gliay 4l e Gliagl) ey sai Gany sy
[130] 4l sl dcagl) dans pa Lyl ol

(High power Equipped) ddlal) 5,088 jgaa -4

Cacliadl 320l jeadl adlSll ae dapy) desisdll Akl dalall Geas
e & 5(-3500 V) & Alexisall dalgdl) of 5. Al dalally gl
sl el )Y dilaie

(Personal computer analyzer) eidll gulall Jlaa -5
Goal) il adlse 8 e A e s L o (il adcadl (e Ladlall Al
el damind LAl Al e A sysa sl 4 gayn
5 el DUl SalSie laaliy 3ay A (Version 2.0 / ICS-PCI 4K)
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¢ 235l e LalS AasY daillaal) culayill e byl Lalil) slay LS Cadal 3)
[130] Cosulally Zialal) daylall dasd s culillly (aldll auda g
(Standard Source ) bl juaall

alire 8 Gl Al AwlV) Ul e et Al Al jalae 3
Bplae o adiad N apen Y dggsill Gla¥) 8 aadnid Al CedSH Bieal
sl e asuloal) (ail€ Jio LIS dad) o)l dally dals 50y dalal)

ladl 8 5hge O8O g Ally dagall pailiaddl (e e li o)
ey Blaall ¢ wnigdh gl ¢ uldll jaad) JS8 Lgie dallal) Al
¢ dpuldll jabaal) dlae) & oubad) uladl Jia Al degall pailadll (e e
o Glie ae bl Haadl waigh cadplly JSAN aasd las gyl e
b Hae dlae) 23 g ¢ Aaldll Gbglall e Cull aas ) 8Ll 48 s
& Aaasiaall dgglall waigl) gl o JSEN iy petri dish eles s aaa
O iy Ll Al jaadd jeledy) LLall o WS L Aggaall il Ll
Ly ¢ lemld g () il elady) LLiall e S8 el ) Lsbas 055
Lagipall gl jlads o bedY) jlalie o jaliaall oda Jie auiad Jeaall (o G
aobaill ) ALYl cAalSal) Allall L gl i€l lanall 4805 e Sl calac Y
dae) iy Camy cmpall 13l dalie o6& o oy S iy deluall 4
Lol 2y A ggaall il alis o el 5805 3 dallad) sl alad)
Ll G ¢ Alysha 55l aladind dalla puldl jaladll oda e Lliall Jal o
Dlais ¢ oelaty) halaall ol By c8ll o pmisn el lehlas ol ol
e Jaind 288 2003 20 dals Lkl jabeadl) oda Jie ) 3 Glhadl oY
e e ledl Lol el g ddaitll jabiaall g0l cuyadall & odinldl (e
Gliall caigl) i yilly JSAlI ae diiUaie sl ca g dae LY dalally 45)lae L
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& Aeadial) 3 SN luld 35S Uad A sels I 5% Las Lgwslid 23y )

(Procedure for Standard Source) Ll jiaall Jos 43

Ayl el adla e 10 ml (I 152 = agull s Jilu Al —1
» Asal (A Jslaall puasy caanll

c el sael Jsladl g Guiladll (aapal A5l sy =2

z3sa (e (100g) «sélals Joladll (0 Spul  sd micropipette  Jlaxinl =3
L

Sy Cum A1 1007 C 4 dapd (b 8 Wany gngs lus gisall Lla —4
o onladll gl Giiebe sael (g)a) 5ye Ll ladey ¢ 5l 2 hgad S dadiall salal)
fatid) sald) e solall A5l 7 d e petri dish e dBiaiall dyglall cile =5
Gl Gulall gt iy Gl dappd Jlasinly al&aly dyslall dagd cale baay
e ey Aglladl

(Measure the Standard Source) Uil jaaell (uld

b s yas (Petri dish) bl jaaall by juaad &

faelai¥) Gluldl) and [ 35Sl chiia) e flagdgSilly aglall 335 ) -

il e sas (HPGe 35l e asmilojall ailS Jaxin) ¢ LS clulf 4
(e sas (Canberra) huolS 48,5 (e g suadl (P-type) g5 dlaasall 4 ol sall
k8 @l 555 (SLT7500) dinse e 0585 85k o g5iny (GCA018) s
il 13 Jery .(4.67 mm) 3381 e ddladls (60 MM ) Jshs (62mm )
llaie Allas )0 41y (Efficiency) (>40%)sel<s (4500 V) Juads 4l s,
Ll «(* CO) Laaall ( 1.33MeV ) &Uall dually (Resolution) (<1.8 keV
Gildal Jlae oS W& (2002CSL) didge e OIS uiiplly SIaiY) adcadll
¢ Lenovo i85 (e gsiadl ( PCA ) g5 (n deriiidll padlll Gigulall
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Cadal 4S5 dpe il BN d (version 3.1/ Genie 2000 ) zabiy Jaxind
il e Jsemnll 8 Cin ¢ bl aad] Teledyl Al slady LS
& asuye  (Petri dish) wldll jaadl 3.l Jade alasiul (e deledl)
Monte Carlo simulation toolkit-application to ) s\  ige zalin
poASY) dabadl Pl (e @lilall 3.6 - hasny (6-3) Jal e (HPGe

In(e) = —3.509 X 102 + 2.845 x 102 x In(E) — 92.15 x In(E)? + 14.86

x In(E)3 — 1.196 x In(E)* + 3.839 x 1072
x In(E)S ~(1=3)

Lf“““\:‘d\ )MA]\ Glilal el 3 e (»;.15 =5 (5'3) Jsaad)

] Dl _I_Eﬂ_lﬁ_c:_i_ency Calivaiipn Curve
'-_T_Lt_u‘!.l Evergy I Msased - - - High Ensgy
oiz-- -——— - - —
IE .
. |
£
- — : i
|I Y |
I \
. ' | [
D.DE - P e ——— -
1
.06 - ——— - = —_—
. 3 -y
| ® .
! |
1 H
ap4a - - = e -
l“--u
R,
. - -—0_
Q.pz - [ . ==L gz ——— - st -
: ——re——— _ .
| |
I | | [ .
G H
u - - - —————eim e fe— - o - — —— —— - . - .
0 500 1430 1500 23a0 2500
Energy (kav)
Bratascurce: CN2016wthenEu standar Planfh23-3-2018 G600 patiry dish CHNF
N(EMN =-3.500e+002  + 2. 848e+002°INE} - 9.215e+0014n¢E2 + 1 4EBe+00 1MA{EI3
= 1. 188e+DDI"INEY S + 3.839e-D0Z*IN(EI"S

ibtl) Jaaal Jlariuly HPGe  cidilS b 35S 5ylaa aia (6-3) Jedl
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haad) £ 32l

Gullil) Suadl)

bl raal) clBlal CadISY 35S ad (3-3) Jgaal

Energy (keV) I, (Abundance) % Decay mode Efficiency
121.8 28.37 (EC, BY) 0.1216
244.7 7.51 (EC, BY) 0.0773
344.3 26.58 B 0.0561
411.1 2.23 B 0.0471
444.6 3.12 (EC, BY) 0.0435
778.9 12.96 B 0.0238
964.0 14.62 (EC, B") 0.0185
1085.8 10.16 (EC, BY) 0.0160
1112.0 13.56 (EC, B") 0.0155
1408.0 20.58 (EC, B") 0.0116

Zppial LS Zadl Al dashaie b Lol dad) Culal Net Area Jisas DA (e

il e ledY) Adadll Clua &3 (10800 S) sylaia () DA 43S el il il
1103.617 ) allly ol [amd) @il poead Joedd) 380 5 uld@l) uadl
Ol Ly ouilil) raall LS dad) Cish momg (7-3) J<all; (Bglkg

fesbitl) jaadl Glbly a g (8-3)

10001
a00 |
500 2
700
600

500 -

Counts

400
300 4
200+

100 |,

—— el

413 B So
sBr

1000

ES
ROL Type: 1

2500

3000 3500

Ez4
ROI Type: 2

I
4000

A3l el 4 paa [ ekl aemall LS dad) cigh (7-3) Jedd

s
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EXNTIFICATION REBPDRT

“..._"lh'.".A."’h'OOOQIl’..".'.".“..ﬁ"‘.‘

IDENYIFIED HUCLIDES

Fhl e e DRI

Eneraoy Yiela Activicy Activicy
tkev) 15 \8g fKg ) UacerTainty
121.784 Ze.a0 2.73423341003 4.560752+002
234 .88~ T.4% S-BRIZETIDO03 S5.64033E:001
J449-23" 2£.50 v21121E+003 4.C01237E4001
q31,11* 2213 I.98568E~CC3 1.051032»002
443,655~ 3,21 2,:9263Z1C03 1.02€6304002
778,83 12,54 2.2782424003 &.33030Z400%
H67.,32* $.36 1.310S¢E-003 1.13630E«002
364.01* 24,40 2.10245E-903 €.8015CE-<001
10B85.73° 12:00  2,5913238+003 L. 0381024002
11172.02* 13.30 2.22258T4003 V.49900E-0010

1405.01~ 21200 2.1C330E+003 6.972108+00}

- - ..v...)'o'..o-nt-'Q-ocOovootooouo---"'QOOOC'
- re

ERENCE CORRECTE BIRIDIOfR T e esds

. . .tl'..o....'c..t.oo..i-o'0.‘."'.0-4.‘...".0..
P

ne m=an We n7an
ACzivicy Activity
(8g /a1 Unsertsinty

| 1.52495284003  1.088232E+001

»
¥

g“‘t:m‘ daal) clin (8-3) Js&d)

A8 el slall g ) A0S asiiall gyl it 3 (bl iadl (il 5 LS 2
oyl3a () JA Net Areadisnd &8 Cus pidall 4alill bl daghie 8 gl
AL s ol uad) Gl Ll adldll Gleal (10800 S)
JSEIL masall 5 (942.834Barkg) dldls cwlidl) jaad) clElal alall Jaxall
Clla clllie JLSiny boldel Sy ol Gadleall Jad) 330 5 ¢ (9-3)
[131] Jaadl 8 SS) Jealis e g Y] (Sary ¢ el JLall il
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(3
=
l

244.7 eV
344.3 kel
411.1 keV

444.6 ke

=

w
i
4.4
—
o
=4

.r

1408 kel

17589 ke 427 8595 ke SV 3 044 ke 1353 336 kW 1868 250 ke
Channal: 363 Enargy: 1321 .2300 kelGroees: 541046 Meat: 32023
Count=s: 1820 FWHM: 6.7 3 ke Centroid: 122 294 kel

( Experimental Measurement ) 4led) ciluldll o
P lete Jlaaiadl \ging (il Gl Gians o haly dashaial) Lugs
(Energy Resolution ) ca&lst! Bual) Juadl) 406 -1

¢oofplie ol Gn Gpdll e ohall pal ulie e
(FWHM) 4550 gliy) aaine vie L& Ldll mje aag
LG bty Addanl) sl syd Wkée (Full Width at Half Maximum)
60- b <U gyt aadiud 28 (HPGe) il agsileyall CaslSll Ul Josl
(%7 Cs) 137 — asieadls (1173 keV , 1332 keV) il eltiay 520 (*°Co)
3l 5 sl (e anlie axy e cppdaill g Gua ¢ (661.6 keV) ddall 63
5B iy Guplall i Cih mag (10-3)JSa; Calall aseail (36008)
:[132] A1 dlslaal plasinly Sl Joadl)

AE
Resolution = ——X F.W.H.M v (2 =3
esolution ACh ( )

61



hesl) 5 50 Y Juat

. (keV) clang ©C0o U umelSll Guball G Cauny 3) 48l (3% Jiay —:AE

bangy B0-cili €l bl WS Aad] add (59,0 A adse o 36l —:ACh
(channel)

137 - apgundl iy 60— Sl il Ll (il mamys (10-3) JSl
. 1332 keV 4dalall 3})&15\ —alia U J\.ﬁ.o}

661 keV [*¥Cs)

- 1173 keV [E°Co)

=]
L
[ ]
7]
=
1]
—
d
m
m
i

I
T9.894 kewv 540137 kev 1066843 kev 1660.012 kev
Channel 0 Energy: 79894 kev Gross: Net:
Counts: O FWHIM: Centroid:

137 — asajauad) il 60— calygSll ulail BUal) Ciukall (10-3) Jel

Do) g oelaal) B3 o lgal aagg
AE=E2-E1=13325-1173.2 =159.3keV
Ach = ch2 —chl = 2567 — 2259 = 308ch
. AE _ 159.3keV

s = =0.517keV /ch
Ach 308ch

e deans (2-3) Aalad) Baliyg
keV

ch

R =0.517 x4.61ch =2.3keV

o 2 agilead) CallS] AdUall Aldanl) 5 )aal) Jiah dail) 528
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(Calibration of measurement system) (Ll dagliia 5ylaa -2

5l ol s J3Y) el ¢ LalS AasY adal) CaliSl dashaial iy ela
= b LSy Tl et 305 da slaiall o3

( Energy Calibration) 48ual) splaa -

aing 3lE JSI Ldlull (gl dila adse 2paal Lo dealy Akl 3ylae dgdec ()
die el 4883 3)pmy L Agjme aed o ggind Luld jalas aadiuly Gl
Cadal jualiall Clila (e pasls (520 Jhai o Sylaall (aleV jaliad) sda jlasl
152 — sl pudas Jlexind 23 48U splee (mpaly ¢ ade oSl oyl 23l
[131] siadll 3 iially Wl e spbiad &3 3 @il saad) (2 Eu)
gise Ox AL Ly DL (11-3) JSal) masy WS (9-3) JSall mnse bl
gl adsey suaed) Gl Gn Aphd D G aay dua Al laie s dl
: Ay Aalead) e

E= 04344 x Ch — 41979 .. (3=3)

1600 -

1400 . E=0.4344 * ch -4.1979
R* =0.9993
1200 -

1000

Energy(keV)
g

200 4

) 500 1000 1500 2000 2500 3000 3500

_200 o
Ch.No

Zalal) sk g B aga oy Ailal) (11-3) Jel
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(Efficiency Calibration) 3¢lsl) §plaa -

ae ) sl Alaall cladll sae G Al ol (el 3 iS (o
e asiloal) CailS dagliie 50 S byplaal ¢ aiiall Hiad) e Liegiall cligal)
astpsall pla Jasiad 1Al daglan lila 4l il Hacas oladiul &5 (HpGe) 3lad)
Gl e e o ging Ay [131] Jaaddl & glially UWlE (e a4l 152-
sles b goiage (9-3) JSall 4 lially (1408.0-121.8 keV) o zsbo
[13] (Petri dish)

EDE 3aaly PEU aae il (e A8l IS Lad due a2y dlladll Guld
[132] 489 Alsbeall DA 00 (Ef) 3l Gl 5 &lld aay ¢ Sl

€ = =X 100% wvv crsvve e e e ere e e e (4= 3
F s AxI, & (+=3)

(count per second) 4sti J<I aall CPS Jiay ccadlSll sel€ Jiwy EF ) 3

Sle syt dahll (Net Area) 5,0 caad daluall ila dewdy ade Joasis

¢ piadl jaadl clils (e 48l JST Al sail) Jidi by (10800 S) (bl (4
- Jexiall @l Haadll (Bg/kg) sass dae sl Adladll JinS A

CilS) 36l A ("PEU) jrme clills Jiey o2 LS inie any o

ey Aniall 1aag (12-3) JRAL i galls (IgOr program 6) gebill Jleatinly

AY) bl caun HAT adie jaiae Yy clilall Calind oIS 3 S et (g

Eff(%) =Yy, +A; Xexp(—Z, XE)+ A, Xexp (—Z, XE)....(5 —3)
: o
Y, = 0.0098116 + 0.00893 A; = 0.061498 + 0.0928

Z; =0.0024257 £ 0.00319 A, = 0.30796 + 0.0594
Z, =0.0093145 £+ 0.00428
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aad) ¢ jad) Gl Juadl)
Curve Fit Results
Fit Type: least squares fit
0.14 Function: dblexp
Model: Efficiency Curve
Eff(%)=Y0+A1%exp(-Z1xE)}+A2%exp (-Z2xE)
Coefficient values + one standard deviation
0.12 y0 =0.0098116 + 0.00893
Al =0.061498 + 0.0928
71 =0.0024257 + 0.00319
A2 =0.30796 +0.0594
= 0.10 72 =0.0093145 + 0.00428
=
<
==
[%]
=
2  0.08
o
i
i
0.06
0.04
0.02
[ ]
T T T T T T LI T TTr[rrrrprrrrrts T |_|'
200 400 600 800 1000 1200 1400
Energy (keV).

PEU juae clBlal 418 3p Sl dada (12-3) Jsdl
(Background Measurement ) dslady) 4dlal) qlua -3

Al el e Y zised Y Aeletl) il Gl gl shal J8

oo 2L g i hias el dndie jaliae ) Aiske dse gas JliaY Leledy)
slegll sy ] &)l petri dish cley ams clliy dllall duall deledy) 4kl
AP lewtt Al saall [ zilall LeledV) Aladll (uld 3 dudi Jexiodl
oo Shad el Al o WS dadl (il aneadl Cadl€l dag alel calulall
Alased) el (222l 138 2yl (apal Ol M Jiaiall it dalisad) ddjes
:[133] 4oV Alslaall alatinly Goe V) Aalal Clus s L cililally - Saill

NBG

An. =
P L (E,) x €(E,) x t x M

e (6= 3)

daldll ila Jis Npg « (BQ /KQ) sans deled¥l 4kl i Agg o 3
oe) Jhap te Lol el Bl 508 i [, ¢ sl 5018 Juss E(E, ) el s
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(3-3) Jsaall cpw . gl Petri dish € i M5 10800 seC sas (bl
Al gl (31K Ay Gl 8 sadiaall Aaiall Culay gl

[69] ki) g el Lgwund gy () Anial) claygil) (4-3) Jgaad)

Series Equivalent isotope Half — life E (keV) L, (E)) (%)
2By 214 pp 26.80 m 351.92 35.10
25U 24 Bj 19.90 m 609.32 44.60
“2Th “12 pp 10.64 h 238.63 43.50
22 Th 208 T 3.07m 583.19 30.58
%2 Th 228 Ac 6.13 h 911.16 26.60
...... VK 1.2 x10% 1460.80 10.67
B Cs 30y 661.61 87.50

(Specific Activity) dus sil) Aulladll -4

sliil) e asiloall adlS Al z3sa) pams de gl dlledll CGlua &

il e (10800 sec)  sad LS Aasl o cwh Jaws
a8y ey 58 Jac s Cashall any casulall 8 (Version 2.0 / ICS-PCI 4K)
& Gas ccihll Jiaile e el it dalidl il ) L) cullally o gl

:[134] 489 Uslaal) an gz 3ga1) IS A sil) Adladl) il 3
N
X, XEXM

e (7=3)
NSRS
ol (o) Jiarbe Al it dalid) e Jid N ¢ degll dladll Jis 4
A s M sl sl B € LS dadl 3la sad s [, ¢ Aglill
.z 35!
(Detection Limit) «adsli as-5
o€l Sy Aniall gl elad) blis J8 4l e (alSll aa e
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D.L= (277 + 3.29VB.G ) X % ......... (8 —3)
sila Jici N ¢ (Ba/kg) desill ddaill Jiay S, A il aa Jia DL ) 3)
GaeledY) Lilal) o BlGue dadll cand daliall

B.G = Gross (Integral) — NetArea (A)  ..........(9 —3)

oSy ) Andiall sl (e A€ sl asly Cas€H Al oY) aad) Cayey LS
S sl Gl (Say (MDA) 4 Saps o il (5ise JS50 laaas
Asbadl) aladinlys (7-3) Sl as Alibae (e 326G (MDA) il dlladl
:[54] 45V

MDA = : .. (10 = 3)

Jiay €¢ a3l aa Jiay D.Le cad€l) aglladl oY) aall Jiey MDA () Cua
Jsanlly ¢ kv | ) JiTe LS 4l Sl dallaa) d.m.apyc ailKl) 3o leS
b Al Gyl CadSl) Adledl oY) aally CadSll aa CN e s (3-3)

bl z 3l

S 3l 3 dadiall ciaygill (MDA) g (D.L) cyana (5-3) Jsaad

Equivalent Energy(keV) D.L MDA
isotope (Bg/kg) (Bg/kg)
Pph*** 351.92 6.240 0.034
Bi" 609.31 6.092 0.049
Ac*® 911.2 10.922 0.235
Pbh** 238.6 6.215 0.017
K 1460.8 10.789 0.805
Cs™’ 661.61 3.035 0.014
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XRF s XRD (gl Jlarialy Jalaill (2-3-3)

(Analysis Using XRD and XRF)

gl ) lgle yise oL e bS] Jals Lehaia o5 milall pes aa

Jeall Jad um Uila€on Lelilat JaY Jaball e Aluliy z3lall Cije ooy
b b Lo gpnadl

ol dilaall dlee <ujal 2 (Grain Size Analysis) el (eaad) Jalaili—]
il & dualdl dlaila — dglpall Anaa 3)lida dilise (3halia (e z3sai (12)
Ghe Cuny zalall sda HLEA) &5 3L Dk Aeals 8 g )Y asle aud 8 endll
(wet sieving) k)l sl daph creadivl ¢ dadaill eiled ) shbiall alaxs
63 wilaid aan (uld Jaie aladinl z3sall A Lol edall oo k) ejall Juadl
¢ Jaidl e alugg e 100 laie z35eSU Milae Uy 331 axy [136] 5 Sile
gy Jaaall Jeo el Jo)ll caia ¢ galally Gaall G doll diad (oa el
Oodl Sy g Jaid) e Sl i) Ll ¢ el A dapll daws Glus (]
Oy call e S Ganst Apre (mpa) [136] S Aippla Casaiiial 28 (ulally
alit) ey z35al) (pa o2 50 s 8L s (ghal) gl £33 djme Ul
aiaiy el e Al e eda (g) o pae dayd Aaldl dauly 2B L) o
a2 50 3355 delu 24 520 (2110%) 3l dapn Caad (g Adayll duall L
250 daw S 4 aagiy (Agate Mortar) ddaulss Ly cpadaiy d8lal) sl (g
s 3gasall ZOLY) (ge aliall mjal iy s el o Lally culald Gl aays Ja
asmsaall Cufugd UieuSa & A bale (e Clahe (ued lg) Gl & dall
Lls ¢ dels 24 sad oS5y cundall m sl (Sodium Hexameta phosphate )
G Lpena Dlshan) 8§08 5 4382 15 sadl (5)3) ope LA Alaulsy (3llall laaey
Jala b Jsladd) Lla lasey il sl Je 1000 ) aasdl JeSly Je 1000
3ab ol Dlglany) 8 GBS puag langs (Stirrer) sy LOla ddaulsy dilshaul
¢ A88 5 ¢ AREy 2 ¢ Aaa] ¢ Apl 30 ¢ Al 15 ooVl caen lela s il )l
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¢ 488y 120 ¢ 438y 100 ¢ 4283 80 ¢ 438y 60 ¢« 4ady 40 ¢« 488y 20 ¢« 48y 10
S any GBS z1a) sleba g (Aels 72 ¢ delu 48 ¢ dels 24 ¢ 335 240
I AVl bl dae i) L) e (siad (g A) ilshand 8 Aniags el

i S Jsladl 8 Ay (il e S

z3saill @it ey e 2o dald) Aadyy bl Glle e Jo 20 a3
Qb okl JB g o cplal) @iy (e A3 ES e Jsaall @lld [136]
2 ypaads cplal) 3855 S elal A5 dal e 2V 50 Ge 5 Y B day
dnlay dagys 8 cphall Glle (e clylad aagy @llag (Oriented Slides) 4gase
Gl (58 o) eyl 331 88 [137] &) s dap b caadl LS5
s Aa)y Aagy Jamdl asag ) Al pda & daal) <8 3 488, plall
Sl ade Glacal lguhis slele ae [138] S8 Juatl leuis aguagis oyl
) S e ARy (gsall UL gasdl) il

L) 4y agaa Slgan Jaladl) -2
(X-Ray Diffraction Analysis (XRD))
Wl (Bruker - 2010) g5 (XRD) Al 228Y) aga Hlea aladinl
Shall L) aadl 8 (mY) ale aud — aglall S — olay deala 8 Lisd

Aadll e Awly) ool e Gawll ¢ XRD lea mms (10-3) Jsall
C o) 3gd e 12 lal a8 s Ayl a8 gz 3lall dalgall Al

Auhall dikaie e z3sai (12) sause yumad @ (Bulk Samples) 4asl) ciliall —i
i) s Sles Cuandy (90 63 Jaie e ol (AR (ol Al (ke daulgy
s Ol paniin (sl (2°-40%) G Lo 20 Al e b Alalas gl 090 Lyl
Al
8y3 o 3 il e gl 128 Aiugd 55a ¢ (Oriented Samples) dgagall ciliall —C
o ¢ Agasall LAl jumads dudall aleall Jiad Adpha mia g Glpadl caaall Jaladl)
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A Al ladl panti sl (20-40%) ox L 20 Al gae b Cuand

el Adee  Jiedl daaly dga Clgydy Apeli GlulSall e Jpasl
.[138,136 ,99]

XRD Sk 8)sua (13-3) sl

AL alaal) 3855 A3
(Study the concentration of heavy metals)

Aadldl) Aailae — Lplpal) Aide e it il (12) dilad duall Ciiacss

& SN Al el 8 (Fe, Ni, Cu, Zn, Cd, pb, Co) aLéll alaall

g5 XRF Jlea ahaaiul oty Zasls [ aglall &0/ V) ale ol

s ,lad) 2 g ¢ (11-3) JSall mamse WS ¢ Lidl JLd (Spectro - 2010)
- cllly Olgally Gla¥) ey ) e 530 e L) L) ualiall
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XRF g 89« (14-3) Jsi)
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Aliional) Jlas ) g cilaliiind) g Addlial) g gilidl) &l Sl

2l Juail
Al JlesYly cilalitiud)y Ld8lally gl

(Preface) w¢<i (1-4)

A Aam e laiall Jlall ziladl de gl e ledy) Alladl) il Juaill 138 Gy
(HPGe) s5taill Jle agilaojall cailS alaainly (BO/KG) sass calyladly cDlaal)
LS « XRD , XRF (ilen alaainly ALE0 jualially dhall cpalad) 3815 il
CAdEiad) JleeYs Slia gills colalizn) Joadll 138 el

Lol ddluag 44585 (2-4)
(Gamma Spectroscopy Technique)

Jlatl o3 el 305 300 (HPGe ) 5Ll e agilajall <ol Jlesil
ABcial) Al Al gl fue ) Alladl) o 35 ¢ ltl) el e gilly oS
137 - psspiadly AR Al 40- apalipdly 232+ syl 238+ aslypl
) Asbeall DA e Ailoall A 6 ddline alse (o Ciren ) ladsail el
:[139]

_ (epS)net Error
_IYXEfme_IyXEfme

_ Area under peak \/Area under peak
L XEgpxmXt T L XEsxmxt

Gl die 214-gabaylly 214-Cigaddl  plal de gl Aledll  Chadic!
SV Adleall laaly 238-a sy sall die i) Adleall ¢ 4SS ke (351.92, 609.32)
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212 — Lalialy 208 — asllilly 228 -asio€Y1 bl Zue gill Aylladll Ciadic s ¢ Ao
232 -asysill Lo gl dlladll ¢ 31K (238,63, 583.19 , 911.16) keV dslall xic
Gadiely « (1460.80) keV ddlall vie 40-a pulisall dpesll dAladll Cadicly o
.(661.61) keV dslall xic 137-appall de gill dlladl)
D) il Ao il Alladl) uld (1-2-4)

(Measurment of Specific Activity for dust Sample)

A4l al) iUall G sl Aladll Cilyginedd Aliastuall ml (1-4) Jsaall mas
Pl ladgail 90 Axlllly L) £ 3la 3

Ba/kg ) ded il Llall zila 8 238-asshsll el Adledll ilygise =]
dad el o S adsall/ dpalill Cisn a) A (Sg) zasa) 3 (2.9410.521
Jaxalls o(J¥) adsall/ Ghall o) 8 (Sps) zaseV) & (37.70+1.375 Ba/kg )
Jara o) et AW ikl (14.22+1.003 Ba/Kg) psaihysell doe gl Alledll alal)
55 Apnalal) Aailae 8 Algl) Aaal HLall z3lai 8 238- aslysll Lo il Aylladl)
(35 Ba/kg) allly 238 -ashsll degill il _dlall Jaedll o8 e JB
. [140,124]

Ba/kg) ded Jib lall zila & 232 -aspsll degll dlld) clgiee —o
iad el o(JsY) gisall/ adaldll a) 3 (Sep) ziseN) b (20.9442.335
Jazally oSG adsall/ ddayill a) 3 (Ss3) zasaV) 8 (40.81+3.121 Bg/kg)
Jara o G Adlad) =3bul) L (24.5942.371 Bg/Kg) aspsill 4 sill dglledll alall
055y Apdldl) Alsblae 8 Llsal) A sl Z3lat 2324 agysill due il Alladl)
(30 Bg/kg) aully 232- aspsll el Llladll _dlall Jadll ad e 8
[140, 124]

Ba/kg) ded Jil sl zila 8 40-a5mbisll due il Aladll lsine <oyl —2
Slels o SE) s/ AN Ayl a) & (Sss) zasa) 8 (112.74+12.932
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Aliional) Jlas ) g cilaliiind) g Addlial) g gilidl) &l Sl

Bsdl/IN) Galiall a) 3 ((Sso)zisa) 4 (400.94+19.555 Bg/kg) e
il (227.88+15.388 Bg/Kg) asslisll de gl adledll alall Jaxalls o S
& Al el Hlall Z3la 8 40- aslioll de il Llladll Jane o) s 4llal)
ALls 40- asaslisd) G il Llladll _allall Janall 2 o J8) 06y Apnaalal Aladlas
.[140, 124] (400 Ba/kg)
Bg/kg) ded Jib ladl zilai & 137-aspdl el dglladll Clgiae cuil€ -
dad Jefy o(JsY) @isall Guehl a) L (Sip) o zaseV) 3 (0.42+0.560
Jazally oSG adsall/ cliall o) 3 (Sq) zasa) 3 (18.78+1.090 Ba/kg)
Jara o) i Adlal) il (19.7320.833 Bg/kg) aspieedl diegill dledll lall
(5S Apmndlal) Asilae 8 Al Aiadd HLall 23l 3 137 — asidl doe il 400adl
. (14.8 Bg/kg ) @llls 137- asppedl doe sill Adbaall _allall Janal) o e 8
[140, 124]

238-ashsll de sl Alladll Cligise (4-4) N (1-4) e JEEY) muass
— Alpall daae (A lall zale (B 137-pspandly 40-pssnlislly 232-0 5505
Jasall LolS el Gl i (8-4) ) (5-4)0e ISV . dpunldl) dddlas
CAglpal) Aine Lal) 23kl (bl A glaia
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Aliional) Jlas ) g cilaliiind) g Addlial) g gilidl)

&1 Suat

S g ilad b AGNAAY iy gill A gl Adladl) il giana (1-4) Jgaad

CS-137

K-40

Th-232

U-238

dahial) aud Jay
(Ba/kg) (Ba/kg) (Ba/kg) (Ba/kg) £ isaidl
4.76+0.665 | 296.63+16.338 | 25.29+2.382 | 15.59+0.925 IV gisal [ imslall o S,
2.10+0.573 | 311.43+16.640 | 30.15+2.573 | 22.04+1.083 S sl [ daalall o S,
5.70+0.714 | 324.47+17.290 | 31.88+2.692 | 25.21+1.1763 IV sl [ G a S
5.50+£0.662 | 227.81+14.354 | 26.94+2.377 | 13.35%0.839 I @isdl [ aSall s S,
6.06+0.675 | 168.94+12.905 | 16.28+1.910 | 11.56+1.064 Sl gl [ aall o Ss
3.64+0.651 | 243.00+15.655 | 16.29+2.037 | 18.60+1.028 I pisall [ 55LY o Se
7.90+0.807 | 263.51+16.514 | 20.95+2.309 | 14.18+1.256 IV gisall [ 3luzal a S,
7.67+0.812 | 218.01+15.679 | 29.36+2.697 | 13.65+0.925 S gigall [ 3lmall s Sg
6.57+0.698 | 226.56+14.406 | 22.71+2.218 | 8.617+0.698 IV el [ bl a S
6.48+0.776 | 219.50+15.714 | 26.12+2.564 | 15.44+1.312 S gl [ ) s S1o
5.38+0.741 | 267.20+16.811 | 23.962.471 | 19.28+1.078 | i G,uli/ V) soall oo | Sua
4.76+0.721 | 279.24+17.074 | 15.54+2.071 | 10.86+0.839 S gigd) [ W1 el o | Stz
4.40+0.677 | 243.00+15.655 | 17.72+2.107 | 6.69+0.665 IV el [ S s S
4.72+0.698 | 229.73+15.547 | 26.16+2.508 | 16.70+0.989 I gisall [ 0 el o | Sua
1.830.500 | 190.47+12.785 | 19.04+1.953 [ 5.76:0562 | il xisal / i) jucll o | S5
0.42+0.560 | 211.29+15.518 | 19.00+2.244 | 15.2940.972 I sl [ cpely3l) oo Sis
2.14+0.629 | 258.33+16.611 | 29.15+2.688 | 18.62+1.061 IV el [ el Sy
6.71£0.766 | 223.98+15.513 | 18.03+2.158 | 9.9130.793 | i waedl/ L5, gyseand) a | S8
5.15+0.623 | 186.05+12.885 | 20.20£2.030 | 183241227 | st syl / L5, 5psgmndl on | S8
3.10+0.618 | 219.19+14.834 | 26.54+2.458 | 12.82+0.857 I gisal) [ 5ol a Sa0
4.99+0.702 | 255.27+16.026 | 28.38+2.585 | 16.38+0.976 S gipall [ sangl o So1
6.61+0.774 | 254.29+16.413 | 26.51+2.565 | 13.73+0.922 IV psall [ Aumgll o S
6.90+0.717 | 240.36x14.877 | 14.77+£1.875 9.29+0.728 S adsall [ dagill o So3
7.82+0.783 | 202.85+14.724 | 28.92+2.592 | 18.81+1.364 Sou

GG g5l [ Aagil]
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L) Jlee ¥l 5 cilaliiiny) g L8l g il &l Sl
7.03+0.787 | 223.98+15.716 | 19.88+2.272 | 13.79+0.924 U1 sl [ A s Sy
5.48+0.744 | 240.41+16.203 | 26.99+2.600 | 9.64+1.117 V) ghsall [ L) Sa6
11.45+0.904 | 251.07+16.236 | 22.86+2.395 | 12.63+0.884 ) el [ el s Sy7
6.40+0.702 | 168.31+13.196 | 14.58+1.865 _ U1 ghsall [ el Sy
10.69+0.835 | 256.27+15.485 | 31.51+2.624 | 12.69+0.845 Y1 el [ Al s S20
7.86+0.817 | 125.43+13.293 | 27.20£2.609 | 8.58+1.078 Sl el [ Al S30
8.44+0.834 | 280.73+17.107 | 23.75£2.462 | 13.38+0.917 ) il | el o Sa1
12.82+0.951 | 206.81+15.410 | 24.61+2.499 | 28.23+1.285 U1 sl [ iyl S3
16.97+1.050 | 195.61+15.136 - 10.05+0.812 S el [ iyl Sa3
553+0.746 | 224.73+15.83 | 17.49+2.170 | 17.32+1.370 V) ghsall [ il o Sa
15.35+1.012 | 272.52+16.927 | 17.69+0.745 | 27.80+1.276 S il ] gl s Sas
6.39+0.773 | 278.49+17.058 | 24.83+2.509 | 17.16+1.365 UV ghsall |l S36
9.35+0.848 |289.13+17.0728 | 20.74+2.299 | 9.79+0.794 ) il [ sl Sa7
5.43+0.743 | 156.79+14.146 | 32.60+2.823 | 16.60+1.008 S gl [ cball o Sas
11.25+0.911 | 251.61+16.459 | 38.00£3.023 | 12.56+0.892 U1 ghsall [ il S
8.95+0.809 | 222.59+15.095 | 33.50+2.752 | 5.80+0.919 UV gsall [ il Sa0
8.24+0.828 | 220.25t15.73 | 34.76+2.905 | 11.58+0.861 S el [ il St
4.7620.721 | 269.53+16.861 | 29.58+2.705 | 19.71%+1.089 V) ghsall [ ) Sa
10.66+0.839 | 257.92+15.611 | 30.23+2.589 | 8.54+1.008 Y1 sl [ 2l Sa3
14.16+0.984 | 279.98+17.091 | 31.52+2.782 | 13.10+0.909 UV ghsall [ S Sus
10.62+0.888 | 252.08+16.363 | 17.53+2.159 | 11.51+0.855 S ol [ Y] Sus
16.64+1.042 | 196.36+15.154 | 24.18+2.481 | 12.83+0.900 B sl | ST Sus
17.50+1.062 | 230.70+15.978 | 36.922.984 | 14.1430.939 | i g,/ st ol = | Sa
12.54%0.944 | 23369+16.048 | 22.892.423 | 19.11+1.074 | ey s,/ ot oLl = | S8
12.39+0.940 | 211.29+15518 | 35.1942.921 | 3449+1811 | i s/ Uyl Golc) o | St
5.86+0.757 _ 18.13t2.202 | 14.47+0.949 [ e wapl [ U ool = | S50
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&1 Sl

11.49+0.917 [ 330.01+18.150 [ 29.15+2.688 | 12.29t0.884 | cutal uiyall / J¥1 sl = | S0
10.00£0.812 | 279.98+15.901 | 21.97+2.231 | 13.41+0.861 V) ghsall [ ezl o S
14.54+0.993 | 189.64+14.988 | 28.07+2.644 | 8.90+0.772 ) el / el o Se3
16.21+0.945 | 204.51+13.985 | 31.17+2.560 | 13.20+0.843 U1 gisal [ el Ssa
10.38+0.817 | 185.66+13.701 | 18.72+2.075 | 14.61+1.190 ) el [ el s Ses
5.06+0.599 | 137.26+11.313 | 13.28+1.661 | 8.86:0.661 V) ghsall [ 530l o Sse
15.45+0.966 | 291.73+16.519 | 14.50+1.928 | 11.32+0.817 S il [ anall o Se7
4.33+0.570 | 177.60£12.170 | 13.08+1.635 | 9.76:0.683 U1 hsal [ AR Seg
6.34+0.683 | 136.67+12.088 | 14.09+1.802 | 6.58+0.887 Sl el [ AT Sso
12.87+0.894 | 254.53+15537 | 16.29+1.992 | 14.05+0.888 V) gisall [ Al o Seo
3.99+0669 | 116.61+12580 | 22.82¢2.353 | 11.0840.822 | 1 ipal ] duelil) copm oa | Se1
6.24+0.768 | 226.22+15.873 | 15.33+2.059 [ 2.94#0.521 | i 16, / Gl Cipm o | SB2
2.43+0.639 | 119.46+13.124 | 17.70+2.180 | 6.70+1.004 Y1 ghsall [ I Ses
16.49+1.039 | 329.26+18.135 | 40.16+3.099 | 10.21+0.817 YRR Sea
11.25+0.911 | 235.93+16.100 | 17.31+0.738 | 11.52+0.860 A8 sl | S A Ses
17.91+1.003 | 199.77+14.205 | 29.76+2.558 | 17.86+0.984 V) ghsallfebumall o Ses
9.16+0.771 | 247.16+14.859 | 24.94+2.31 | 15.82+0.909 A el / eyl Se7
17.98+1.066 | 357.05+18.584 | 27.36+2.601 | 12.86+1.222 B el [ olpmall a Ses
18.64+1.087 | 206.07+15.392 | 16.84+2.137 | 9.39+0.789 UV ghsall [ eliall o Ses
- 212.78+15.554 | 21.16+2.345 | 9.72+0.800 A sl [ etiall o S7
17.93+1.071 | 194.12+15.099 | 39.30+3.069 | 19.04+1.420 Y1 ghsall [ Gy S
15.64+1.019 | 210.55+15.500 | 39.94+3.091 | 19.12+1.422 B gsal) [ olzna) a S
9.87+0.874 | 240.41+16.203 | 26.34+2.573 | 15.23+0.970 V) isal [ il o St
17.93+1.071 | 266.54+16.795 | 37.35+2.999 | 23.59+1.182 Sl pal) [l St
15.10+0.993 | 161.03+14.061 | 29.63+2.677 | 24.63+1.193 U1 ghsall [ Cpabell o Sss
16.28+0.968 | 216.59+14.598 | 22.37+2.260 | 24.65+1.141 S sl [ Gaaledl St
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14.40+0.990 | 158.28+14.185 | 26.12+2.564 | 4.53+0.598 IV adsdll [ il o Sy
15.95+1.020 | 121.23+13.078 | 30.78+2.738 | 10.11+1.127 S sl [ S a Sts
17.44+0.977 | 123.12+12.023 | 31.06+2.56 | 12.98+0.840 I gl [ S a S7g
7.58+0.809 | 180.68+14.763 | 20.29+2.305 | 12.72+0.897 IV aisall [ el Sso
0.87+0.874 | 234.44+16.065 | 31.95+2.798 | 5.46+0.639 I adsdllf V) Augyall a Sa1
6.48+0.776 | 112.74£12.932 | 31.74+2.790 | 22.47+1516 | 1 adsal / Al Ay pl) o Sg2
8.58+0.838 | 247.13+16.357 | 25.26+2.527 | 6.04+0.977 I dsall [ BEIEN Ay al) o Sg3
10.66+0.839 | 244.35+15.313 | 17.66+£2.058 | 10.32+1.071 I gisall [ shul) o Sgs
17.89+0.992 | 213.41+14.354 | 18.53+2.067 | 10.92+0.783 I adsdl [ Blall o Sgs
8.67£0.840 | 286.70£17.237 | 19.86x2.285 | 16.51+1.345 S adsdl) [ Lalual) s Sge
8.42+0.816 | 278.35+16.735 | 19.284+2.218 | 16.03+1.306 I aisd | el a Sg7
18.11+1.049 | 246.24+15.924 | 20.9742.284 | 10.13£1.105 | jy isull [ Lol sppens)l on | S8
18.02+1.073 | 166.49+14.400 | 11.97£0.631 | 14.42+0.947 | ) aisdll [ il gyseand) o | S8
7.48+0.806 | 210.55+£15.500 | 20.94+2.335 | 15.62+0.981 I adsal) fAlaldll s Sqo
9.73+0.833 | 227.88+15.388 | 24.59+2.371 | 14.22+1.003 sl Jandll

14.8 400 30 35

[140, 124] allad) Jaxadl

il A iyl Akl dad o) ()
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U-238 (Ba/Kg)

World wide average
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Dust samples

Lilgaal) Abpaa B L)z dlai B 232 -agusill e sil) Adladl) clygica (2-4) JSil)
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K-40 (Bq/Kg)

& A Juadl)

World wide average

Specific Activity (Bq/Kg)

World wide average

Cs-137(Bq/Kg)

Specific Activity (Bq/Kg)

Dust Samples

Agilgal) Alda B L) g3l B 137 -agpiped Ao gil) Aladl) il giana (4-4) Jei
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Aliional) Jlas ) g cilaliiind) g Addlial) g gilidl)

. 1460.8(K"}

: : ! ; : : | X : | : | : ] : ; . l ; : : : - . - - : 1: '_I
11.901 keV 497 515 keV 984 531 keV 1472 949 keV 1962.290 keV
Channel: 0 Energy: 11.901 ke'Gross: MNet

Counts: 0 FWHM: Centroid

11.901 keV 497 515 keV 984 531 keV 1472 949 keV 1962.290 keV
Channel: 0 Energy: 11.901 ke'Gross: MNet:

Counts: 0 FWHM: Centroid:
(S26) LN zasald Jauall Lals dniil i (6-4) Sl
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1.298..6{Pb?12

b
LT LS
s+

11.901 keV 497 515 keV 984 531 keV 1472 949 keV 1962 290 keV
Channel: 8 Energy: 15.689 ke'Gross Met:
Counts: 0 FWHIM: Centroid:

1351.9{Ph214)

- 1460.8{K)

11.214 keV 483.371 keV 956 377 keV 1430 231 keV 1904 470 keV
Channel: 8 Energy: 14.900 ke'Gross: Net:

Counts: 0 FWHM: Centroid
(388) o) G-.{g.al:g Jaal) Lals dal 5 (8-4) Jsad)
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D)z ilall Lo lady) 5 ghadl) cOlalaa anii (2-2-4)
(Evaluation of Radiological Hazard Indices for dust Samples)

(Ragg) Al o gall) dlladl dad JB) o dasdle (Sa (2-4) Jsaall DA (0
(S sl AENl a) (Sso) zisedl (37.255Bg/kg) Lbadl zila b
¢ (V) @isdl/ JsY) @alall a) (Syo) z3saSU (101.099 Ba/kg) ded lefs
Jara o G &) i) L (66.938 Ba/kg) AslSall ol ddledl aladl Jaxall
allall Janall e J8) (46 Faalil) Adadlas — Llsall Aipne 3 LIS o500l Allad
[140, 124] (370 Ba/kg) 4slllly LSl o g0l dlladl

Ol zila 3 (D) elsed) b Aaied) desall Jaed ded JE (s
iad lefy o (S adsdll/ @l a) (Sso) s (17.250 nGy/h)
alall Jaralls ¢ (JsY) adsdll/ JoY) @alall a) (Sy) z2s2U (46.007 nGy/h)
L g slsgl) b Aaaieall dejall Jaee of o Al il L(30.928 nGy/h)
(NGy/h 55) aalldly aladl Joedl e Ji 06 Apaldl) Alsilas —  Alsl
[140, 124]

el apall Gl 8K Al dcjall Jad ded 8 LS
i@y a) (Sso) zisedU (0.0211 mSvly) sl zila & (AEDE gy
J¥) 3aball a) (Sy) z3saBU (0.0564 MSVIY) dad lefs oSG adsall/
fepall Jae o) (s D) 56 (0.0379 MSV/Y) alall Jaxdls o(JsV) adsall/
Jaall e J8 (68 Apaldl) dldlae - Aplgall Aae A )l A dlagl)
.[140, 124] (1 mSv/y) dxlldls el

& (AEDE i) 3l Gompeall 3yl Alladl) dejal) Jaead dag J8) of LS
slels ¢ (S adsall/ Aaliy) a) (Ss) zaseDl (0.084 MSV/y) sl zila
aladl Jasally ((JsY) aisall/ Js¥) Galiall 2) (Sy9) 735U (0.225 MSV/y) dad
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e & A0 D) Alldll dejal) Jaee o) pd Al 5l (0.151 mSvly)
(1 mSvly) Zalully alall Jaeadl e J8) (6 Lpwaldll dladlas — gl
.[140, 124]

735U (0.100) JLad) zilas (4 (Hey) salad) syshaall Jial dag J8) o) LS
) (S19) 72D (0.273) dad lely oS0 adsall/ Aalel o) (Sso)
Ay Jara ) s Al 361 (0.180) aledl Jaxally ¢ (JsY) @disall/ Js¥1 3abiall
bl Jondl e i 058y Aldl) ddadlae — dglpall Lae & a8l 55kl
[140, 124] (1) 4,

z35aU (0.118) Llall z3li 3 (Hip) Aslall 3yshall Jilal 2 Ji s
&) (S40) sl (0.366) dad ey oSG adsall/ Zald) 2) (Sso)
Jame o)) o Al 20 L(0.219) aladl Jaxdlly ¢ (JsY) aisall/ Js¥) Galall
el Janad) e J8 ()6 Lpuanlal) Asblas — Zalpall dipae & a1l 5y5haal) Ji
[140, 124] (1) 4,

z25a00 (0.275) ksl zilas & (L) LIS 2ty 3y5haall il el J81 ) LS
<) (Suo) zise (0.722) i ey oSG adsall/ dels) a) (Sso)
5yshaall Jila ol G Adlal) 31 (0.492) aladl Jaxalls o(JsY) adsall/ Y1 Galiall
Aadllly allad)l Jamad) (o J8l (06 Apunlil) Aailae — pall Aiae & LS dadd
[140, 124] (1)
il 4 LelaiV) 5yshdll Ciise Gl mag (15-4) I (9-4) (e JISEY)
- Al Anae 8 )lall
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&1 Suat

b Auciaall Ao ) Janage ABISaY agaalyl) Adlad) Lo lady) 5y ghadll cilalaa (2-4) Jgiad

Oilage a0ty aslall §)shal) Jlage Al aglal) (el £giad) Alladl Ao jaliges log)
 Agilgaall Aipaal LAY zilal b (LalS Y §)ghal)

Hazard

AEDE (mSvly)

D

Raeq

Index (nGy/h) | (Ba/Kg) A e 2

oY)

Mo | Hoe | In | Out z

0.554 | 0.243 | 0.201 | 0.170| 0.0427| 34.852| 74.606 30 iy | Alad 5,
0.656 | 0.300] 0.240 | 0.203 | 0.0507 | 41.385| 89.146 8 g [ i) S
0703 0326 0258 | 0218 | 0.0545| 44441 95.801 I iy | D S
0510 0.223| 0.187 | 0.156 | 0.0391| 31.944| 69428 O i ] o) 3
0352 0.160] 0.129| 0.100| 0.0272| 22227| 47.867 0 g [ ) S
0.448 | 0.214| 0.163 | 0.140 | 0.0350 | 28571| 60619 ) i ] 551 S
0479|0212 | 0174 | 0.148 | 0.0370| 30201| 64447 I iy | ) 5,
0530 0.232| 0.195 | 0.162| 0.0406| 33.138| 72439 8 g [ o) S
0435 0.181] 0.158 | 0.133| 0.0332| 27.146| 56,539 0 iy [ b = 5
0510 0.230| 0.188 | 0.157| 0.0393| 32073| 69.716 0, [ o) 510
0506 | 0.252| 0.200 | 0.169| 00423 34532| 74180| Uy, /ol sl m | Sa
0414|076 | 0.047| 0127 | 0.0319| 26.057| 54604 i a0/ il o m | S2
0383 0.155] 0.137| 0.117| 00293| 23.933| 50.755 I 5 [ o 5
05260239 | 0.103| 0162 | 0.0405| 33.008] 71803|  ni sy [ 0 o n | Si
0.355 | 0.144| 0.128 | 0.108| 00271 22108| 4T662| i g,/ it 5o ~ | S
0432|0199 | 0.158| 0134 | 0.0335| 27354| 58.738| Uyl il [ oyl oo Sto
0587 0266 0216 | 0.181| 0.0453| 36.985| 80.206 O iy [ ) S
0.305 | 0169 | 0.142 | 0121 | 0.0304| 24812| 52947| g sipd ] i) el | S
0.448 | 0.215| 0.166 | 0.130| 00348 28.426| 61580 | it wipdl | oo ) om | S8
0497|0217 0.182| 0.152| 0.0381| 3L10L| 67.669 ) i ] s o S
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0.563] 0.251] 0.206 | 0.173| 0.0433| 35.357| 76.628 S g5l [ 5o Sn
0.52610.229]1 0.192] 0.161| 0.0404| 32.963 71.229 OV gisall [ dumgdll a S»
0.369 | 0.157 ] 0.132 | 0.114 | 0.0285| 23.241| 48.931 S sl / Angdl o Sx
0.549] 0.255] 0.204[ 0.169 | 0.0424| 34.624| 75.803 A g5l [ Aumgdl s Sy
0.440| 0.197 ] 0.160 | 0.135| 0.0330| 27.721| 59.472 I adsdl [ LY o~ Sy
0.494]0.206 | 0.180 | 0.151 | 0.0377| 30.785| 66.757 IV aisall [ ) o Sy
0.480] 0.208] 0.174 0.147| 0.0369| 30.118| 64.667 S s [ ) Sy
0509 0.295[ 0.193 [ 0.163 | 0.0407| 33250 71526 IV adsall [ Gall Sas
0.570] 0.243] 0.209| 0.174| 0.0436| 35588 77.497 IV adsall [ Daedl o Syo
0.412]0.177] 0.154 | 0.125| 0.0314| 25.630| 57.150 S gl [ Daell o S3o
0.513]0.222 ] 0.186 0.158 | 0.0395| 32.236 68.966 I gigall [ gpumnll Sa1
0.57210.290| 0.214]1 0.179| 0.0448| 36.540 79.367 I adsall [ dayill s Sz
0.6051 0.252 ] 0.225] 0.183| 0.0459| 37.451 83.476 S gl [ Ayl s Sa3
0.440| 0.207 | 0.161] 0.137 | 0.0342| 27.942 59.646 I adsall [ siall a Sz
0.543] 0.275] 0.200 | 0.171| 0.0428 | 34.896| 74.090 S g5 [ Cosiadl o Sss
0.548 | 0.246| 0.200| 0.169| 0.0423| 34.543 74.121 O adsall [ CplEll s S36
0.465[ 0.193] 0.166 | 0.142| 0.0357| 29.116| 61.732 ISV adsall [ sl o Ss7
0.541]0.248 | 0.203 ] 0.166 | 0.0415| 33.904 75.307 S sl [ shasl) o S3s
0.631 0.266 ] 0.233] 0.192| 0.0481| 39.252 86.286 I gisall [ ol s Sz
0.52210.207] 0.191] 0.157] 0.0394| 32.199 70.852 O gdsall [ cpidagall o Sio
0.571]0.242]1 0.211 | 0.174| 0.0435| 35.533| 78.256 S adsdl [ cpiligal o Su
0.606 | 0.276 | 0.223 ] 0.187| 0.0468| 38.218 82.778 I sl [ ) S
0.53110.216] 0.193] 0.161| 0.0404| 32.963 71.638 I gisall [ slagl) o Su3
0.589 | 0.250] 0.215[ 0.180| 0.0451| 36.774| 79.753 IV adsall | ) o Su
0.420| 0.182] 0.151| 0.129| 0.0324| 26.423| 56.000 R R Sus
0.458 | 0.203] 0.168 0.140 | 0.0352| 28.726 | 62.541 B gipall [ SN A Sus
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0.617| 0.267 | 0.228 | 0.188| 0.0471| 38.460| 84.716 I adsdl | ) Golall o S47
0.512(0.240| 0.188{ 0.158 [ 0.0397 [ 32403 | 69.845[ e xau / il gobal | S48
23 ) e ) ) e
0.545(0231]0.192{ 0.168 | 0.0421| 34.362( 71286| s aisall / Js¥I Gyolcll o S
0.593|0.247 ] 0.214 | 0.181| 0.0454| 37.047| 79.388 A gl [ JSY) oball o Ss;
0.495] 0.215] 0.179| 0.152 | 0.0382| 31.147| 66.402 IV adsall | ezl o S
0.466 ] 0.195] 0.171| 0.142| 0.0355| 28.977| 63.650 S iyl [ el s Sss
0.536|0.234] 0.198 | 0.164 | 0.0410| 33.455 73.526 I gisall [ el a S5y
0.408 | 0.189] 0.150] 0.126 | 0.0316| 25.804 55.689 S gl [ el Sss
0.283] 0.127| 0.103 ] 0.087| 0.0218| 17.846 38.438 I sl [ saall & Sse
0.415|0.178] 0.147 [ 0.128 | 0.0321| 26.215| 54.665 S sl / Baaall o Ss;
0.314] 0.140| 0.113] 0.097 | 0.0243| 19.822 42.156 I @dsall [ Aalsiy) Ssg
0.275] 0.118 0.100 | 0.084| 0.0211| 17.250| 37.255 S g5l [ Rl A Sso
0.426 1 0.191] 0.153] 0.132| 0.0330| 26.948 56.952 I sl [ AalSH a Seo
0.379]0.172] 0.142 | 0.116 | 0.0291| 23.770| 52.704 I aisd) [ duall) Gigen a Se1
0.323] 0.122] 0.114]1 0.098 | 0.0246 | 20.057 42.294 Sl adsal) [ Lpalil) Crgamn o Se2
0.301]0.129] 0.111 | 0.092| 0.0230| 18.773| 41.222 I adsdll [ JISH A Sea
0.689] 0.278 ] 0.251] 0.209| 0.0523| 42.709 93.004 Sl adsall /SN Ses
0.407|0.178] 0.147 [ 0.125| 0.0314| 25.619| 54.448 A gl [ VI o Ses
0.549] 0.253] 0.204 1 0.169| 0.0423| 34.561 75.809 I adsa fspadll a See
0.519]10.233] 0.190] 0.160| 0.0400| 32.683 70.524 Sl gl [ shumall s Se7
0.597]0.249| 0.2141 0.183| 0.0458| 37.364 79.496 Gl gdgall [ ehpadll s Ses
0.368 | 0.158 | 0.133] 0.113| 0.0283| 23.107 49.348 IV gisall [ eliall Se9
0.418| 0.178 0.152] 0.128 | 0.0320| 26.147| 56.370 ) adsal) [ eliall o S
0.649] 0.295] 0.243]1 0.199| 0.0498 | 40.632 90.195 I gisall [ Glngy o St
0.667 | 0.301] 0.249]1 0.204 | 0.0512| 41.746 92.467 S adsd) [ liaay o S
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0.525[ 0.234[ 0.192] 0.161| 0.0404| 32.978| 71.425 ISV adsall [ i)l Ss
0.708 | 0.327[ 0.263 0.218 | 0.0546| 44.581| 97.543 S sl [ ) s Suu
0.567 [ 0.281] 0.214] 0.176 | 0.0441| 35998 | 79.417 ISV aisall [ paladl Ss
0.532 0.264 [ 0.198| 0.166 | 0.0416| 33.935| 73.324 S gi5al [ pelaall St
0.397[ 0.158 [ 0.146 | 0.120 | 0.0300| 24.477| 54.086 ISV sl [ S5 A Sy
0.456 | 0.198 [ 0.171] 0.138 | 0.0347| 28.325| 63.478 S sl [ i s Sts
0.479]0.215[ 0.180 | 0.146 | 0.0366| 29.897| 66.889 G sl [ ) A Ste
0.408 | 0.184 [ 0.150| 0.125| 0.0314| 25.674| 55.666 IV adsall [ Agylial a S
0.512[ 0.201[ 0.186 | 0.155 | 0.0387| 31.603| 69.216 ISV asallf IV s yal) o Sa1
0.542(0.267]0.206 0.168 | 0.0420 [ 34.259 [  76.553 [ 3y pull / sl dpsyall o Se>
0.4570.181[ 0.165] 0.139| 0.0347| 28.360| 61.207 I sl [ 20 Ayl o Ses
0.408 | 0.174[ 0.146 | 0.125| 0.0314| 25.633| 54.409 IV sl [ sl o Ses
0.400 [ 0.174[ 0.145] 0.123| 0.0308| 25.142| 53.865 IV adsall [ LU s Sas
0.499 0.225[ 0.180 0.154 | 0.0387| 31.583| 66.997 ) sl [ Ll Ses
0.485[ 0.218[ 0.175] 0.150 | 0.0376 | 30.663| 65.046 IV adsall | (peliial o Se7
04410186 0.159[ 0.135| 0.0338 | 27.619| 59.089 [ 1 xisal / Lusll cpsendl o= | S8
0.326  0.158 0.119{ 0.102 0.0255| 20.840 | 44.370[ e gipul / il yseend oo | S0
0.453] 0.209[ 0.166 [ 0.140| 0.0351 28.649| 61.788 IV sl [Adaldll o Seo
0.492] 0219 0.180] 0.151 | 0.0379| 30.928| 66.938 Jaedll
1 1 1 1 1 55 370 [ 140,124 ] allall Jocal

L kel e lesY) 3yl iyt ded o) (0
- lall ety 5yphal) cpdga e B ——
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Raeq (Bq/kg)

200 | World wide average
370
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Radium Equivalent Activity (Bgq/Kg)
101.099
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Dust Samples
.:\,3.1'\\9,34.“ 3\.’:,3& ‘_,ﬁ Jlaad) GSM gﬁ (Raeq) 4581l ?ﬁdw Z\,\Jhs Gl ghasa (9-4)M\

D, (nGy/h)
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60 World wide average
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dsa B Ll zilad & (Dy) slsgd) 2 dataall dojall Jare cilysinas (10-4) JS
A gl

89



Aliional) Jlas ) g cilaliiind) g Addlial) g gilidl) & A Juadl)

(AEDE)out (mSv/y)
World wide average
1
0.9
u
2= 08
e
o a o7
5 E
— = 06
g £
J g
t= 0.5
aq 2
5 & 04
o w
T Y o3
éa
0.2 =
2 o
0.1 a g
0
FF RS23RN RERENEI 2R RREBRERREERY B
LT T T T T T T TR LT T T - T T O T L T T T T T O T TR - T T TR T T T B 7 Y}
Dust Samples

gl b (AEDE gy¢) sl pamill ygiadl Alladl) depal Jona cilygiona (11-4) JS&)
Al Aigsa b Ll

(AEDE)in (mSv/y)

World wide average
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0.225

Indeor Annual Effective Dose
084

Equivalent (mSv/y)

51
54
57
510
513
516
519
522
525
528
531
534
537
540
543
546
549
552
555
558
561
564
567
570
573
576
579
582
S85
S88

gilai i (AEDE 1y) I Gapill 4ygind) Alladl) dejal) Jona clysions (12-4) JSi
Al Aigsa b L)
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World wide average

External Hazard Index

Dust Samples

Al s LAY £ 3kl (B (Ho) Al 55080 Jd cilsicus (13-4) JSail

Hin World wide average
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0.5

0.366

0.4

Internal Hazard Index

Dust Samples

Ailaal) Agaa B LY zilad B (Hip) A0 8y5hal) July cilysic (14-4) S8
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IY World wide average
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Gamma Radiation Level Index

0.1

Dust Samples

Lailgaal) Aiaa A L) ilad B (1) Lals AndY 5)ghadl) Jls cilygioua (15-4) Joil)

AL yualinlly Ayl (ool 805 laa (3-4)

(Calculation of concentrations of clay minerals and heavy
metals)

DL g ilad b Al by Al cpalaal) dped luaa (1-3-4)

(Calculation of the percentage of clay and non-clay minerals in
dust Samples)

) dihie zala Gand sl eaal)l Jiaill e lggle Jpeanl) & ) gt o
boin z3ladll S5 A iyl elaV¥1 oo (Silt) gaalls (Sand) ol ehal o) s
Jarays (30% - 72%) Ja)ll elin) L #olsii Cum (il saalsi )5Sy (Clay) o) ¢l
sl Cplal) i L) ¢ (3796) Janess (249% -56%) oppad) duwsi sl L ¢ (55.419%)
ciiall e @il HlAL Zilall aase ol (8.25%) Jaas (2% - 14%)
Crms (16-4) JRal A WS (Sandy Silt) caiall fea culS e 45 (Silty Sand)
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Aliional) Jlas ) g cilaliiind) g Addlial) g gilidl) & A Juadl)

Coalsall Ul depuy Bk aciad aal) gasall Jdaill (e lde Ulan ) it
olly cypidly Jlag) Jadiy Zblal pulpall 8 Al bl (e il Jaa (3l i)

S Sand sand
¢S Clayey sand
mS Muddy sand "x 100
siS Silty sand
sC Sandy clay
sM Sandy mud
sSi Sandy silt
C Clay
M Mud

Si Silt

@ Samples Number

v 4 4 L4 L4 r 4 14 4 v e D
Clay 0 10 20 30 40 S0 20 70 a0 90 100 Silt

[141] JLa) gils Ciiuas (16-4) JSi
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lgdiials (anadl Jaladl) milii (3-4) Jgaadl

&1 Sl

Sample Sand% Silt% Clay% Classification
S; 45 50 5 Sandy Silt
S; 64 34 2 Silty Sand
S3 54 32 14 Silty Sand
Sy 56 35 8 Silty Sand
S5 30 56 14 Sandy Silt
Se 68 29 4 Silty Sand
S; 64 28 6 Silty Sand
Sg 72 24 4 Silty Sand
Sy 30 56 14 Sandy Silt
S 56 36 8 Silty Sand
Su 66 32 12 Silty Sand
S 60 32 8 Silty Sand
Min 30 24
Mix 72 56 14
Average 55.41 37.0 8.25

dgen Ayl Qs 23 Gyl Cus Ahall e Caleall Gasily ud X LS
Auhall a8 3halie (e lite sl 120 LSl dadall e galaad) o Al 2y
5 obedldll 5 Sl 5 5515 sl (507 -2°) 00 20 530 (b leand g5a
slisall zilall Gand (18-4) 5 (17-4) JSal 3 cpe WS sl e cylagial
sad AoV 5yl Gama ) aags Al e Galaall (adli gya AL Al Akl
) 3230 Cun e agly (29.5° ¢ 26° ¢ 667 ¢ 21%) LK) Uy die yelay
CHSaN) Ulghs Sl aes sela e Shmd (11.8°%) (ulSed) Gygly diejels (g3
Sl W) v Culegdpally Wl aee e S sedss (28.0% 27.5°)
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&1 Sl

Aliional) Jlas ) g cilaliiind) g Addlial) g gilidl)

Cownls

il R

HOF Reducer Dermo

Q+C
Q+C

Q: Quartz
C: calcite
F: Feldspar
G: Gypsum

¥ L T
an P

¥
oo

Auhall dhaia A (1 ad) 7 igal) sl dadN) Aada (17-4) Joil)

Comts

!uﬁ.illuuh?}ﬁlrlln.ﬁ[?.u

1] 0 -]
i.rl.r|I.-h|-|.|lu|ﬂ“:.rul.||.||.|-|I.|r.||hrl.||

o

nh..l..h‘lﬁj.ﬂ-nl.-n

L [

Ouartz

: calcite
: Dolomite

Feldspar

D GEypsum

FPOF Rapsucan e

F
Q D Q+C
Q+C
_'1 t--: il L..Ll. " L A B
" ” 2 - o sl i = - S N -
g - E o - =1 =1

Lufl) dihia b (8 o) 7 igal) L) Aad) inia (18-4) Jeil
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Sl alaie YU sliad) GhUdl el 2l b skl oledl pady S & LS
a5 (20-4) 5 (19-4) Jsally [100, 99,98] e IS 83edll dpae ) ilialSasy)
Ay aleall

& ol e e 230 (Palygorskite  minerals) culSan gdldl gaza 2 Yy
el Sy G ehas (10.5 A%) (20) dughll aie Jo¥) sl GalSasy)
OBV Ay zasal dllae e el 1 clulSas) s Y o (6.4 A%
(10 A%) I GlSadl) Coaty (¢ 9550) ba Aaps Y aniis vie oKl JEDIS
o a 5) Jsan aie ga slall N8 Aagn Aiaye s AR CLllSai) 48 aals

L o) 13 S

Sy 4 gamall a0 e @ (Kaolinite Minerals)  culislgylsl) Gara @ Ll
1 clalSasl it Y« (d-7.1A°%) dilaass (12.4 A%) (20) dugly 2ie J5¥) (sac
ha Aoy G anas wie (Sl JSOS i)l masaill dldlas 2o x4l
Al Aell lail @llyy ueall 3¢ Bheall CilulSad) iy abati (o 9550 )
us elall (a8 ad Juany (53ly Cuh) I (ana (e ojadi Bhaall 0205 [143,99]

¢ ae 84

Ol 138 jud oS4l (Montmorillonite Mineral ) culislh ) saiisal) Gaea @ GG
Slan (5.5A% il paclEll LulSails (8.5 A% Sl gae ) Luai) Guli) e
Sl CulyglSll Hama e plaiiall pe LehaBEAY @lldg als jue 434S Jg¥) gaclall (gl
G deadd culisllyaaiigd) Jo¥) saeldl) LulSai) Siay JsSOIS iYL Al e
o ey (14 A% s e cul gl e lSas) Gin o i (16.3 AD)
Joil (alSai¥) 505 27 ailihs G sasasall oLl Cilipa Calislly) oati pall 388 73 el

. AN e GelSal a5 (10 A L
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il gindl el 1 Gass : (Chlorite Mineral ) cusls cana @ lag,
LSy o3a it Yy ¢ S gaelill gsindl & (6.1A%) 5 (123 A% xe JV)
S8 B2 30l el Alee sap Lain JSOIS VL z3sail Alabee die
- dgY) el

gelall ulSaty) 4 GV pan i (K4l ¢ (Illite Mineral) ¥ Gaza @ Laald
LSy saa il Yy (BAY) JB saelll LS 3 el WS (10A%) JsY)
Lol Yy JSDS iV lay

Chlorits — ) cylislly jsaiigall — cul)lS Aaiilal) & Adalidal) L) cilidal) @ Ludlu
Js¥) gaeldll gousal & alaall 038 Hnd &5 ¢ (Montmorllonite Mixed Layers
 (12.3A% e

1H {Coupled TwoTheta/Theta)

200 Mo. Mo. : Montmorillonite
3 Ch. : Chlorite
oo P P :Palvgorskite
Im'_. I :1te
Ka.: Kaolinite
o = Normal
.' s E thylene Glveol
w0 — Heat350C

ek rrrhr e e e e T e T T T [ T T e T T ey
0 10 11 17 123 H 1] LL] 17

2Thota (Coupled TwoTheta/Theta) Wi=1.34060

Al dihia B (1 ad) zigad) ASH zigaill Apbiad) dadY) Aada (19-4) JSi)
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8H (Coupled TwoTheta/Theta)

12003 Mo. : Montmorillonite
To0s Ch. : Chlorite
: P :Palygorskite
000= I :llte
z Ka.: Kaolinite
000 w—  Normal
=== FEthyleneGlycol

oo - —— Heat350C

predeprrvireeee L LRLts A B RLLLe RLLLt R L Lt SRRay SAR TR PR prrerreees ey reerivees
v 10 " 12 AE] 14 " 18 " 1" 20

dAual) dhaia A (8 ad) zisal) A 7 igaill Lbd) A0 Aada (20-4) Jed)

Al ddhie zilad ez (B daddally bl Galeell Abastiall oG
Oolas il sl uligllyy paipally CulyslSly Yl CulSusilll) Golae
e Ui sl aeay Golaall 038 png . CulyglS — Culigll paiige Abal il
¢ Cold 5N alae Wasas Ao Jug 4l Hauall Lia sae  olas (e chdidl Ll
— yliglly paipall ALBRA Galadly Culglly Sl olee 3y o LS
Sreat Gaale el Gy Ll Al il o) Lle Lo S aey <l
Ugaiall Heauall & Galeall 038 jaime S o 40lSa) 2gag e Db ¢ Galaall oda
YY) alae dga g P e

(Detrital) gkl JaVl Jich sed Al cobeadl S8 JadU daally W
Aol bl — gl ediigall (alaay Aiaially dpdall Calaall alaee 2520 4l
candl Il Bhlie o clin 8 Ll cpld sl galea e Db dpulal)
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ddhia milad amy A gledll e A Al dpulall alaall 238 25ag o)
oball 138 ¥ Ll ae ddliae (glalia (e Jgiie Lehal galeall 028 o e Jay Sl

dahie oo sam Sl I Ls ol ~ L) ae Jim Ll Ayl )5S0 die s dabiall
QA Oe e oo Dle s plsdll Jle Gl aedy LN Sl die iy juadll
S Apall ehaallS dyghaia Bhlie (o lehal lgie aud 3ae jalas e dsie
Al ddadlaa lgiey Ghall dawy clladlae o jigh Alls Al Caalsal) lgie gl
Elod) haliay ddlide dnsl i CliysSioae o (585 ¢ hauall o2 Gl Cag prall (40 3
Aibiae dide oplee i (sS Leke Agiiall Bl Gl 3gly dely) 3k, (sabkha)
Alia Lagls « s oSl (A& iy il Caalsad) ae Jaig sae jalias (e
e Jladisladl e @hadl o g Al lsad) Jso Wjaiae Laalil 4le Caalse
oxae dlia o LS dlgsi vie lall gaadl a5 A by [144] 858 @siag
OLBYL el Jle g5 slaall ddlisd) bl Chlae 4 aalid L sa aga A
bie (o Jsliey alite LlY) o2 jauae (5 Ally Aaall W) pe oLl ddlia)
Al oabY) sy oo glslll Hle g3l AV Haad) ¢ ddlia Cliliayy (3hali
Ada)ly plslll (Ao dnnsis el Cpill e and J85 F Ll s e Adadlall

LAl

ALE ualiadl 5805 Gl (2-3-4)
(Calculation the concentrations of heavy metals)

e 4 (Fe, Ni, Cu, Zn, Cd, pb, Co) déillpaliall 385 Glua &
(4-4) Jsaalls (Spectro - 2010) g5 XRF Slea aladinly duhall Glaliad sl

.:\..uzb.ﬂ\ élat.mj &)\}Cﬂ\ JLK: L;A J.».a\.uj\ Y ).\qu C_a.ay

99



Aliional) Jlas ) g cilaliiind) g Addlial) g gilidl) &l Sl

ALEN pualinll (aamy 580 55 Agd Lol ga Al Al (ahalial L) gz dlall (ileasst) Jaladil) il (4-4) J gand)

iy

(Ppm) 8352
Samples| Pb Fe Co Ni Cu Zn Cd
S, 41.864 | 7924.0 | 2.448 [ 49.000 | 16.111 | 84782 | 2
S, 29.425 | 99925 | 2.448 | 65.227 | 15.917 | 53.804 | 2
S 18.843 | 87465 | 2.448 | 3627 | 17.915 [ 70304 [ 2
S, 20.421 [ 75635 | 2.448 | 45.945 [ 14.306 | 51.295 | 2
Ss 27.476 _ 28.935 [104.347] 2
Se 32.767 | 91455 | 2.448 | 54.472 [ 15.080 [ 58.500 [ 2
S, 15.780 | 171255 | 9.983 | 98.572 | 16.368 | 57.260 | 2
S 37.037 [ 9772.0 | 2.448 [ 59500 [ 23.973 [ 75.978 | 2
S 64.884 [ 104125 2.448 | 64527 | 24553 | 74.021 | 2
S1o -| 11952.5| 2.448 | 67.645 | 51.813 -Z
Sit 50.496 | 9877.0 | 2.448 | 56.063 | 17.722 | 57.000 [ 2
S1 37.594 [ 12687.5| 2.448 | 82.281 - 85.630 | 2
Average 39.558 | 11134.4| 3.804 | 65.158 | 30.428 | 74.380 | 2
World average 10 | 38000 8 40 30 50 | 0.06

paba)ll jaie 5850 ded J8 CulS ) ¢ Adline S Ciyels SlesSl Julal) A0

dib ded et W) o (aydll s 3) (S7) z3saN) 4 (15.780 ppm) & Ll 7kl
i Wiy ¢ (shamdll s — il o5l 3) (Spo) zisal) & (98.116 ppm) <l
O Cray Algall dae (Blalie (and g)ledll Hle b pala)ll jaie 585 alall Jaxdll
3 pala)l 385 o aay a8 _adlel) Jaeally Lgiylia aic s (39.558 ppm) dllall dud )
[143] (10 ppm) Hldls Lsla e 4355 & aba)ll jaic 585 ekl giual 5las
a8 dylgall Aiae Bhalie Gl & )lsdll Hle zilei A aaall jaie 5850 ded Ji) L
SA dad o) caly WS ¢ (sl s B) (Sy) zis¥ A (7563.5 ppm) <l
S5 aladl Jaedd) Wl ¢ (asiadl o 8) (Ss) zasad¥) 8 (18413.5 ppm) wasll yeaic
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Ay Lalle 43 Jsiall 0l (e J8 4 Jeks 85 (111344 ppm) &l s wal) jeaic
. [145] (38000 ppm)

z3i sae 8 (2.448ppm) il Lall milal bl aie 35 ded J8 )
23sa] b el 8 dad el W ¢ (S1, Sy, S5, 54, S6, s, Se, Si0, Sut,S12)
e 351 Al Jaeal) Al Leiw ¢ (11176 ppm) <l S8y (gl a8 (Ss)
Al bl ey Aalpall Abse Ghle gamad gl e B ol
sl Gaa Gl peaie 385 of ang 2 allall Jaaally gilie xics (3.804 ppm)
 [145] (8 ppm) &dls Bsle e i b LS e S5 ekl

z3sall 3 (3.627 ppm) sl zila b JSall jeaie 35 ded J8) caly LS
(Ss) zas¥) 3 (135.036 ppm) Aed Jef cul€ Laiw ¢ (Js¥) jaall & 4) (Sy)
A shlie (and g)lsdll Hle & Sl eaie S5 alall Jasddl Ll ¢ (siadl o 9)
i 385 o aag a8 allall Jasddl gilie dics (65.158 ppm) oS a8 Al
(40 ppm) Mully Ggle ye 435 & Sl jaie HSHA oaplall (gl Hglad 28 ISl
. [145]
& (14.306 ppm) il 8 jlall zila A (ulaill paie €Al ded J8 o) aay
(S12) z3saN) i (122.444 ppm) ded e} cuil€ Ly ¢ (32550 o 3) (Sy) zisadV]
oard glsdll jle 4 (uladll paie S5 alall Jaxall Ll ¢ (Bl )50l (& )
S5 o) an a8 alladl Jaeally Ll 2ic s (30.428 ppm) oS a8 dlgall Aiae (3halic
. [145] (30 ppm) &llly Lsle ye 453 (& aphall olsise G Lyl OIS el puaic
(S4) zas¥) A (51.195 ppm) als B clill jpaic 3850 dad Ji) O o) 225 LS

> &) (S10) zisa¥) 4 (119.739 ppm) dad el colS Law (32l (o )
e (3hlie Gand golsdll e il 8 il paie €5 Alal) Jaedd) Ll ¢ (o)l
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i3l yeaic 35 o) aag a8 alladl Jaeally L lie 2ics (74.380 ppm) oIS i d) )
. [145] (50 ppm) aldls Lsle e 4355 (8 andall olgisee j5las 28

dadl lgi)lee vies learan Ll z3lall (2 ppm) @l 388 o spealSll joaie 585 L
. [145] (0.06 ppm) allls &sle ye 4l oandall (gsinall o Jol L) aag 28 alladl

O 2 (4-3) Jsaall 8 LS (9 aY) cluhall 23l ae dllad) duhall il 45)lie i
(2014) ldadl aabl duhy (e et culS Al Auhall & A& calaall 385 (g5
QoAls Saeedi auby [65] dars A (2008) (s aly Gldadl dulyag [61] S S 4
i oS5y [147] Gadlayy b (2014) ospals Zakir 4wl [146] oheb 3 (2012)
Rasmussen 5 [148] Lyss & (2014) os)aly shinggu e JS il (e 45léte
o AN bl 515 50l b el Cundl aays ¢ [149] 12 8 (2001) o5 AYs
G Cpal s lahall e aaal) 455S) 2 WY 1aag Ay pall WG Balyy ) g olall e
gLl jle 8 A& bl o) < Alls ([152,151,150, 62] Al (e ddbide glaly
Gl 3sagy Gamall eliall Ll Cualy LS . clS pall 4y 5all 230D 30l 5 WS 5 alay
Gl [ 154,153,147] A& Galaall 3815 0l (8 1)L bss @ohall oaila o dl5dal)
o2 Juai O (N Adline 5155 Auhall dahie g)led jle (8 ALEN Galaal) aalg a3
Sl e dmbll pobeddl ALE (dals Gl deelll eha¥) b Sl jalial)
OS5 siae Jame miag (27-4) I (21-4) e JSEY) ¢ Adlina culaay AL aledl)
Sluhyally allall Jarally Lgijiay (Ph, Fe, Co, Ni, Cu, Zn, Cd) i@l jalial
- AL
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Aliional) Jlas ) g cilaliiind) g Addlial) g gilidl)

&1 Sl

Jora a4y L) dlial g sl L B (PPM) ALE leal) 5505 Jona (5-4) Jsaad

SAY) claal
Cd Zn Cu Ni Co Fe Pb il al
(ppm) |(Ppm)  [ppm) |(epm) |(ppm) [ (ppm) (ppm)
2 74.380 | 30.428 | 65.158 | 3.804 | 11134.4 | 39.558 (2017) Adlal) )l
0.04 1.99 1.02 - 0.655 205.95 1.44 [61]
2.05 [235.25 160.71 - 11.437 | 805.81 128.43 [65]
10.7 837.2 |225.3 - - 47935.7 275.4 [146]
0.38 [163.28 ]42.34 - - - - [147]
0.48 [125.74 |28.97 - ND 3460 47.50 [148]
0.37 1125 165.84 | 15.2 8.31 - - [149]
0.06 50 30 40 8 38000 10 [145] aladl Jaxal
aie i 2y Wl ND
300
270
240
210
180
150
120
a0
&0
L 3
0 — — ps— -_-\
Se3hS s -gieh - B - P P ok
S g S eDAE L e Adan
["\.'I] ['\2] ['If.'-u] ['If.\'] ['If.-n'\.] ['If.‘.] [\f,b]

Adglal) clually eallal) Janally 458ag (Ph) pabayl) pais 3855 Jana (21-4) Jeid)

e
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-l A - dlang - el - L - tJLUn d.ul).ﬁlu ,_j.u.d'«
Jl,jl Jlﬁjl T ‘_FJ:‘-‘I-I-I '|_|‘H;_|_| Aflait
[*"] [*#] [*£9] [*£Y] [Y£4] [‘lf.’.] [‘lin]

Aglad) claally pallad) Janally 4lijiag (Fe) yial) jais 385 Jna (22-4) JSi

12

10

e P -y - Ok - L8 Yy - iglagh F Jaaall
Al Al b el L pead [ aallall radlall
[‘I.‘I] [‘I.B] [‘It‘l.] [‘It\'] [11..-\] [11.‘.] [‘Ii-ﬂ]

Ayl ciladally allall Janally Afijliag (CO) calysSl juaie 3855 Jana (23-4) JS&
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(ppm) Jsll pais S 5 Jara

0
60
50
40
30
20
10
0
] . e e e
-elk £ - dhary -k - 'IJLIJ'l d..;.,n,..ﬁ'. ‘_j.u.,.in
il il bt adslag Ll_u;u.n Addladt
[ [] [Y£9] [Y¢¥] [Y£4] ['lf.".] ['lf.#]

Adslal) cilually eallad) Janally 45Eag (Ni) JSiil) paic 385 Jana (24-4) Jeid)

(ppm) sl pais 5.8 3 Jaza
240
210
180
150
120
o0
60
30
]
T
CES -l Qe -8 -¥e o - uhg AwLd e
'l gl b Rl Ljsad g Adlad) ralialt
SO TEAC B ES N (P RN TP (P [e]

Ayl claaally allal) Jarally Aijliag (CU) (uladll jaie 3855 Jana (25-4) JS

e
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(ppm) i3l pais S 3 Jana

200

150

100

50

1]
T

.—.—.—.—-\

- et - Sl - Ok - =Y - g Ao jalh el
Sl S bt el L lag Aflalt eradiall
[*1 [*=] [*£5] [Y£v] [Yea] [Y£3] [Y£2]

Adglal) cilually allal) Jamally 45jEag (ZN) ifl) paie 3855 Jana (26-4) Jeid)

(ppm) el pais 58 5 Jara

12

10

8

&

]

2

AN T a .—\
T S P YR SEPEPI W s
R B S S IR Wer TR AT
SO AC TN (S B (TR TP R X oo

Adlad) clually allall Janally Aliliag (Cd) agsadlsl) pais 385 Jira (27-4) JSi
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(The Conclusions) wlabisiuy) (4-4)

ASys Ao selaid) sl g3l el eaad) (Matl (e Al gl -1
Aol Ailas — Al Aine b AR e (n Caren (lly Dlanlly b
M — Aulay o Al Filie 3 med L) Sl e ) e
) ey Ll e adies el Sl o3 (Sandy Silt) culal e i ae
Aanal el o3 g2 Ll 535 3ally AL

i) Aad¥) dgs Gpb oo AL Aukall calaa) gl Je Jgaall 5 LS-2
ay laplas (e Agiie 8 L) ¢ ddlide 5 Galaall 228 Haas ol ((XRD)
aas 5 il shaaaly Gngdpall ClissSl L ad) i Al dglee
Cun Wygye ol sl o3 353 A LSl Dlae g s (S (pe i
Al il Gl e lsal) Uss e Alsiie JLinl ) gl G e o
Bl pils o iy Gl e cagh Al Al

o) um Laoal Rl aciad Ayl dikaie z3la 8 ALENS i)l pealiall 35m5 -3
oo Aalidal) Lagdandl Gl Sl e e jalias (e Wl ddlidal)  paliall 228 Jual
ilaie I jaeadl Ailaie (50 Basns il LS 3 20 ko dpadll Jlse (35
D) iy elin SA) iae dllin o) L Lo Cum 2Ll (g o8 gl
e lially el 3l @Y1 Slases 35850 By oledl eaas aibiad) clilie Ji
Alins ¢ ) G o iy W o aliall ol 53 3 LS LS duit
el G e Al Bkl AU (obeal) Lo gt Bl eslinl) i 54 Fipy
Shlie LI Golead 53 e JES Cum o Al ol gl e yealiall o2
cadh A Al oleal) e diliae gy VL ealisll o3 Judi 5 ¢ s
LNl i el ey
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(Cd «Zn ¢« Ni Pb) asedlSlls iy JSally pabia )l 3815 af o) gl coyelal —4
alray Jlall i Jara 2sas () cnnd) (i balle 4 Jsiall aall e el cails
edlmi ki il chld) mlat (355 sdaall ODlaey LAY Jaleay bl
bl Eislal) a3 S LSl sl alasy) e Sl Ll Y 8yl delical
oaball Jil al)) Jie Glibad) e GlSpall agall oyl elginl paba)ll juain
e 585 e golall sl Cajpall ol ik e S ¢ (paba)ll diie ail)s
ve A A ) aile Al Gblall ey Adees Al ) Bydle jealiadl (g
e 385 O @l Cpell Lai ¢ gl & pualiall 315 30l o Jasd Lellas
pall gpaie 585 W oo Ldle 4 Jodall aall e Lys oS (Cu) palaal
clalle 4y Jgsall aall e J8) S8 (Co ¢ Fe) il Sl

zila b delially dppdall ilaill LeledV) 4dladll ald duhall oda 3 2 LS5
Slol dimut 2 4 Agdlal) duhall =3l cuy a5 . LS dadl dldas Jlexinly sl
Ghtall (e aaall & (BT Cs « K« PTh FBU ) e UK de gl dllaill o8
o2 pany O Al aaps Lalle 4 Joiall aall (e el cnlS dlgal) Al
V) 2l GSie il L aalsy lgansy 2003 ale iy Sue sacld Jua cuilS 2 ol
pda e () e Dlad ¢ Aaluly bl bt e lia (Sl Jiey lgaany of WS
Dbl 55 o) OSas ¢ Gl Caadll Al )l LA e dpi s Bl
g5l yiea sl dikie () Cua [105] Jaad) duhs iy LSy uddl s Jgiadll
+asaiholl Ao i) Aalladll Apuilly callal) Jomall e el Dligie e

Oe Asiiay Sl Byxie dpadll o2 (b 2S5 1aag dalsll adsall il & &) aas—6
 glay Alginad) Ll g5 525l Ll Canesy Ailids (3lalia

Jazas (Ragg) 28Kl agahll Alady Abidiall doeledV) 5yshadll cilfise cVara =7
(AEDE o) ol Gapill 4y5aal) Aladl) dejalls (D)) slsed) b dsiadl) dejal)
(Hex) &) 5yshall Jdys (AEDE i) JA8Ia Gapeill dygidl Alladl) dejally
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Abstract

The study includes two parts, the first part is to assessment level of natural
and artificial radioactivity of environmental samples of street dust collected
from various locations in AL- Diwaniyah city- AL- Qadisiyah government
using gamma-ray spectroscopy technique with High purity Germanium
detector (HPGe) which has a photo peak relative efficiency of (40 %) and an
energy resolution of (2.3 keV) for the (1.33 MeV) gamma transition of * Co
to measure Specific activity concentration of *®U, ?2Th, “°K and **¥'Cs, Also
Evaluation of radiological hazard effects for Gamma ray (Radium Equivalent
Activity (Raeq), Absorbed Dose Rate in Air (D), Annual effective dose
outdoor (AEDEo, ) and Annual effective dose indoor (AEDE;, ), Hazard
index outdoor (Hex) and Hazard index indoor ( Hin ) and gamma Index ( I.)
for dust samples listed above.

Gamma ray spectroscopy measurements for natural radionuclides (*®U,
22Th, and *°K) and artificial radionuclide (**'Cs) showed, the average of
specific activity in soil samples is (14.22+£1.003 Bg/kg ), (24.59+£2.371 Bg/kg)
(227.88+£15.388 Bg/kg), and (Bg/kg ) respectively, As for radiological hazard
effects Rate for Gamma ray in dust samples were all lower than the value of
the global limit .

The second part of this study has been measuring the concentrations of clay
minerals and heavy elements of dust samples collected from different areas of
the city of Diwaniyah . The results showed that most of the installation of
street dust for some models of the study area is sandy - green with a little
clay, The concentrations of Lead, Nickel, Zinc and Cadmium (Pb, Ni, Zn,
Cd) were higher than the universally acceptable limit, indicating that the main
factor in the increase in concentrations of lead, nickel, zinc and cadmium in
the City of Diwaniyah.

The vessels is the pollution caused by human activities, while the results
showed that the concentration of copper (Cu) was almost universally accepted
within the limit, while the concentration of elemental iron and cobalt (Fe, Co)
was less than the acceptable limit globally.
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We have prepared standard source for Soil using **’Eu element with (petri
dish size)for the purpose of energy and efficiency calibrations for the gamma
spectroscopy system.

The results obtained for the natural radioactivity and concentration of uranium
are in good close compared with a large number of Iragi and international
researches.
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