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Chalermkwan Pitisobhananggul 2011: Measurement of Cesium-137 in Cow Milk
Processing of Thailand Using Gamma Spectrometry. Master of Science (Applied
Radiation and Isotopes), Major Field: Applied Radiation and Isotopes, Department of
Applied Radiation and Isotopes. Thesis Advisor: Associate Professor Pannee Pakkong,

M.S. 91 pages.

The specific activities of Cs-137 of cow milk processing pasteurized and UHT using HPGe
gamma spectrometry, The result in cow milk processing one liter, in Four brands of samples were
P1 P2 U3 and U4 . The specific activities had been found in four brands of cow milk processing
were 0.13+0.07Bg/kg, ,.,0.19+0.07Bq/kg . ,.0.12+0.08Bg/kg .., and 0.18+0.07 Bg/kg . .
respectively. In similar volume of samples, will 3 different brands cow milk processing were
prepared as dry samples and measured specific activity, The result of specific activities of Cs-137
iin dried milk samples were 0.16+0.04Bg/kg . ,,0.17+0.04Bg/kg . .., and 0.14+0.04Bg/kg , ..
respectively. counting time for measurement cow milk processing and dry milk from LLD and
MDA in cow milk processing and dry milk were selected 100,000 sec and 80,000 sec respectively.
Calculation on statistical analysis of critical limit (L ).The critical limit in cow milk processing for
dry samples were Lower than cow milk processing in all samples which can be used to confirm

accuracy of specific activities of Cs-137 in cow milk processing
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AUITUANWIITIUMIZVOIETN-137  Tudrednuudanbas uazuuda lsade Wuilszimn
Y
@oU WUMUTa Ui UMW T YR ITFHe-137 Tud10819979 2 FHANAUNIND 0.13 +
v o 1 :} A @ Y Yo a Aa
0.01 Bg/L 1nwamsiadieenaiyInaalullszmealne ennsodudulanluldsudninann

wa o a 1 { a ~
guiamaes ludauag lilimsldeunadludunadon (wse3, 2534)
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=S

1nauItelulssma nuNUSIAAVTUANINTIFIUNIZVOIT I HoU-137
@ [ a I o'gl oy H 1 a 1 v W [ o'
luargamanN AN UL LAz UYaa NUNUHAINAA UL TLUNATAA UL UANINTITA LB
1 a a A (=1 d‘ 1 1 v A vAa o a [
anlSuadiFon-137lilnaddsunas seninnounazndunagiamaes luda adou
= U =) % % v Ao S A % 1 d' =)
11150519399 UT AN UL UANNT T UMz VeI Feu-137 ua1081901%15NUL1NTUS 190
3 a [ a’oy o a o w 1 [
FITIWAANBNTIUY 1IN 9 Fila 91M3IhdIeg e IMITIININUHaINIzgnlulseima
Y dy 49} 49} 1 dy ' o A U o 9
laun ol ony eln Welaweu wzazne nenanld a9fne 41a1s wazuwea
a 4 1 a [ o [ o [ 1 [

IHATFHANIA99 155 WuITuaduiuannsadsumzvesdmdon-137 ludiserauaay
¥UANAUNINY 0.02 Bg/kg, 0.02 Bg/kg, 0.03 Bg/kg, 0.03 Bg/kg, 0.01 Bg/kg, 0.01 Bg/kg, 0.02

Bg/kg, 0.02 Bg/kg Hasuuaanyasla@ing1 0.22 Bokg,., (1Ja1,2546)

a o 1 = [ a (% % v A S A
a8 1ua 192 maln15as 1 Al TN UTUANINTI AV IFIFHoU-137

LY L] g‘ A 4 a = 1 a A A = [ Y
Tudredratihun Inaaludissuewud Ussmepu@enunlsnaansen-137 aunny 1.97-

4 [ a =1 a :}

7.65 pCilg (0.07-0.28 Bg/g) uyudaz IdsulTunaddon-13791nm505 Inmiiudaag

a [ d’gl " W a T W L . .
nannuNiIuua TUTUTUIMMINY 0.1-1.8 pCi (0.004-0.066 Bg/g) (Mishra, Lalit and
Ramachandran,1976) @291 18UHNANITATINIAUS IUANNUAMNTITVDIHITFoN-137 11
Y 1 o a A a d‘ 1 9 [ A Q'l Y Q'l
A190199111T U 18 Filalwesruzisumagijuilszneuale Sy 02 U
g‘ g‘ o v = 9y < 9y 1 dy [l A A o =1
hea ity dnlu@en wald mia 417 e msie nzm dar o 1 1nSe9an dainziall

o 0911 % [l a % 4 1 a (% % [ o
nden Hyasznani sIUN @081UN tazkaan UL WUIMTanuTuaN NS Ids e

A A a o 4 = [ a A A

VOITIHN-137 TUUNUATHAANUNUNTAUNINY 0.089+£0.009 Bg/kg ., Hazllsuadsa-
1379319mea2 185U91nM5u35 Tandsedriu UAunde 12 £1.3 mBqAeAUAB Y (Shiraishi,

Ban-nai, Muramatsu and Yamamoto, 1999)

ladnunnuduiusszrinenssa Inavesiuiiuan s d nazquaminves

a o 09/1 A U 1A 9 a A 9
i laad luduussnmanilassoengaunadon mslszilunansznudunadey 910013
q:/ [ ] ] 3’ { o a 4 q’/}
§2 ' Ivavesveurardassasguuih umaynsuazdarihiwdiasigdsauians

a a a o { 1 a [} 4 ] g’
Usziiunansznusiiaiiilaas Nldogsosnu1nNand U9 0115w 1wy Iaaaannans

Y

[ a LY &Y [ Y 1 o a a J 1 1

as197adSnaiuTuan nsd ludiesraiun Ia vSnaseulsdlwihiwades 2 ualdun
Y
Atucha 1 (CNA T) uag Embalse (CNE) lualszimeeuauaui aquaila.a.1998- 2002 Wi
a a a o 1 4 1 [Y] Y

Usunadden-137 usnasouTseIvihiiuades CNA 1 Avsanauionaiu lddaiiae < 0.01

Bg/L< 0.002 BgL< 0.01Bg/L,<0.009 Bgq/L,<0.009 Bg/Litaznan1inilzaiailsuiu
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fuuanmisdumes i Tnaausnasen ONE Siluadiden-137Tuihus Inan <
0.01Bq/L,<0.01 Bg/L, < 0.01 Bg/L, < 0.02 Bg/L ttag< 0.01Bg/L AN 19U wazihuwaaiiy
Hlhssdfyiivni lugmandentevesdiBon-13710guyud (Ciallella er o, 1978) uasi
SeuHaMIas Ui nadfuiun s daiFeu-137 lufesaihmuan funnurdsiudie

Hufuifuased uaznnglidamanlsdliihiduadesives Tudia wuhilagiulszduany

Q

Y 9 o o v S 2 2 A a
FUNUHUDNUUANTNIITUDIH I HIN-137 AAAIATINUIN 10 Unn1vuu wazdsum

v o

Y
luamnsIa ludea19i uNaalin 1INy 0.26 Bg/L (Radioactivity Monitoring on the Isle

of Man, 2003)
42 USuaanden-137 Judi0g19uumHg

imsnsniadedundasunuunsdaiiaaiug e SR ATRTR TR BTN
waalulszmea lliudsmsuuuiutaiiulsgsmadeudeisunuinanTaswas wui
USinaduiuanmiediumevoadidon-137 UAUNIAY 1.9040.24 Bakg ,, (RGN, 2530)
aeun'ldnsaiadiesandnsusiuunisaiiinaugda edrederioaluiln.g. 2531 v1nmsih
uwaaliliuasnsuniu Wulszdmadeudisisununaalasuas nud
UTinafuiuan s @iz vesdidon-137 IAUNIN 1.33£0.22 Ba/kg ,, (NAX1, 2531) 910

wamIsnsdiadTnadiFeu-137 lunaazdl luimsnlasunlasludanadon

=1 [ a == [ 1 [ o Y o Y 1

IMsas10Ialsuaaden-137 Jual0e19uuneaaudaati s IuiIu 6 20819

o 9 d‘ v v A = a 9 a = [ 1
asIanunsoIassdunuuan Iaswasyia HPGe 191921 40,000 IU1NABAI0E1 WA

9 a 9 % v Ao S A 2 ] ) Y A a
159529315 UANTUANINTITTUNIZ YOI FaN-137  Tuaed19uurai I TA1YS v
HIFoN-1371UIADLAIDE1UMINY 2.46£0.86  Bq/kg, ,1.87+0.71Bg/kg, ., 1.54+0.83Bg/ke,,
1.10+0.84 Bg/kg,,,1.02+0.87Bq/kg, 11a2.0040.74 Bgkg , MudFU Taginndled1ail

a 1Y v 1 o 1 1 v 4 [

YTNUAVTUANINSIFIUNIZYRITITEN-137 gIn91A1 LLD (331U, 2547) apunludl w.a.
2550 HmMIasratadsuanuiuan i@ iumzveadiden-137 ludredauunaring1ain
anlszina AduinnuamznIsumMIeIMIsIazeIguAle1s nazd lndninaulsingive
Fudas193ad1uIu 4 @r9819d81AT09 7RSI UANINYHA HPGe WUTunasuiiuaninsad

Tudedrauunaind TuTnaduiuaa ms @ s umezveaddiFon-137 iy 1.39£0.54Bg/kg,,

3.27+0.54Bq/kg, ,17.44+0.72Bg/kg, 1102.66+0.51Bg/kg,, MUMAL (F¥U 11a2@0AY, 2550)
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9
MnsenuransUiaauluieslfiansmieuded1aiiuneda (fresh milk)
o g‘ a A v a a 1 ax o Yy 9 ad Y [}
NNMIUNUNFAFHARSINUYTNIAT 20 am"lﬂmm‘ﬁmm‘uumummmmmmmumw

v v A

<3 I 1% o o )
U9 (Freeze dry) 91nmssemieliuraiudnyasane auude) dmsuildSassdunuu uay

Y
9 A

a v W v Ao @ [ dyo/ 9 a3 as =
milsuanuiuanmsa@iumnez ludled s uenantdlgduismsAnuiveyanugiulu
v W ' = ) Av Aa ~ = @ Aa A A
MINTIVIAADE1UFUIALINVINUIVeNIMTITsuReuran1sas IRl IadFen-137 1u

@ 1 Y I g} 1 o [ g’ Aa a
drograuuure ldlwihuuaannilszmeadoans Tasmsiindiedrnimuanlsuieg 8.5 aas
Y
Tdenasmsvuuimdaludnyazns azldhmiinuune 1 Alansy uazwamingl1aia

Y
Syadden-137 ludieeriunaaria milk 1 4azyda  milk 2 WUy
AuuAMNSIFIUNIZ V0B FaN-137 Tudied1alia < 0.43 Bakg ., 1188 < 0.40 Bg/kg
cn AWARY (Yu  and  Mao,1994) @0AAABINUNI3I1891UHANITATIVIAUT UM
FUTUAMNT IS UMV 9T Fou-137 Tuf19619UBURITIUIU 2 ¥iia A0 milk]l taL milk 2
Tudszmaunda vinmshidedauuuianiin 1.130 kg, 1as1.230 kg, U3alumans
Marinelli beaker ¥R 2.1 05 WUNUSMUAUTUANNTIFIUWIZVOITFeN-137 Tunuur
Y

¥a milk 1 1Az milk 2 381 < 3.7+ 1.1 Bg/kg ., 110¢ < 3.4 + 0.7 Ba/kg,,, ama1av Iagrimiin

Y d' a [ = 3’ ] ad ) Y [ 9
NN 1 nlansuasenuiaimituaa lddndsmsuuuiiedaludnyaz e lagly

151105 8.5 875 (Melquiades and Appoloni, 2004)
w =) U U v A N A
5. fnﬁﬂ3Uﬂuﬂmcﬂ1Wfn5Uﬂ‘ll53»11mﬂNNuﬂﬂ1W§QﬁmﬂQ“ﬁ!“ﬁﬂﬂJ-l37
5.1 MIATINAANIY (Monitoring)

1 ] @ A 1 < [ 1 { c;
druluginsasivialudanaden azgaiunsinudiedsnaindue wie
o a v o v A s A ~ A Pe o '
maasvialTnanuiiuaninsiduesialnad niesigiauleliinsizdludiedisnn
Y
(Y] [} 1 T % a J
Msas1dalagasq uazazalinlumswseudiosne I uTuas U1 IAIIZHNIAL
[ =1 a A 9 = Aa ] o
mstSumelszansamlagldanssa@unasgunizinie anumuuniutazeenlsznouni
v o oA A P
AT o unUA19619NA09N153AT 1z (Vagas and Guerre, 2006) A1INQNADI HAZADIIN
1 o o A 9 a A Jou @ v A Y 1 a FY a 9
wiudweanamsnstaiaie ldlsziiuia laadnuiuased ludiedradaunadon wasanld
' 4 A A Yo A a a A 9
281901910109 INHaNA NN 1FaaaumsUssiliuransenuvans ludaiadey 910

v
o a v A w 1 o a
ﬂTill@g]}‘i‘]J‘]Jﬂﬂm'ﬁ\‘iﬁﬂﬁﬂ1ﬂﬁluua$ﬂ18uﬂﬂiNfﬂEJ"llENlI‘Lg‘HEliuﬂﬁﬁﬂ‘ﬂnm%ﬂTi“]J‘i%LiJ'LJﬂW

v
1 a

a Jou @ @ @ @ a v o [ o
mllﬂaﬂﬂwumﬂ?falum ﬂnmuméj’au HaN15A5293a9e N USuIuAuTUaN TN TR
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Y
v A % 1

v 1 )
1o8ATINMINTIIANTEAUTIFNUNAaIgIn IS s U uan s 18 Tud0819 S1il9a1191n

1]
' '
a a =)

v W 0o v w %) @
saneain ﬁﬁl%ﬂﬂuj']']flcluw?')ﬂ A599MUNTIE Maisaoulueind AUYIUIUNIUIMN

ane

ad a J ™ a 1 oA
FTUUBANNTOUNT (Semkow et al, 2002) T lmssziiuanzssauaniioany
szvinANRfgIInmIInaassludesdfianisuazainiasgiuanumduduvoes
Y
v v [ a o a wva
ﬂiJiJu{B]ﬂ”IW'N?{(actiVity concentration reference Value)ﬂWS’JLﬂ'i”ISWCB”IGluﬁ}@Q‘]Jg‘}J@]ﬂﬁ

(Repeatability) n3oA Ul AUVUUINTIU (Tauhata et al., 2006)
5.2 MINUANAUNIN (quality control)

Y
I [ o W o a Y [ a wva
Wuduaoudinguesnisasiaiadiunanuiuanimsidluiewljianisnig
2 Y A P} v = Y} Voo o A A A Py o
dunadomielinanisialinnugndes miud nazmssenunansiafiedo lanszay
d' O'J Y [ 09.1’ o I 9 [ d' d' 9 1Y ] a
ANVFOTUIBEaL95 aatiuInTudesnlruguiladennertesdunisaslaialsuin
Y o v Ao a A d'd a 9 o 1 ] 1 < [ [
ANTUANINTIATUWIZVOITToN-137  NNUTuatoslua10810%Y N1TquINUAIDYI
Y
= o 1 a v [} a 1 o o v @
MIANTINAIDEN AITAATIEHAIDE NTUTULUANALTIGNUNANITIA FINTVIUADUNT
maAiuiadased wdeviinisdsuienanas gy mafisunasay  msdsuiiey
Aa A [ 1 o YY) v A =1 [
Usganinin taznsianunns1IUAYeiIIa @13seduiasgiuszdesiilususena
MIAOVNOVINHUISNUTEHINU52ma MIUszumanmsda a1 uanuiuan I nsa

TudeaelUnfSeuieuiuminga
(v Aaaa d
6. MIAIVANANIZNIINGIVIA UAZADAINIIZH

ag [ = d' 9 [ =1 ] d' A d%‘
’J‘ﬁﬂﬁﬁi’)iﬂﬂiui%ﬂﬂ!mmh1mﬂﬂ1ﬁim®i e lvramsialanuuenewnuu lay

o o = A A 1 ~ [ A a a s
‘VﬂﬂTﬁﬂiULﬂﬂUN1ﬁ§§1Uﬂlﬂ\1Lﬂ‘iﬂ\m@ 19U 1) ﬂﬁmEJ“]J“V‘IﬁNWMLWfJﬁﬂSuWUfNU’JllﬂﬁﬂﬂiJlu

v % [

U 1 (3 = a2 a v v d‘ o [) a =)
M79813 2) MsUsumevdszansninvosriiia LW@HW‘II;‘]J?HH’JT;I‘!IIiiﬂﬂ‘!ﬂiJiJu{ﬂﬂWW‘Nﬁ
o Y] 1 dy v Ao 1 [ a v W v Ada (A 9
3w lualods uﬂﬂ%Wﬂu‘ﬂ%ﬁ]ﬂ’l’lilN'sW]’l’)ﬂ"liﬂi’)ﬂ?lﬂﬂﬁiﬂﬂ!ﬂiJiJuﬁﬂTWiﬁﬁ“VliJ‘]JﬁiJ'lﬂl‘L!’E)fJG]
Y

= 1o [ a v 1 an = o 1 L) [ [ d'd? 1o
Yueny NaIased  Usuiua10819 ezl TNMSINTINA1061 ﬁWﬁiUﬂﬁ]ﬂﬂ“ﬂ“Uu@gﬂﬂl’JaW

Y A o w A A . .. A o A A A o 4
AN AUANAVDIUATDIND (Detection Limit, LD) ﬂﬁﬂﬂ']ﬂ”liiﬂﬂlﬂﬁ’ﬂﬁm'ﬂﬂijfﬂ')ﬂllﬂ (Lower

p——

Limit of detection,LLD) Usmmiuiiuaninssd@niioogalu@iod1a (Minimum Detectable

Activity, MDA) 11af1In9av84n153@ (Critical Limit, L)
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L= o W tﬂ' =} . . .
6.1 AUAINAVDUATOIND (Detection Limit, L )

= 1A o w g

< a 1 a
HU18DIA1VAIINAANINAINITOV0952uUIa tTunisUssliuadSuw

[
o

[ % v A a - v [ dd’ [ 9 dl o v v A o 1Y

ﬂ?J?J‘LMﬂWWiQﬁ@]Wqﬂ%i’)ﬂu’lulﬂﬁﬂﬂlmuﬁiﬂﬁ‘l/lﬁ?llﬁﬂ@]i’)ﬁ]’mvlﬂﬂlmxﬂﬂiﬂﬁ’lﬂiﬂ’d qd1visy
a 1 A o w [y FY A = 1 o A A A [ 2

N15U5LHUMVATINAVDINITATIVIA LLﬁSﬂﬁ’E]N’ENENﬂWﬁTQﬂVILﬂiﬂ\illf)?ﬂllﬁﬂﬁi?l‘ﬂ’m]lﬂ

A .. . A o A o P-4

1190 Lower limit of detection (LLD) WNI<AUANULEOUU 95 1losisua (1- B = 0.95)

~ A ~ -4 ° 1
UAZUANUADIALAADULNYS 5 L‘]Jﬂi!,"])’uﬁ (a =0.05) 9115 DAIUIUAT LLD 1naun1s (1)

Vo
[LDx = & 66—
Baq) Bff (1
Y
s, Mlaninaums (2)
1
§+B_ B[
% = |mp—t=x
TE'l'B TB
()
A
1310
S, = MUeuUUIAIFIHURIEAIIMINUIAGNT  (counts.sec’)
StB = awuiadedeiuauunnsnudg (counts)
B = sniudauunniniug (counts)
v v @ 1 Y 4
Tepy = NAUVIAMNDINAVLUNNITIIUA (sec)
v @ <
T, = NAUVIAUDNINTIIUA (sec)
Eff = Usz@niamuesiniadadunuiningany 662 kev @145y Cs-137

A1 LLD 19MuuassdunuaiuIsonazian1nuuana193enI19a1un

v A

J 1 v v o ] 9 a [ 9 9 U Y] 'd
NINIUALASATUUIANIDYI LLﬁ%GlGIf‘]JiSLlluNﬁﬂWi’mulﬂQﬂ@i’)\i Tumsdseuamiuiani

f
a o' 0 Y A A [ @ osjl 1 o s Y
Usadii lianuiiredeveswansinanas A9 UMITHIATLLD ﬂ‘éﬁufll]ﬂi%fgﬂ@ﬂﬂfﬂﬂ

FZUUNTIAAITNNT (3)

LLD = (kq+tkp)S, (3)
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A
130
1 d' (] 1 1 z:; =\ 9 [ 1 L!'
kg = aeggeannanieuuunasgiuuazianuaoanasdnua ey
{ N sl
wasgiuneenliAanainldiies 5 lesidud (, =0.05)
1 Aa 9 @ [ 4‘ v A S I o
kg = miilianureandesiuszaunNUFeiUi 95 L‘]Jf]i!%’l!@](l-ﬁ=0.95)
V9IMINTIAlT IR UTUANINT T
1 d' o [ [ a o % v A
s, = midsznanudeuvumnesgudmiumsialsunatuiueninid

1 v v 4

Tude19 iwoanivdauunninue varlndiResdiuaniuiasedsiuy auamananiuia

J Y 1 o Y1 A @ A o J 3 (=
UUNNINIUALATHIDY I IﬂﬂﬂTﬂuﬂGlWﬂ'I k NITAUANUIEONUU 95 Wesiguanan a = 0.05

uagl-g=0.95 AaiuA k = ko Uag kg 11U 1.645 63A13199 3

d' 1 A [ A o oy
AMTNN 3 ATk NTTAUANUYDNUIDYIAL 95

12

" I-p k 2k(2)
0.01 0.99 2.327 6.59
0.02 0.98 2.054 5.81
0.05 0.95 1.645 4.66
0.10 0.90 1.282 3.63
0.20 0.80 0.842 2.38

131 Environmental Measurements Laboratory U.S. Department of Energy (1997)

NNauMs 3) 12la

1/2

2 2
S, = (S°,+ S,

S, = ANUsAUNIATFIUUBIBATINMIULIAGNT (count.sce )

1 { Y @ 4 -
S = ﬂ’]!fﬁ‘(’N!‘UuNqﬁﬁﬁ']um@\?@ﬁi']ﬂ'ﬁ?ﬂllﬂﬂﬂﬁ’nu@ (count.sce 1)

4)
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S, = ANUBAVUNIATTIUVEIDATINGTTHUIATIN (count.sce )

1/2

Sy(2)

12 A 1 VW A o A o P-4
2kS, (2)"” 1o k (MIAY 1.645 NIzAUANMFNY 95 1lo5idud

6.2 Usnasuiuanmssdniesaaludieda (Minimum Detectable Activity, MDA)

Q

a [ &%

l¥fmuadsuaduiuaninsadnidosaalud@io619 (Minimum  Detectable

q

ld’ dUlQI wd’w d‘

I 4 o s o o v a
ACtiVity; MDA) Lﬂuﬂiﬂl%@ﬂ@ A I1NNITATIVIANITCAUANUIBDUU 95 Lﬂf]‘i!ﬁ]fu@ AIHIVUD

4
ady a o v v A @

Jou W @ @ 1 v o J
ﬂaﬂﬂlllluﬁi\‘iﬁﬂﬁ'ﬁ)\‘]ﬂTﬁ’Jlﬂi1$1’i1uﬁ’J’é)Eﬂ\iﬁ]1ﬂﬂTi'Jﬂiﬁﬁllﬂmm1uu%3ﬁﬂ’)1hﬁhwu‘ﬁ

P

v 9
Adasinavesnisasrniaizendt Usuanuiuanmssdndesgaluaiedis uonainiial

4 [KY] v o [ a J a a J J
MDA ﬁu@ﬂﬂﬂﬂﬁn]hb‘llﬂﬂﬂﬂnﬂ WﬁﬁﬂWusllﬂﬁu'Julﬂﬁﬂ %uﬂﬂlﬂﬂu@hlﬂaﬂ 23AU52NOVUVDY

U

v A

1Y [l (Y 1 1 o a 1 I'4 5

A10819 tazaua uazglnsamruz lddie619 unasdudanunns1IUAFINIINTIE

ADENN §INIA FIAVINUHAINUNUASITAIUTITUIA 910N15ATIVIALT NN T UANINT 9T

o a A Y ] 1 ] a A Y v 1Y dr; 1 1 =* 9

JUMVoITFo-137 Tudreonadiulvaaellsunaiuiuannsid@diniin1 MDA 33603
Ql (% g 4 U o a I'd Y] a ana

munalumsdaldenuiuduiioansdl MDA  1aziinsiaI1zinan1Iiad 1835 n19ana

U MA1INgA tazALdouuunas g Iiod udunansiantea 19N s amuiuanmseda
YA ] d' A d? ad o

195NN F0DDVINVY LFAIITNITAIUIUNNAUNS (5)

k4 Y
v o

@911A1 MDA Y1108 NN13

MDA (Bq/kg.fresh) = 4.66 S, (5)
Eff xW
A S, 0
1
s - |StB_B F
T |TEe T
(6)
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liio

s, - midsuvuinasgmvessasniviagnd  (countssec!)

StB = anfudadedufununninug (counts)

B = sniudauunniniue (counts)

T,, = hanuiadeduiuuunninue (sec)

T, = naniuiauunninua (sec)

Eff = UszAnSmmvesiafassdunuaniinganm 662 kev d1m5u Cs-137
W= thwindedian (kg,..)

'
[ % a2 o w [ =

A I v o A 1 2 "o
NFAUNT (5) poiluiladed AN INaNUAIUATINAVDINITATIVIA FIVUDYNU

a a v @ a @ 1 iy Y A a A Yo o 1
Useansmmvosmstivia Usunadioss (WIUD ‘Viiﬂﬂilﬂﬁi) waznal¥iaaedis oy

]
v o do

1 [ v @ a 1 4
u‘wuﬁﬂuml,ﬁmmummgmmmamwmiumﬂqm (S,) HazAUuNNINIUA (B)

6.3 ANINQA (Critical Limit, L)

=L i)

)"‘B"D NG

Not
@ Background _ " . Detected

May | WILL
be be

MU 2 MINUUATZAVVDINTAIIVIA L 1oy L,

la11: Gilmore and Hemingway (2004)
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v
aA a

a A 1A < a v W o 1 o 1 i
IUIYIIN NINN 2 ﬂTJﬂf]@l!‘]_]L!‘]JiMTﬂ!ﬂNMHﬂﬂWWﬁQﬁVIMﬂgﬁ]ﬁﬁiu@nﬂﬂﬁ 15luns

o ' v v A2 1 J { I 1
MUUAMUUIA NITNTSYAIUUIN (a) FJQ‘V]Né’huG]?"IEJ‘]J’E)QﬂWLﬁENL‘]JH?JWﬁﬂ"IH (C 0) ua

v [

@ 4 ] % [ 1 I J {
HUIAUUNNTIIUA UliJfIﬂllllUGlﬂ1Wi\1’€dT Lmmiﬂizmmﬂugﬂammmazmgﬁmmummgm

4 '
Jd v o =

WANNFUE AfuAUIaNegN1uNUe G

] 0

< 1 v W Jd 1 = @
Uiy IanunNnINUATUIAYINY

(% a Y a 1 A

1 1w A @ A [ 4 o I3 o 1
mumu‘u3@1’dmﬂma%m”lmiwzaamua L. mwmmmmg%uu 95 1WosIFUANA

q U

probability interval, 0L 111111 0.05 (k  factor = 1.645) AIAIT NN 3 UALAITNTZIE (b) AN

(% Qd‘ 1 zﬂl o'/ Y1 a8 A (% Y v A A % 1 [ 0911 1 d‘
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Source (point source) Energy (keV) Channel number (channel)
Cs-137 661. 66 1321
Co-60 1173.25 2346
Co-60 1332.50 2665
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MP 545
Nuclide Half-life (T,,) Energy (keV) Eff (%)
Cd-109 1.195 88.03 0.80
Co-57 0.074 122.06 1.06
Co-57 0.074 165.85 1.12
Hg-203 0.127 279.20 0.93
Sn-113 0.315 391.69 0.63
Sr-85 0.178 514.01 0.54
Cs-137 30.2 661.66 0.37
Y-88 0.315 898.04 0.32
Co-60 5.277 1173.25 0.23
Co-60 5.277 1332.50 0.21
Y-88 0.292 1836.60 0.18
Y-88 0.292 1836.06 0.992
Efficiency Calibration
1.20
5.85
Lo #£25%8
j 279.20
£ 0.80 4—88-6
3 \
g 0.60 391 69
g \0\514.00
= 040 5
8.04
0.20 1882-56—3—1o15 50
0.00 T T T
0.00 500.00 1000.00 1500.00 2000.00
Energy (keV)
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AMANTAUBIANITIAMINTGIU MP 545

@ o Aaa % < {
Hanvauzdusaniea NevewdyrounaINusT9aelun¥ug Marinelli  beaker

a saa

9 a £ Aa ' A A A
AINPUUA 1 ang i]%ﬂi%ﬂﬂﬂﬂ?ﬂuﬁqﬂaﬂﬂﬂﬂi\‘i%ﬁ@]ﬂ'l') IBU HIHIN-137 WA

v o S Y 1

[ a [ < I YY) [
PHUAMNSITTUAU AV 3.03 x10° 1nAolsa (Bq) 1Hua1snIasguiuiuased a1n
UTEN Isotex  #41A5UMIAOUIRBUNIATFININ Deutscher  KalibrierdinstDKD,PTB (3% a

o 1 Aa A v o i a d v [} nsz}
DKD-K-06501) anu13naziin lmailszansmmueariaia odinsizvidiena ldne aaus
< &2 o~ v v A I 1 A 9 3 . ) ~
VOILVILALVDIHAD BFINTLAVSTIA TUAI0819aIAaeNA (Lavi, 2004)  n1sUSUnew
a a o . . [ d a Jd a a
Use@NEMNUBINTIA (detection efficiency) dztiluilse Teminensiasizidalsuna use
a Y C% v A 2 1 1 d' a nﬁgl Y 3 =) a a
sanyiuannssdludieds uanansznunnadvulagase numsisumeullszansaw
[ A a o [ &Y ] 9 A Y [ a
Y9IN13IA AD JUNTIMAITVIAAAd ISR IZHAY08IzAB RN ITIzaNAD T
a @ ] d’ Q‘ - ¥ a 4 [ = a A
waz siaded1uNaNAN 1 (sensitivity) TuMIAns1zitaznsdsuiendszansam

v o Y A v aaA [ a 4 [ ~
UBINIINA ﬂgﬂﬂ\uﬁﬂﬂl‘lﬂjcﬁj‘ﬂﬂi\?ﬁ‘ﬂlﬂll’]gﬁilﬂ‘Uﬂ’]ﬁ’Jlﬂﬁ’]g‘ﬂ UFEANAININNUINT V1

v W v A
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AMANTAVDIANITTINNATFIHUNNG TAEA -152

< @ a 4 a A v v ) v v W I
THiuensseddedanasguie ldvnlse@niamuesiada munzdmsuiadiedis

A J g a d A [ v A9y A A o o <
nHeenlsneuveRlRaS (unIny) IHUDUNUTITINADWIININTIIU uaﬂyngﬂumamm/

4 a

REHIGEE @T’mfingﬂmﬁ;aﬂum%uzﬂizmﬂwmaﬁﬂﬁﬁmmmﬁ'uvhgmﬂﬂan 7 1B UAINAT
ANUGL 5 IBUAINAT §1559F0199911A55 11 Powder Milk TAEA-152 fhimingeda 160
nfu waaidie 31 Famay 1987 Haruuseadsuduriiiy 2129 Bake 1lsenoudieansied
WATTIUTINTIUIU 4 ¥UA 15U K-40, Sr-90, Cs-134 tiag Cs-137 HANULIITITNIAY 539

Bg/kg, 7.7 Bg/kg , 764 Bg/kg t1a 2129 Bg/kg 1ua1AY

MWHUINN U2 J1359F019BIIMTTIU AEA-152

ABMUIUHIANUUTITITUOIATTITINaT IUd vl T Ul se ansn e

v @

e funamianuusesidvesassedmasgd o datume ldmlsz@ninamvesiaia

RNAUMTAIUIU A = A.e (15)
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A = mmsaagddvesnuiuanni i@ luilegiiv
v o v o aA g
A, = NUTUAMNSIFTUAY
0898 o o : o
A o= = (@31 Cs-137 UA T, 11101 30.2 1))
. iz
£ Aa a Jou @ v A
T, = nA395IAv0947 lnadnuliunsad
d‘ [ % v A % 1 1 d‘ Q‘ Y =
t = namdstuiuaiidaalediegedeiiosnnnar luaousuAUINDN

nanilagiiu (Mide Ju)

4

o o aw Yo 1 a A v @ a aw @ 4
’ﬁﬂ’ii‘ﬂ\ﬂui}fﬂElﬁhlﬂu1ﬂ1ﬂi$’ﬁ‘1/]‘ﬁﬂ1WGUEN1/T’J’JWHuﬂ HPGe ﬂ1ﬂﬂ1u3ﬂﬂﬂlﬂﬂ%i$uu1/]

2547) lannlszansmnueainiawiia HPGe d15uin laaaiuiiuasad Cs-137 a1ea1s

§9811M591U Powder Milk TAEA-152 119 3Uil 19 WOBAIAN 2004 1WOHIAWLTISIA a1,

nanilagiiu 9nauns (15)

A, = ANUUSISIEVIETIIATEIY B A UTUAY

A = ANUUSINEVeIEsaI TN oL naiegiiv

unumad luaums (14)

AN

Mt
A = A€

-0.693/30.17 (16.667)

2129 e

-0.383

2129xe

2129x0.682

1451.98 Bg/kg
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9
o

AU 959d o agiiuminy 1451.98 Bg/kg M3riA1iuias iy 910M15H1

A2 ANTNMNUVOIRITANAUMIAY 55952 counts ANIALUNNTIIUA 1285 counts 1F17a17A

WU 30,000 IUN

anivieagns = aAnfudasan - AnfuuunnIue
= 55952 counts - 1285 counts
= 54667 counts

a

BATIMINVIAGNT = MUUIAGNT counts.sec”

1391

= 54,667

30,000
= 1.82 counts.sec
MIvlszanimnvesriaia
Eff = cps/dps

= 1.82  cps

1451.98 Bq/kg x 0.160 kg

= 0.0078
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Kalibrierlaboratorium fir MessgroBen der Radioaktivitat
Calibration laboratory for measurements of radioactivity

Akkreditiert durch die / accredited by the
Akkreditierungsstelle des DKD bei der

AEA Technology QSA GmbH

Gieselweg 1

38110 Braunschweig, Germany

Phone +49 5307 932-0, fax +49 5307 932-194

Source No. MP 545

PHYSIKALISCH-TECHNISCHEN BUNDESANSTALT (PTB)

DKD-K-06501
013832
DKD-K-
Kalibrierzeichen 08501
Calibration label 04-07

Kalibrierschein

Calibration Certificate

Gegenstand

i Geometry Reference Source
Hersteller

Menufacturer AEA Technology QSA GmbH
Typ

Type QCR14

Strahler-Nr.

Source number MP 545

Auftraggeber

Dieser Kalibrierschein dokumentiert die
Riickfiihrung auf nationale Normale zur
Darstellung der Einheiten in  Uber-
einsimmung mit dem Internationalen
Einheitensystem (Sl).

Der DKD ist Unterzeichner der multi-
lateralen Ubereinkommen der European
co-operation for Accreditation (EA) und der
International  Laboratory  Accreditation
Cooperation (ILAC) zur gegenseitigen
Anerkennung der Kalibrierscheine.

Fir die Einhaltung einer angemessenen
Frist zur Wiederholung der Kalibrierung ist
der Benutzer verantwortlich.

This calibration certificate documents the

LY v A

myeni a1 luSusesmsaeuiouasgiuialnadnusiuased Mp 545
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Seie
Page 2

Geometry Reference Source

DKD-K-
06501

04-07

Source no. MP 545

Drawing VZ-700/2

Volume approximately 1000 mi

Density approximately 1.0 glem?®

Construction The radionuclidic mixture is homogeneously incorporated in the

matrix of the source.
Nuclide Gamma-ray energy Activity Emissi:{n rate
[MeV] [Bq] [s]

Cadmium-109 0.088 1.71E04 6:21E02
Cobalt-57 0.122 6.57TE02 5.63E02
Cerium-139 0.166 7.55E02 6.03E02
Mercury-203 0.279 1.47E03 1.20E03
Tin-113 0.392 2.81E03 1.82E03

MNHUINN Al (519)
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\(’,"’ \, International Atomic Energy Agency
\{\ !1}’ Analytical Quality Control Services
n_-}_,?_,q_{f Wagramer Strasse 5, PO.Box 100, A-1400 Vienna, Austria

REFERENCE SHEET

REFERENCE MATERIAL

IAEA-152

RADIONUCLIDES
IN MILK POWDER

Date of issue: January 2000%

Recommended Values
(Based on dry weight)

Reference Date for decay correction: 317 August 1987

Recommended Value 95% Confidence Interval .
Element 1 : N*
Bq/kg Bq/kg

R 539 510574 28
N5y 77 7.0-83 16
Pcs 764 722 - 802 34
Bics 2129 2053 — 2209 35

* Number of accepted laboratory means which were used to calculate the recommended values and confidence

intervals.
®

Revision of the original reference sheet dated November 1988

The values listed above were established on the basis of statistically valid results
submitted by laboratories which had participated in an international intercomparison exercise
organized during 1987. The details concerning the criteria for qualification as a recommended
value can be found in the report (IAEA/AT/009) "Report on the Intercomparison Run
IAFA-152: Radionuclides in Milk Powder" [1]. This report is available free of charge upon

request,

mwenil a2 luSusesmsaouiioua3819991AT5 11U TAEA-152
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Intended Use

This sample is intended to be used as a reference material for the measurement of
radionuclides in milk powder. It can also be used as a quality control material for the
assessment of a laboratory's analytical work. for the validation of analytical methods and for
quality assurance within a laboratory.

Origin and preparation of the material

The milk powder was donated to the TAEA by a milk processing facility in the former
USSR. The material was produced from cow’s milk obtained from animals that had grazed on
land contaminated with radioactive fallout resulting from the Chernobyl incident in 1986.

A bulk sample of approximately 500 kg (in 25 kg sacks) of milk powder prepared in a single
batch was received by the Agency’s Laboratories at Seibersdorf. After a preliminary homogeneity
test. the material was bottled into plastic bottles in 250 g units without any further processing.
Subsequently, the samples were irradiated to a dose of 2.5 x 10* Gy using a %Co source to ensure
long-term stability of the material by inhibiting microbial action.

Homogeneity

The homogeneity of the bottled material was assessed by measuring the B4cs and Pcs
activities in twelve bottles. chosen at random. using gamma spectrometry. On the basis of the
results the contribution due the heterogeneity of the material was less than 3% and therefore the
milk powder could be considered to be homogeneous for a sample size 250 g.

Dry weight determination

All recommended values are expressed on a dry weight basis. Therefore the dry weight
must be determined at the time of analysis. using separate sub-samples of at least 500 mg dried to
constant weight in a drying oven set to 105 °C. Subsequent weighings should differ by less than
5mg.

Instructions for use

The recommended sample size for analysis is 250 g. Analysts are reminded to take
appropriate precautions in order to avoid contamination of the material during handling. No
special precautions are required for the storage of this material.

Legal disclaimer

The TAEA makes no warranties, expressed or implied. with respect to the data contained in
this reference sheet and shall not be liable for any damage that may result from the use of such
data.

References

[1] Cooper E. L., LaBrecque I. J., Dekner R., Reichel F. and Schelenz R.. Report on the
Intercomparison run TAEA-152: Radionuclides in Milk Powder.
IAEA/AT/009. IAEA, Vienna. Austria 1988.
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ABIATANNIVENS
1. WeunTesiluan uay 1AT04 spray dryer (Buchi —190)
2. szneunieaiie Tasnyuiuilsuanuussay agi 60 (Flow Control)
3. ﬂﬂﬂ‘JJAspirator control (on/off) U5un7 ﬂﬂﬂ‘n heating control U5ulans (inlet

temperature IMAY 170 + 10 OSAUTALTOE 11a2 outlet temperature (AL 100 + 10 041
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4. na1jy pump control Y5117 3 iietloudiodiatimy U3 aas/ dredn u
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Y
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6. ﬂﬂm?@ﬂﬁﬁﬂ%ﬂuiﬂﬂﬂﬂﬂm pump control heating control Lmzﬂu Aspirator control

Tlhquéd udrnmaetfuilania (power) auddy

¢S w ] A v ° o o ' M
7. ﬂ@ﬂQﬂﬂiﬂ!‘ﬁf‘]\?ﬂ'ﬁclﬁlf\?'lulWﬂa"N NIANUFL DA Llﬂgu']ﬁﬁ@ﬂ'l\TUNW\?]l‘]J%Q

Y
% 1

UIMINUUIENTY 1IN1TNARDIIUATUNNAIDE N

v Y 1
MWAUINN 91 MIAAAITEVUNIRINUATEN Spray Dryer (Buchi-190)



68

HANNIHAAUNNG U spray process (spray drying)

g’ g’ S 3 g o
Tasmsszmeriliuuesn IUaNwdudY 45-50  1os1Fud nouazyinlnuia

v o 9
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Y E4 4 4

NanAUN dvy hmdaeaadaaiium Wmineaadaeiiig
v A10819 (kg ... MBIATEE
(kg )
Pl 1 1.01 0.07
2 1.01 0.07
3 1.00 0.07
P2 1 1.01 0.07
2 0.99 0.11
3 0.99 0.07
U3 1 1.02 0.07
2 1.02 0.06

3 1.02 0.06
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blank detector, 05-08-07

10000 = 4 7 T ; 1 i T

ERREE

1
i

i

100
=
H
<)
10 ‘Jg
- =
y . : i - 11 i H ]
.00 1023.00 2045.00 3068.00 4091.00
Energy (keV)
Acquired: 03-Aug-07 14:52:51 Real Time: 75510.32 5. Live Time: 7548938 5.
Fite: C\User\KASERT~2\biank! detecmr,()t% -08-07.Chet Channels: 8192

Detector: #1 MCB 25

d’ - 1 dy v
MUHUINN 1 ailnasuaminuras

Khitlk 26-02-07, 1175.90-185.259

10000 : ; : ; : :

IRk

RN RARH

f K-49 =
-
@ d5-152
£ 100i— { b
O 125 puuty
2 F =
19 =
i . ; : 1 ‘ [ 8l i ‘ e
G.00 1423.00 2045.00 ?068 0 409060
Energy {keV¥}
Acquiredd:  26-Feb-07 18:31:17 Real Time: 100000.00 5. Live Time: 100078.00 5.
File: Cr\User\KASERT~1WMILK 28-02-07,1175.90-185.25. Spe Channels: 8192

‘Detector: #2 MOB 25

Y o a o J o
ﬂ‘lwwu'gﬂﬁ B2 ﬁlﬂﬂﬂiuwa@ﬂm“ﬂumwﬁuﬂ Pl
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JMELK 250207
Millk 1176.98-185.37g 24-02-07

1000 -+

Counts

I R

%

il

RN

0.00 1023.00

Acguired: 25-Feb-Q7 12:12:22

Fller CUsenKASERT-~1UMILK 25-02-07.5pe

Detgctor; #1 MCB 25

Y

]
465000

i i
3068.60

3046.00

Energy (keV)

Real Time: 100000.00 5. Live Thne: 10014200 s,
Channels: 8192

MWD 33 aidnasunansaaitiuuyiia P2

ninongpo ,1203.26-185.28 g ,04/02/07

10600 = : : T T H s
000 —:TI s 0 é
i P =
| | 3
i -
oo ; |
ol | .
JE i
Sigpt T %1 G | w
2 = W ; ] =
8 = H | i {3
E | | i
1 | | |
: ; ] [
i :
10— o i—z
3 5
5 =
i
=
C i j ! i i il il wd
.00 - 10623.00 2046.00 3068.00 4040.00
tnergy (keV)
Arquired: 04-Feb-07 10:40:4% Real Time: 100727.00 s. Live Time: 100000.00 s,
File: CiserKASERT~1\ninongpo (4-02-07.Chn Channels: 8192

Detector: #1 MCB 25

Y

{ [ a o J o a
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KKSERT POWER MILK ,118.77-37.80 G, 17-05-07

10000

YT
RIS

i
i

1000 -

oLl

100

* Counts

Lt

e E
- ; 3 ! y o 1 iEEE I |
a.8e J 1200 2045.00 3067.00 4089.00
Eneray (keV)
Acquired: 17-May-07 10:07:47 Reat Time: 8032.64 5. Live Tirne: B0O00.00 5.
File: C\User\KASERT~ 1\ SAERTPOWER MUK, 118.77-377.80 G,18-05-07 Chne Channels: 8192

Detector: #1 MCB 25

Y
4

MWHUINT ¥5 ailnasundaduaitihunuuuiiariia Pl

Jpower méik(B} . 109.18- 43.02 G, ,22-03-07

10000 = " : T T T 7 E]
1000 =
s ]
|
100 "
Courts  I-
e
| ; i : i
.00 1023.00 2046.00 068,00 409500
Ernergy {keV}

mﬁifed: 27-Mar-07 17:40:25 Real Time: B0G73.86 5. Uve Time: 80000.00 5.
Fite: Cr\User\KASERT~1POWER MILK(3) ,109.19-43.02 §,24-03-07.Chn Channels: 8192
Detector: #1 MCB 25
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MWHUINT 16 ailnasunaadaaiihunuuuRiaYiia P2
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NAMNEUINT ¥1- ¥ 6 AITATIVIAYUTIIUNUTUANINTITIUNIZVI Fieu-137
Aa o o’oy a o c’g’ o Y a o @ v A A
lumandaainuy tazHaasamiuNLUUR AT azastanuin lnadnuiuassdmadeu-137

=

Iy 1 v W 1] 1 I'4 9}cu a
ANGIU 661.66 keV. zUANTUIAlNARGINUAMUANTIIUA UDNIINTTIATIINUFIIA

1 9 9
o v A [ @ 4

i laadnuiiuased MAaausIIua lua198 1 HaaN AN U HASHAAD INIIUNIUL

9

e 15 Pb-212, Ac-208, K-40, Bi-214 1oz TI-208 Wudu
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3 " v W a [ o g’ a 1 Y
M3 a1 Aniudalunaaduaiiiug ¥iia P1 P2 U3 tag U4 mMandeuiuuasgiu

A o a 4
11NA50939 lag 1Us1nTUAATIZH Maestro-32 (MCB-25)

[ a

paeAuuN  nadiaied  anivdesiy  anivdegns  AndeuuuuaIgu

(sec) (counts) (counts) +(counts)
P1 (1) 100000 508 62 31
)] 100000 507 49 31
3) 100000 525 71 31
@ 100000 441 36 29
P2 (1) 100000 507 98 30
2 100000 419 50 28
3) 100000 583 72 30
(@) 100000 682 92 31
U3 (1) 100000 483 43 30
2) 100000 632 43 31
3) 100000 643 43 30
€))] 100000 658 58 30
u4 (1) 100000 640 85 27
) 100000 683 45 31
3) 100000 672 59 31

4) 100000 634 91 30




v Y
1 v W a o d o a a a ] A
minwuanﬁ B2 AMUVIANAANUNUIUNSUA P1 P2 1oy U3 iﬂﬂﬂill'l@]il am‘lﬂmm%
o Y oA A [
DITUUUNIUENY HIANVIAVUNIATITHNIINATONIA TaaTdsunsy

AATIZH Maestro-32 (MCB- 25)

v A

Fld
panduaiuy  nariased

1 a

AiuiaTn anludagns  ANUsuuUNIAIFIY

MUV (sec) (counts) (counts) +(counts)
P1 (1) 80000 472 84 21
2) 80000 475 101 21
3) 80000 549 94 23
P2 (1) 80000 454 94 24
2) 80000 458 80 24
3) 80000 478 115 23
U3 (1) 80000 442 78 21
2) 80000 457 79 21

(3) 80000 458 86 21
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9 % 1 9 a 4 [ a o J
VIYANITHIAMUUAIBYN e 1Usunsuns el nasy Maestro-32 (MCB 25) luwaanum

Y

WU e P uay U

Detector # 1 ACQ 18-May 2007 at 9:39:36 RT =80029.1 LT = 80000.0
MCB 25
K SAERT POWER MILK (1) , 119.31-44.92 G, 18-05-07

RANGE: 1319 = 658.63 keV to 1330 = 664.12 keV
AREA : Gross = 472 Net = 84 +/- 21
CENTROID: 132479 = 661.52 keV

SHAPE: FWHM = 1.94 FW(/5)M = 2.52

ID: Cs-137 at 661.62 keV

Corrected Rate = 0.00 +/- 0.00 cA

Detector # 1 ACQ 22- May 2007 at 9:35:30 RT =80035.5 LT = 80000.0
MCB 25

N POWER MILK (2) ,115.36-45.97 G, 21-05-07

RANGE: 1319 = 658.63 keV to 1330 = 664.12 keV
AREA : Gross= 442 Net = 78  +/- 21
CENTROID: 1325.14 = 661.69 keV

SHAPE: FWHM = 1.74 FW(1/5)M = 2.29

ID: Cs-137 at 661.62 keV

Corrected Rate = 0.00 +/-0.00 cA

Detector # 1 ACQ 22-May 2007 at 11:22:29 RT =80010.9 LT = 80000.0
MCB 25
N POWER MILK (3) ,102.94-43.02G, 22-05-07

RANGE: 1319 = 658.63 keV to 1330 = 664.12 keV
AREA : Gross = 457 Net = 79 +/- 21
CENTROID: 1324.76 = 661.50 keV

SHAPE: FWHM = 1.29 FW(1/5)M = 2.70

ID: Cs-137 at 661.62 keV

Corrected Rate = 0.00 +/- 0.00 cA
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AUNNTIIUA — 388 counts Wmindledda 1.01 kg,

ﬂ'”I‘LT’IJTcI‘i/l% = &4 +21 counts

v

NaIAsId = 80000 sec

1. AU specific activity (S.A) 910

84 + 21
80000 x 0.007x1.01 80000 x 0.007x 1.02
9HY SAA = 0.15+0.04 Bgke,,

2. WIANUIULULINTIIUUBIOATINITHUTAGNS

M s, = S +S

B
12

472 + 388
80000 80000°

MR 0.0003 cps 30 0.00037 cps x80000 sec = 29.6 (29 counts) 38 0.052 Bq

3. M3AUINOAVOINTIA (Critical Limit,L_.)

AU Critical limit (L) = koG, ko = 1.645 (3zAUANTONY 95 %)

; y
We o, =0, =V2.0

ety L. = 1.645.\/2.0NB

2.33 x29 counts

68 counts
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o ! 9 [ 1< 1 v o v A S R
NIIATUIUAT L, ﬂﬂuﬂa‘]Jul‘]JL‘]Juﬁu’)ﬂﬂﬂJﬂJuﬂﬂ'lW’NﬁGUEN“m%ﬂﬂJ-137 (Activity, Bq)

o 1 a o 4 a

mamwammmumgﬁ'wu@ P1

NAUNIT Eff = cps/dps

Net count rate = 68/80,000 = 0.00085 cps

k4
[ Y v v

UANUTUANMNTIT (Activity, Bq) = 0.00085/ 0.007

0.121 Bq

[

1A o A A £ 4.
4. MUANAVDAATOIND (Detection Limits, L)

AU L, = koO+ kpO, W0 ky = ko 10D 1.645 ( NT2AUANNTONY 95 %)

68+1.645.(\2 Gy, +1.645) = 120 counts
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