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Atitaya Sookkasem 2010: Quantitative Identification of Irradiated Garlic Powder by
Thermoluminescence Technique. Master of Science (Applied Radiation and Isotopes), Major Field:
Applied Radiation and Isotopes, Department of Applied Radiation and Isotopes. Thesis Advisor:

Assistant Professor Wanwisa Sudprasert, Ph.D. 92 pages.

Thermoluminescence (TL) is one of the most popular techniques used for identification of irradiated
foods such as spices, herbs and dried fruits in accordance with the Codex Standards. TL analysis is based on the
determination of TL of adhering or contaminating minearals in foods. The purpose of this research is to
investigate how TL technique can be used to identify irradiated garlics and estimate the actual absorbed dose.
The mineral separation procedure recommended by the European Committee for Standardization (CEN) was
followed to separate silicate minerals from samples by density separation. X-ray diffraction (XRD)
spectroscopy was employed to investigate the type of minerals present in garlic powders. TL of separated
minerals were analysed using a Harshaw 4500 TL reader. The results showed that the mineral composition of
garlic powders was mainly quartz (SiO,) of varying amounts depending on the type of garlics. The TL intensity
linearly increased with the amount of quartz present in the samples. The accuracy of qualitative analysis based
upon TL ratio (G1/G2) of two successive glow curve before (G1) and after (G2) irradiated with a reference
absorbed dose of 1 kGy according to the standard method (EN 1788) was examined using garlic powders
irradiated with gamma ray at the dose of ranging from 0 to 10 kGy. The result showed that TL ratio was indeed
higher than 0.5 for all irradiated samples while that of non-irradiated was less than 0.1. TL technique could
correctly identify irradiated samples even after 3 months of ambient storage. The dose-response curves between
the absorbed doses and TL signals were determined. The TL signals were considered in terms of TL ratio and
first glow intensity. TL ratio increased with the increasing absorbed doses ranging from 0 to 4 kGy, then
slightly increases or decreases in TL ratio at 4 to 10 kGy were observed, whereas the G1 values increased with
the increasing doses from 0 to 10 kGy. Those relationships were found as trinomial functions. Correlation
coefficients (Rz) between absorbed doses and G1, using a quadratic fit, were higher than those of TL ratios.
However, the determination of absorbed dose in blind garlic samples revealed the effectiveness of applying TL

ratios for quantitative identification of garlic powder irradiated at the doses of 0 to 4 kGy

Student’s signature Thesis Advisor’s signature
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Rl AW

MV 2 ﬁﬁ@ﬂﬁ'llﬁﬂ%ﬂﬁlﬂﬂcﬁ

@

Nan: vsHnnaos-Tnala Wszmalne) $1ia (2551)



Primary Electron Beam
Secondary Electrons

Auger Electrons
0.4-5 nm

Backscattered Electrons

Characteristic X-rays

Tungsten target

B .« S

Volume of
Primary
Excitation

1-3 um

PN 3 NM5INA X-ray 1LALMIINA Auger Electrons

fan: Briggs and Seah (1990)

= v A J Y
ﬂ]ﬁ!ﬁﬂ?!ﬂﬂﬁ@%ﬂﬂﬂ%llﬁ$ﬂ15ﬂ5$Qﬂﬂﬂ‘l¥Q1“

14

dy v A 7 ’A a dgl A Ao oA 4 A
nmaEJ’Jmu5qmaﬂmﬂuﬂimgmimmﬂmu LUDUIITIDNBAIININIAAUNDLNNIEHN

aUUTTIDVeINANA ey IINg Ay udTedaz Rownamssaus Uty uad1ulon'ly

a dy o A 4 < J @ [
VDINTITLNANITLAYUVUIINDNY Tﬂmﬂu"lﬂﬁmﬂmmumﬂﬂ (Bragg’s law) (89031, 2550) A

aumsn 1

2dsin @ = nA 1)

dy v A IS a A a a a
ﬂmammunmaﬂcﬁlﬂumﬂuﬂwmq5zﬁmmw1umi’Jmﬁzﬁﬂim%’wwmwﬁﬂ

A ~ @ = 1 3 [ [] ~ Y 9 L]
n3eMIGeRIvedznanlunan ualuszezusniy drednlylunsnaaosdosogluzll

v Y
VOINANIALUN Y
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4 4 [ a

113 A.7.1961 .1 18 (P.Debye) Uazi.1¥0351503 (P.Scherrer) lANAMUNNAUANTT
dy v A e ry 1 o = . £ aan = a L&Y ll
@eVUTITONGN 15AI0810TUNANHI (polycrystalline) FINITNITATHULAL UATILHAIDI
U Y v Y =2 = a dy Yo a T kY o Jq 9
ge1nioonns Iman@en matail ldsuanutdouedraniteuing waziwnlszgna lolu

va 1 @ 1 1 s a o

MIFANBIANTANNNMENINA 9 VOIA1TAIDE 15U ANI09ALTENOY (1ATAATIZH) YUIA

=2 . . = Y I 9
YOIYANAN (crystalline size) azANMATIAANA1 U Tane 1TuAuy

De

@ a J J @ 1 Y a csy = S ¥
Paqiiudl myinigresniznouvesmsarednMIsmalinMsRe U dond Ia

k4 E4
Wmiunumddyneluaenmsitenaznngad1MnI sy QalAuYouNAlnil Ao @130
Swunwianaydygdvesansilsenou (chemical compound) NWaNUegludsAI06191A

(99M51, 2550)
o a Y a g v A d
MIuuNrHaveIaslsnounenAtiaNSas I UUS I NG

1 a 1 d 1 v
Hanvosmslsznouuaazatializlie vuianazenliznotyotozAoUIANA 1N Y

4 dgl v A d A A £ g ~ v o J 1
unNmnes UM s usITengsoanusa TaunsusadlunsiuaaInNUFURUTILHIN

[

Y o A d’dy 2 A v v W qgj =3 Y [ cssl
HUNUANUUNUDITIFDNFIASIUUUIINANHUSIANWICAI AU mmmm%ﬂmaﬂymzuiu

mssuunaiavesasisznouiiegluglvesveway’la
o ~Aq Y A P s o 1A
“anmINn 1% 1uNIANTIZH09RUTLNBUVBIATAIDENNAD

Y A ) ) 2 d o A P
1. i]gG]@\3Nﬁ'luﬂl@u“acﬁ\ijqﬂijull,wmlﬂﬂiuﬂ'lﬁlafl']lﬂu5\3ﬁlﬂﬂcﬁ€llf]\‘lﬁ’ljm'lﬁﬁg']u

UIUNINNOAUAIT

[ J dy v A 4 % ] Ay a 4 Y o
2. AAUNNNDIUNTLAYIUUUIITDNFUDIFITAIDY WNNADINITUATIEN umm”lﬂ

= = o N S A 9 Y
wSeuney (uf) ﬂmg‘wwmmumammﬂﬂugmmaga

o ;g 4
ﬂwuu ICDD (International Center for Diffraction Data) Fuihunsoaruensavea
2
[ 4
JCPDS (Joint Committee of Powder Diffraction Society) 143715204 0yamisiaenuussdond

a 1 4 @
YoIa3IATFIU01909 1 Tugrudoyaninnii 200,000 uwnmesu (59031, 2550)
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[y [ [ a ¢ a J
ﬂqyijszﬂuwaaamnun15G‘mumﬁmmﬂummﬂugummmms (TL)

= A ] L4 . Y v I ad
amummwaﬂw"luﬁwjm (Defected lattice) %zﬂizﬂaﬂﬂqunﬂﬂmuamﬂmau
s A . = v & ad 2 A o
HAZFUINANNITLTDILEAN (Luminescence centers, L) FINQUNNUNUBLANATOUHISNIZAU

v v [
wﬁwmagiu%wigmwﬁu Valence band 11a2%1 Conduction band 90NN 4

Conduction Band
Conduction Band diffuse Conduction Band Conduction Band
electron A
T <« heat
. T = — - e @ —
Fo
»
& jonization VN> photon
N gl | ¢8 o
LY
: =“'--Oh |
Valence Band diffuse ole Valence Band Valence Band
Valence Band
{n) ) {n {1

M 4 5USeeaasszAUNEI U lUTEHINNIZUIUMIAI 9 VOINTIToEINS U

71301 : Aitken (1985)

] A

dy 2L qg// A = o R A
- ADI1ULWU (Ground state) mgﬂu%umnmmmaﬂiqa 182 % U Conduction band 1159

9 . £ g A 1A
an1IENITTAU (Excited state) Fuuaniizn liades (MmN N)

4
o o o a a ] ] ]
- YJUNITSTUTIA (Trradiation) (iaa1ndtanaseu 1dsUNEI9IUIINAITUR

v £ v A

E4
v o @ a @ o a
Auiuanmssdnnsgiuduassdlusssuina niemntesed@ilioanasougnnszquin

' ‘g a v & ad v & ad
T luean1z luefesidu Conduction band AamsinINUBANATOU TunguinUBIaNATOU

("IN @)

09./} v I R An . . A [ 2 v
- YUNITNNINY (Storage) TaeA19529370 (Life-time) A® 3EAVAINUANVOINQUANLIND

ad 3 @ ' ) [ v I o ad
maﬂmauuuﬁmﬁwawmumﬂ’nw%ﬁmﬁmwa AIUTUNITONNUITIUIUUVDIVANATOU
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< ad o g ' v 2 o o &
ﬂ’lilaﬂa@ﬂﬂl@\iﬂlaﬂﬁiﬂu@ﬂﬂﬂ’]ﬂﬂquﬂﬂlﬂ'ﬂiu“ﬁ?ﬂigﬂ$!3a1ﬂ15ﬂﬂlﬂﬂuulﬂﬂﬁuﬂ@EliJ’lﬂ

("N f)

9
v

9y 9 . A~ 9 9 % ' A o ad
- Jum3linuseu (Heating) tlolins Inanusouundleds thedu lasianaseu

v I adg % 1% ad o 1 a @
29NVIINUYUNNINUBLIANATOU Gﬁ\‘l’l’iﬁﬁ‘”ﬂWﬂ’fll,ﬁﬂ@]iﬂugﬂﬂlﬂulﬁﬂﬂﬂiJ'li]mﬂﬂﬂi%U'JuﬂWii’J‘JJG’I’]

[

2 o . . A a s A a A .
UBNATY (Recombination) NUTNIUFUINANNITLTDILAY LLASUNITLIDILAY (Luminescence)

Pl

a N
INAVU (HIN Q)

A 2 y o [ ldy Y A I
- 10K aANIRAUUAQ (Photomultiplier tube: PMT) duuauraliuallaguiu

Ty lihwo Usinadayapa i ideeulsduanlsnassdinan 185y vuauns

[

= v Yy Sa s - ¢
Waﬂ]‘lﬂﬁﬂﬂ'ﬁ'luﬁﬂullaﬂﬂa@ﬂllﬁ\‘]'E]'E]ﬂiJ’]uﬁflﬂ’)’] “l‘]/]@iillglllu@“"]fuc]f”

=).

A v [y J a J
IN3090 1UA Y IAIND I NGRS

I s @ a U { U 4 [
Wugnsainldesinialsnavewasaineinanaislsznevtlasseonuuiie 145
Y ) [ 4 a 4 X A . . Y
Aanusou Tasriinsulasdygranmnes Iugiituaisud (TL) (TL signal #39 TL intensity) 1108

] I 4 4 1 1 1 I J

Tugilvesnszua ilihmizedugaoul wielunsesewuneiuldmiseiiv au #3oa1 count
IS v o J ' @ a ! !
Tagazuaauiluns i uduiussening TL signal nugunglnienainlnanudeun

(3807 glow curve
, A 4y o
aaulsenouvounIndnlu Y TL (91NN 5)

Y Y ! A '
1. S2UUMI INANNTOU (heating system) Y9UATDOID Y

2. ¥iaeANINAULEI (Photomultiplier tube: PMT) duutdsnaniaosponuinanin

lasuanueundmlasuiludayana i

3. signal measuring system mmsuag Wmumuwm"lvd% Glﬁ’agi“lugﬂmm glow curve 130

TL signal
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D.C

AMPLIFIER -:..:.3:_...*

RECORDER 1

PHOTO o
MULTIPLIER

UBE

HIGH VOLTAGE

SUPPLY
—_e

SUITABLE OPTICAL
FILTER

PHOSPHOR

- MATERIAL__

HEATER POWER SUPPLY

THERMOCOUPLE

M 5 daulsznovveunios iy TL

A3N: (8559 10IN, 2545)
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Glow curve

<3| v o d ' a . A ' =
Wunslanudunusserniedsunaveas (TL signal) Nlasgnonu1annanves

a

[ 9 '
mssznov (oglunnu ) fugunginsenanliaiuiou (egluunu x) Wuildnslee

U

< v 1 Y a o AaA = Yo ° @ '
WudadiuTasasenulSinasi@nnanassznenldsy dmisuglses gow curve 92

e

[

yurviladeaian svuanamIedoty TL 154 63113 1anuseunaznarlums 1iany

Y a A

£ ' 3 Y = ' A Aa A
IOU qmmuqaqﬂﬂﬂumimu Lﬂu@u glow curve eumwammawuﬂ%meﬂimmuam

U

[ [ 1 Y
Uavgoonuiuniganguvgiaiee Fenain (Peak) 0190 AAMEINI0HMBTNATUNUYSIIA

a

[
v v A

= ] L Jd o = a o Y a [ [
yoawan AN llauysel lumsWesualveswdansssuma sz liinanuaniszAunasa
Wnteeuana 19y 1119 glow curve usazriauanasnu ldaudnyuzimmnedivenan

A o Y v a Hq ¥ ' Y A
WeAIANSNI NS INANNTOU gurglgagauaza1n s lunse1ulnaaniud) glow curve

v a

zlsenufuEae (9350 10IN, 2545)

msoerelive sy (Fading)

[

d’ v W = [ o A 1 [ = A A dil
831NN UAN (Trap) llig@l'iJ‘Wﬁ\i\TTLWILmﬂ@lNﬂulﬂiEJUL?[N@UWQ?JVI?J?]’JW?JG]HLLQZ

=2 1 [ [ qul =2 =2 ~ [ 4 ~
ANUANAINNU ANUU glow curve ﬂl@ﬂNﬁﬂﬁﬁﬂi%ﬂ@ﬂ%ﬂuﬁﬂﬂ‘Wﬂﬂlﬂﬁﬁiyﬂﬁmhlﬂﬁawwmlag

a A A o A A Ao & A A ] = a v o A @ o ad ~
NANYUNYUANNU Wﬂ%@m‘ﬂﬂuuﬁ'ﬂﬂu‘WﬂﬂqNLﬁﬂﬂilﬂﬂﬂWﬂﬂUﬂﬂﬂWﬁ\i\ﬂuﬁT DIANATOUN

E]

o—

[ 4 A a g o Y o A Y =~ J
gninamnsongaeeni Ideesigurgives hilddyganeiuldanas Fend1 msvenie

YIdQY Y19 (Fading) (93501070, 2545)
o [y ] v Y a ¢ a d
Msdunfvg I IMesIalagldinatinmaslug Rt

NIATINAOUDIMIINIBTIFR0MATA TL azedenisilaailaesnasnunaains
= Y [ £ a a A an A = a A A 1
nasuszaundanugunalumssenoveiiunidlszwndanariomsyiotiunioniueg
Tue s Taeminszduaronuiouaininieseudaaia TL Anuduveasidaaildes
A o 1 A ~ ' . £ g v o d
2ONNUVTUANHULABDIUDIUTYNIT “glow curve” (Elahi et al., 2008) FuYUNIMANUFUNUT

' a A 1 Y a A Aq Y Y
5$’H’J'N“]J5NTmﬂl@ﬂLLﬁﬂ%ﬂﬁﬂﬂ@ﬂﬂMWﬂ‘]quWQ‘JJWi’E]L'mTVIGlWﬂ'J'IiJiEJH
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MNTIWNUUDI EN 1788 taadnani1idselunssiiundiodae1isniesiaaie

ABmstwunnnadadiumdyana TL ¥4 glow 1 (G1) wag glow 2 (G2) fdldudaq

ae 'l

U v o 09;} { o ' { o a o
1. MImA1 glow 1 Avmsiadyaia TL ATIN 1 1ndred19Mimasiaigail lag

4
ﬂ'liﬁﬂﬂﬁ'liﬂi$ﬂ@ﬂ“]ﬂmﬂ@]ﬂiﬁﬂﬁué}ﬁ

9 v
v v 4 v 1 A 1 (%

2. MIMIA glow 2 AeMsdadayaa TL A59N 2 910610819NHIUNITIA glow 1 1A7

D.

v
a A a v A

o [ 1 o a 1 ] [ 4 a 4
W ldnresednnsivainndudniase@sian199 1wy aresadunuui 1 nlansd

s A ) J o v

agiszasfiie1ir 11 normalize oy e TL 52117314 glow 1 1Az glow 2

3. MIMIAOATIAIUNTONS normalize Ty 1at TL 52M 3 19glow 1 LAY glow 2 10
MonIIdIudyIn TL Y94 glow 1 69 glow 2 indidlalimonsidiudygia TL

v ' v 1 qg// Y v A @ 1 A n Yo v 1
1IN 0.5 naaenddeeaiu ldrmunsniessd dauaredieh i ldmunsniessdazlian
9AI1EIUAINT 0.1 11D AIMIVAIDINNATIINYNAGAIIEIUFTYA I TL 09551313 0.1
=2 Y = o 09/ A A o Y | 1w 1 qul Y v A
04 0.5 9zdoalimsiimanaassduiotudunali uilvidrediaiu ldmumsniesadn
#5011 UENIINMITWUNAI0E19DIMITNIBTIFAITMITIUNIINAIDAT 1A U TR0

TL ud) daawnsonosan Idendwmisvesiiauazgis19909 glow curve A8 (EN 1788,

1996)

Tagin 11 G1 vesomsmessdaziiannniigalugis 150 09 250 eerusaiBod dau
A o Y v Y o ' I d? 2L A a
pish hilamessda Indnanu 61 Tusae 300 essaadod Yull sufuwaihaoinnis
v

o [ o o a < 1
lasusedndenudmiossdlusssumanazinuazauogly deep traps (Elahi et al., 2008;

aUBNNYTA, 2551)
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Y %

a v d‘ d‘ Y a | U a ‘Q' \
NUIReNHeItenumslvimatia XRD saunumaiia TL “lumimmaaummwmumﬁ

v A
MY

Soika and Delincee (2000) Ta%11n133981394015 9 UNDIMITRIISIAA10NALA TL

[ [

TaoulSoufeudyana TL 1inaslsenougainananasonun ldandiedeiudyia TL
Ao Y 3 ~ £ Aaov dy YR 4 Aaa 1 1 1
nialaluasan 2 Fa0uidei ladnyiedlsznevvesmsUsznoudana wodiulvg
4 o v I 4 a 4
Usznovldremaaihs vazaioad uazdnuiquantanmsiiumes lugludaud 910 glow

v A a J

4 Yo Y = v A v a A
curve ﬂl@iﬁWiﬂi%ﬂﬂUmaU]}ﬂi‘UiiE‘T“]fuﬂ@]N 9 ]’lﬂ!,l,ﬂ IIFUOUNT FINLUAN i\if’fg"l ua

ee

ad ugj a [ 4 a o
ANATOU FINMNIANHIMIFHAVITITNMUIzanTuAITAIND normalize HANITITIWUI

9 9 v
9 v v A

v £4
anbaz31/5199049 glow curve NIAATIN 1 HazA3aN 2 wVunUriavesasisznounanala

Do
Qe

NAI0E19 AIUFNAVIT TN AU IMTURGND normalize ADTIFUANUT SIFIVAT LAy

ad
DIANATIDU

1 a a 4 1 a
Chung ez al. (2002) l@AnEANUmAIaveaInatia lumMs AATIzHseINamAaia PSL
Yo v Ao g Y & vy o
TL uaz ESR Tagldaindsomsniesadsmandawen Triuds uazde d9ldsumsnied

ad a a -4 ' a 1 1
sianaseul/5unm 0 fie 10 Alansd wuunaiia PSL 8131505290 URA 1A0619NADI 1A

'
A

k4 ]
linudggnaniidnuzmmezanndiedenesidniaeslszinniions1aaeualomaiin

ESR daumaiia TL wudee19i 11850598 nane glow curves figaivgil 300 o9en

v A

raFed uazlinuduvesdyIud daud10619N 1A5UTIE uaaq glow curves Ngungil

200 peA AT uazlinuduyosdynIugUioaned 1T UNITHINANUUANAIDIN

v A

froenan li'ldsusea
a [ ] ] 3 a a
Khan et al. 2002) 1@14matia TL Tumsanuidieerana liui vy waeiianzle
a < o 4 ~ v A a a d A o
wanollsaen wandaveuauazgnina Naesedunulsua 13 Alansdnioed

ad @ ad J (a = a 4 =®
BANATOUNGINU 10 unzdtanasou Tiaa YSua 0.75 093.9 nlansd TagAny glow curve

NguuNYI9 50 19 500 DR UBATod FawuIunaiia TL @ 1W1I0UeNAINLANA19UBINA 11

U
]

Y 1 [ 9.
wanaeuag luniesadlda
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@ 1

.. Y= va J a J a ad A
Kitis et al. (2005) "1ﬂﬁﬂymmaummaingmuamummmaﬂnmiauumﬂ N

=

[ a 1 a d [l
ana'laAnInwin Chile Guajillo Mexicano WuNasszneveiiunidaiulnalsznoudn
S

D.

quartz (Si0,) 60% albite (NaAISi,0,) 30% 11z ortose (KAISi,0,) 10% Hom1e39@nTumsd
= a @ " Ay Y o A g o
19410 ATansd nundyara TL 214 Haw hgaesgduoudyauasi uddivgiins
v a qg.: ' @ § a 4 1
gAY 10 aTaag linumsnamne (fading) VOIAYID RRIGERER glow peak WU glow

a =

peak DgNYUNY 180 DIFUTALTY A

Q U

=

) Y= wa o A o o ' A S A @ P

Engin (2007) I@fnsnaauiiames lugliiaasuduesdiodea1soiunid Adna |4

ANITN INIAT WU MALA TL AT aUENANULANAIUDINT N Inediniesaduas lune
v A

Y 1 a v A =2 a s A a 4 ' =
Fed1dalugredTunmsed 1 99 10 nlansd 1WeIA12H glow peak WU glow peak BEN

A & A o s o
gl 240 Berm AT FauiloannmMssIndyauveunamihg uazalrend

Y
J A <3

. Jq ¢ a2 a = [ o d‘d
Bhatti ez al. (2007) 1@ 15madia TL uazmatia XRD Tumsanuidahininlaonuds
] 9 ~ v A a -4 = [ [} A
U A9 1] tazrey N1TITUNNL 3 uay 6 N 1ansd TAsfny1 glow curve YBIAIDE1INNIY
] o A a 1 = = Y] Y 9
nazhin1es @ Nguunisz1d19 50 D9400 A UTAITd 0ATINITIAAINTOU 5 DI
TR IUIN WUIUNALA TL a3 0UeNANNLANA1NYDIA 1081 9N euas ineTad 18
~ a 4 @ U 2 9 . .
A Lazmatia XRD awnsavenesnlseneuneludiedielainlseneuaie calcite aragonite

LS quartz

. YR [T a [ 4 =
Bhatti ef al. (2008) laAnyIN1sas1aoUMInIwTidveswansausilszmn vy
v A (A a 4 [ A ()] a a
e3975m 0 121z 3 Alansd Tasasrvaeudiunlden ludremaiin PSL uazmaiin
1w ll v A @ 1 @ A g 9 A 1w A
TL W31 10819m18598119A0619 Taammzadedainu 1iuu 6 eu aniuTvaouiia
1 ] . > £ ' A o Y o o a v v A v

g 11979 intermediate ¥ luansagudura’ld Srisumaia TL dredeidiumsnieiads
<ULl . 1 ' = ' v ' A ' v A <ULl . ' ' =X
1A TL ratio 9§ 11974 0.53 D9 4.27 daudie8 19 lun1eadezlia1 TL ratio 011539 0.06 D

£ A A o o o A 1 v A A
0.38 “]N’QNﬂ’J'Iﬂ'IllW]iﬁﬁ!'ﬂﬂ1ﬂuﬂﬁ1ﬂiﬂ@1ﬂ1i%1m%1ﬂi\1ﬁ f9 0.1
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=\ a Y o = z Aad [
auoufesAuazaas (2551 lavinisany1vuaeuuazIsnslunisanauen
a =4 [ L] d' o a J Y a 1 d‘
’ﬁ'liﬂi$ﬂ@ﬂ@uu‘]/liili]'lﬂﬁ’mEl'NLﬂi@Qﬂé\iiﬁwﬁi\lllﬁgu1h1ﬂlﬂi1814@]’381&1/]?]14?] TL WU 14D

Rmsmsouda0d19a1u3Tu1nsgIuves EN 1788 Taslsuldlianumuzauiudiedi

'
1 A

Uszinmaiesllgesa Wi Aredruniestlgesaniin 30 niu awmsaanatenaslszneu

1
a a o =

a ~ Y = ~ 1 a Jd o ng a
auumé"l@ﬂizmm 0.2 932 Uaansy G]f\iLWEJ\‘I‘W’E]Gl’f]ﬂﬁ’JLﬂi'l%WﬁfUOﬂJuTm TL i’JiJ‘VNiJiiﬂm

[

AA o ' A Yo 1 a 1 . 09;}
SuiaedlunTesljesaldsulinanodSunmnszuasiu A1 TL ratio s2uNINTulsNan1s
dy 4 a a A A o Fl
A519a01U UBnINNBIRlTEReuuazlTuIaveIaITUsenauaunIdnanausn laain
[ ] < 1 a 1 ] [ 5 1 1
AvenniHadolsImnIZIaTINILAZAT TL ratio AI0IFUNY Fedawaaonugnaealunis
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J ad
gUnsaimazizsms

ginsal

1. a5l

1.1
1.2
1.3
1.4
1.5
1.6
1.7
1.8
1.9

2.1
2.2
23
2.4
2.5
2.6
2.7
2.8
2.9

Sodium polystungstate (Na,W ,0,,*H,0) UTHN Fluka (Germany)
Hydrochloric acid (1M HCI) 158N MERCK (Darmstadt, Germany)
Ammonium hydroxide (1M NH,OH) 158N MERCK (Darmstadt, Germany)
Acetone (C,H,O) 158N MERCK (Darmstadt, Germany)

carboxymethyl cellulose (%} pgag 0.2 Gl,u‘ljlﬂ 158N Fluka (Finland)

Ethanol (CH,,0,) 158N MERCK (Darmstadt, Germany)

12
o [ g 1 [ a o a o ] o w
nitrogen gas f115VINTOI0 AN TL UTHN Ineduamasoa und 31

[

@ ll o @ ll A o < Jd o
A29619NTNIUHITIUIY 3 §I9819 1INVTEN NDW 1fad $1na

X-ray Mix Powder Binding (& 150AM1187)

¢ A4 A
gUnsallazinT 030

autopipette Y119 500, 1000 pl

Pasteur pipette

centrifuge tube 15 8¢ 50 ml

ultrasonic bath UTHN NDI ti U 136H

centrifuge with swing-out rotor (SANYO ti 1 MSB 080 CR)
aluminium disc W50y panchet

A0ULNI (CONTHERM 5U Series Five)

in3ea8 LAy a1 TL (Harshaw 31 4500)

RPN X-rays diffraction (XRD) (5: U A8 Advanced)

2.10 19509105 9@unuIA Ui 1iASId Co-60 (MDS Nordion JU Gammacell 220

2.11 19509105 9@unuIduiiiasad Cs-137 (JL Shepherd 31 Mark I)

2.12 19509UAAID81 (Gy-Ro Mill 1 Z-TDA 71 MR)

2.13 TLD card
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ad
IBNI

1. msfinIANUAINveanIoIB TR I TL

a

Wman TLD Arumsdeuiisusindesljianisniasgiuniegii (SSDL) line

)

[

= Y o Aa o A 37 @ v A d A ~ o’;’o 1 1

SIFUANINNNAUAUUASIE "' Cs 995159 1.43 tnsgaernduna 1 winanduiimeua
v v ' 7

daana TL Taofiinisnaassdn 5 afe Wwanldundmnziadulszansanudumnls

)

(%CV)
v A | =
2. MINYIIANIVY NN ISINYNN

vssanseiieunsdiuau 3 @ed1e 1dun S1 S2 uag 83 lugesgnwaradnlao il
Y v
miindszina 60 sy (Mnn 6 n) w1 lUAA dosimeter (radiochromic film) 1422137u
' Y v ¥
container (MW 6 ¥) MU 1185 @NUT U8 2 4 6 8 1Az 10 A laNId ArenToIRIYTId

Gammacell 220 (M9 6 A1) Tasarlunsaesad lduiannsnaasiniesiddiod1aiiany
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fodaeaduIansimin 0.5 ladaniu

USuased vhwiinus TL ratio
@ lansd)  Fedes (adn3) G1(C) G2(C) (G1/G2)
0.5Q1-0 0.5 6.88E-07 33.28 2.07E-08

0 0.5Q2-0 0.5 3.03 112.90 0.03

0.5Q3-0 0.6 1.76 68.06 0.03

0.5Q1-2 0.3 88.11 46.19 1.91

2 0.5Q2-2 0.7 189.10 75.94 2.49

0.5Q3-2 0.2 118.20 54.37 2.17

0.5Q1-4 0.7 237.20 78.74 3.01

4 0.5Q2-4 0.6 211.30 80.19 2.63

0.5Q3-4 0.4 231.30 86.26 2.68

0.5Q1-6 0.7 310.10 182.00 1.70

6 0.5Q2-6 0.5 145.40 49 .81 2.92

0.5Q3-6 0.5 266.50 86.56 3.08

0.5Q1-8 0.6 503.50 402.40 1.25

8 0.5Q2-8 0.9 388.80 181.40 2.14

0.5Q3-8 0.6 547.30 291.50 1.88

0.5Q1-10 0.8 181.70 58.25 3.12

10 0.5Q2-10 0.8 284.10 100.50 2.83

0.5Q3-10 0.5 404.50 180.40 2.24
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fedunteaduIgniviviin | dadnsu
USuased vwinus TL ratio
@ lansd)  Fedes (adn3) G1(C) G2(C) (G1/G2)
1Q1-0 1.3 3.87 184.5 0.02
0 1Q2-0 1.1 3.35 146.30 0.02
1Q3-0 1.2 3.8 139.20 0.03
1Q1-2 1 299.2 118.90 2.52
2 1Q2-2 0.8 184.6 132.20 1.40
1Q3-2 1 274.5 119.70 2.29
1Q1-4 1.1 333.1 131.00 2.54
4 1Q2-4 1 327.7 121.00 271
1Q3-4 1 285.1 101.50 2.81
1Q1-6 0.7 391.4 124.40 3.15
6 1Q2-6 1.1 508.4 322.80 1.58
1Q3-6 1 344 212.40 1.62
1Q1-8 1.4 712.9 289.30 2.46
8 1Q2-8 1.4 698.9 425.40 1.64
1Q3-8 1.5 649.6 239.60 2.71
1Q1-10 1.1 554.1 245.40 2.26
10 1Q2-10 1.2 673.8 218.00 3.09

1Q3-10 1.1 694.2 215.50 3.22
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USuased vhwiinus TL ratio
(Aangd) Sod0es (Hadn3) G1(C) G2(C) (G1/G2)
3Q1-0 3 6.01 215.3 0.03
0 3Q2-0 33 6.89 309.40 0.02
3Q3-0 3.9 9.04 608.70 0.02
3Q1-2 2.2 536 206.00 2.60
2 3Q2-2 33 824.2 348.40 2.37
3Q3-2 3.1 827.4 410.30 2.02
3Q1-4 2.9 881.2 375.20 2.35
4 3Q2-4 3.2 937.2 394.10 2.38
3Q3-4 2.8 891.6 313.40 2.85
3Q1-6 3.2 957.4 312.30 3.07
6 3Q2-6 3.2 897.2 355.50 2.52
3Q3-6 34 843.3 293.20 2.88
3Q1-8 4.1 1069 642.50 1.66
8 3Q2-8 3.1 1105 644.40 1.72
3Q3-8 4.2 1027 712.00 1.44
3Q1-10 4.1 1220 754.50 1.62
10 3Q2-10 34 1199 1097.00 1.09
3Q3-10 3.9 1175 1021.00 1.15
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§10819 S1
EFRLIERE i L, Yiminus AU ndy g _
A ansd) HoRIRIN (Hadn3) Gl G2 1 rato
S11-0 10.9 326.6 nC 1.028 mC 3.20x10-4
0 S12-0 7.3 1.450 C 271.6 C 5.34x10-3
S13-0 7.6 425.5nC 205.4C 2.07x10-9
S11-2 1.1 12.74 C 2633 C 0.48
2 S12-2 1.0 343C 1223 C 0.28
S13-2 0.3 11.12C 21.12C 0.53
S11-4 7.3 272.6 C 174.5 C 1.56
4 S12-4 6.4 2582 C 189.7 C 1.41
S13-4 3.1 502.1C 442.3 C 1.14
S11-6 9.9 3974 C 660.4 C 0.6
6 S12-6 13.0 4379 C 623.7C 0.7
S13-6 7.4 351.0C 598.0 C 0.92
S11-8 6.8 5394 C 489.2 C 1.1
8 S12-8 12.7 4441 C 706.6 C 0.63
S13-8 10.4 462.5 C 489.1 C 0.95
S11-10 7.1 528.2C 501.6 C 1.05
10 S12-10 13.2 411.1C 4344 C 0.95
S13-10 11.9 598.3C 684.3 C 0.87
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19819 S2
EFRLIERE i L, Yiminus AUt ndy g _
A lansd) HoRRIN (adn3) Gl G2 Hrato
S21-0 7.1 194.1 nC 1149 C 1.69x10-9
0 S22-0 7.9 1.478 nC 258.8C 5.71x10-3
S23-0 6 470.7 nC 146.3 C 3.22x10-9
S21-2 8.9 66.09 C 177.6 C 0.37
2 S22-2 3.5 92.99 C 2772 C 0.34
S23-2 0.9 10.46 C 17.79 C 0.59
S21-4 1.5 4591 C 41.76 C 1.1
4 S22-4 4.3 42.48 C 35.19C 1.21
S23-4 54 41.51C 56.58 C 0.73
S21-6 34 32.56 C 32.61C 0.99
6 S22-6 1.3 96.91 C 103.3C 0.94
S23-6 4.9 61.62 C 6142 C 1
S21-8 3.5 55.75C 73.71 C 0.76
8 S22-8 8.6 48.02 C 203.8 C 0.24
S23-8 2.6 91.78 C 176 C 0.52
S21-10 4.4 54.57C 63.71 C 0.86
10 S22-10 9.8 99.53 C 154.8 C 0.64
S23-10 9.3 300.2 C 170.7 C 1.76
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10819 S3
wasd Yiminus AU ndy g _
A ansd) HoRIRIN (Hadn3) Gl G2 Hrato
S31-0 2.2 52.11 nC 16.34 C 3.19x10-9
0 S32-0 2.9 51.12nC 39.38C 1.3x10-9
S33-0 0.6 175.1 nC 99.68 C 1.76x10-9
S31-2 0.8 380.6 nC 340.0 nC 1.12
2 $32-2 25 17.5C 29.95C 0.58
S33-2 1.4 7.29 C 17.86 C 0.41
S31-4 2.7 2133 C 18.15C 1.17
4 S32-4 0.2 13.87C 13.07C 1.06
S33-4 1.4 5.08C 3.13C 1.62
S31-6 3.7 18.42 C 22.5C 0.82
6 S32-6 4.9 50.87C 71.6 C 0.71
S33-6 2.9 14.75 C 18.12C 0.81
S31-8 7.6 46.54 C 66.11 C 0.7
8 S32-8 5ol 36.66 C 43.09 C 0.85
S33-8 2.8 1492 C 11.51C 1.3
S31-10 6.2 93.29 C 1533 C 0.61
10 S32-10 33 17.78 C 25.17C 0.69
S33-10 4.5 28.28 C 34C 0.83
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