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SUMMARY

I. Project Title

Development of Rapid Analytical Method and Equipment for the Radionuclide of
Agricultural Food in Field

II. Achievements against the Objectives of the Project

Classificafi Patent Software Paper
assification Application Registration Registration Non-SCI SCl
Objective 2 1 1 8 5

Achievement 8 2 5 5

Classification Product Policy Proposal Education Public Relations
Objective 3 2 5 3

Achievement 3 2 9 5

II. Objectives and Importance of the Project

When the Fukushima accident was happened, although, a very small amount of
radioactivity was lately detected in Korea because of the prevailing westerlies, we
experienced more confused than the other countries. A majority of the people were haunted
by the fear of radioactivity and the people highly have concerned about food so far.
Therefore, the radioactivity inspection for imported agricultural food was strengthened after
the Fukushima accident. But, because the items of the agricultural foods are various and
they have different physicochemical properties, it is necessary to develop the reliable
inspection system from pre-treatment procedure to radioactivity detection, analysis and
assessment stage. Also, to prepare the radioactivity leakage accident happened in domestic
or neighboring countries, it is important to develop the analytical method and efficient

management system for health of the people and the safety of the foods. Because we



import all radioactivity analysis equipment for agricultural foods, when the radioactivity
accident happened, it may be difficult to secure the equipment due to demand increase or
price rise. Therefore, it is necessary to localize the radioactivity analysis equipment for
agricultural foods and to develop the suitable system for rapid inspection. In this research,
we developed the rapid analytical method and rapid inspection system for radionuclide in
agricultural foods. Also we developed the radioactivity analysis equipment for field
inspection and RM and CRM for reliability management for analysis result using the
agricultural, livestock and marine products in domestic circulation. We improved the
reliability of the data and developed equipment by proficiency test for related organization
using the RM and CRM developed in this research. In addition to, we proposed the
improvement direction for the domestic radioactivity inspection system and developed the
continuous and efficient bilateral risk communication way to avoid the spreading anxiety

for food safety and reliability decrease for related organizations in radioactivity accident.

IV. Contents and Scope of the Project

We developed the rapid analytical method for agricultural foods by improvements of the
laboratory analysis and deduction of the linkage technique. The rapid inspection manuals
for radionuclide of agriculture foods were developed by the field assessment. We
apprehended the problems in the radioactivity management system of the related
organizations and companies and prepared the improvement way by investigating the
current state in domestic and overseas and comparing the radioactivity analysis method.
Also, we suggested the method of suitable information offering and bilateral risk
communication by information collection, awareness investigation, expert consultation and
seminars for radioactivity and food safety.

We developed the system hardware, shielding container for the detector, movement
system and analysis program to make the portable radioactivity analysis equipment for
rapid inspection in field. Also, we assessed the performance of the developed system by
analysing the RM and real sample and comparing with the result of the imported system.
We developed the thirty six of the RM or CRM using the agricultural, livestock and

marine products to decrease the experiment error and secure the reliability.

V. Result of the Project

1. Development of the rapid analytical method for agricultural products and

improvements of the radioactivity inspection management system

We developed the qualitative and quantitative radioactivity analytical method for
agricultural foods by decision of the analysis time according to the MDA, setting of

the LOQ, improvements of the laboratory analysis and deduction of the linkage



technique with rapid analytical method. Also, we developed the analysis procedure for
developed system and analysis program, and made the rapid inspection manual by
field assessment for developed equipment and analysis method. We apprehended the
problems in the radioactivity management system of the related organizations and
companies and prepared the improvement way by investigating the current state in
our own and other lands and comparing the radioactivity analysis method. Also, we
suggested the method of suitable information offering and bilateral risk communication
by information collection, awareness investigation, expert consultation and seminars

for radioactivity and food safety.

2. Development of the portable radioactivity analysis system for agricultural
products

We developed the standard of the portable radioactivity analysis equipment by
understanding of the current technology state and the patent trend. Also we
developed the separable Pb shielding and transportation cart suitable for lower MDA
value (Nal(Tl) : 20 Bag/kg, HPGe : 3 Bg/kg). The developed multi channel
analyser(NeOMCA) can be used for both Nal(Tl) and HPGe detector, and it is
possible to measure radioactivity for long-time using the inner battery. It enable to
secure the reliability level of the developed equipment as the existing commercial
products. We developed the food analysis DB program to manage the informations of
the agricultural product samples totally. And we developed nation’s first the
Korean-language program(NeoGMA) of gamma radionuclide analysis for general-user
group Wwith functions of gamma radiation measurement, radionuclide distinction,
radioactivity computation and MDA assessment. According to the comparison
assessment using the commercial products(Canberra Lynx MCA & Genie2K program),
CRM and developed RM by KRISS, we secured the reliability of the developed
equipment. Also we confirmed superiority for field utilization by field measurement in
NAQS(National Agricultural Products Quality Management System) and Samsung
Well Story.

3. Development of the CRM for the agricultural, livestock and marine products

For the first time, at home and abroad, we developed CRM using the wheat flour,
anchovy and chicken as the agricultural, livestock and marine products. We have a
plan to use the CRM as abroad comparison test substance and to supply the CRM to
radioactivity measurement organizations. These enable to raise the reliability of the
measurement data by utilizing for the quality management of the radioactivity
measurements. Also developed RM and CRM were contributed the quality

management of radioactivity measurements by utilizing for proficiency test and



comparison assessment for developed portable equipment.

VI. Accomplishment of the Project and their Applications

1. Accomplishment of the Project

We developed the rapid analytical method for agricultural foods in field and the
manual. Also we developed the portable Nal and HPGe system for radioactivity
measurement and analysis in field. These equipments satisfied the MDA compared with
the commercial products. In addition to, we developed the independent multi channel
analyzer and confirmed the reliability level as commercial products. For the first time,
the food analysis DB program and the Korean-language gamma radionuclide analysis
program for general user group were developed in Korea. We developed the thirty six
of the RM or CRM using the agricultural, livestock and marine products to secure the

reliability for measurement data.

2. Applications

O To minimize the social-economical damage and supply the safe agricultural foods to
people by improvements of the inspection system and field application based on the
developed rapid analytical method

O To reduce the budget by replacement for the imported equipment and to secure the
original technology by development domestic radioactivity inspection equipment for
agricultural products

O To raise the reliability of the analysis results by utilizing the developed RM and
CRM

O To utilize the policy proposal for improvements measures by understanding the
problems for domestic radioactivity management system based on the collecting
information

O To resolve the consumer’s apprehension by utilizing the awareness investigation and

bilateral risk communication measures
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107 e

Co-60
108 (1173 keV, 100%)

\\ Ca-60
(1332.5 keV, 100%)

TR

104___ bt N

Yol pbes ) v-88 Co-60 sum peak
g L% (1836 keV, 99.2%) (2505.5 keV)
1034 N
Y-85 >
(898 ke, 93.7%) i,
A
102} ) - |

x\w P

0 500 1000 1500 2000 2500 3000
keV

a% 3112 AR #A4 Al FARA

1}

fo

Iy 31125 BW Co-609 A 1173 keVe 13325 keV7E BAlo WEE 7] wjFo] F
s7F FAE 25055 keVAlAE Aol voi= AAH HATE 25055 keVoel e ¥
13315 keV$F 1173 keVollAd 23571 o157 W&o AAZ Wibs 525 A4t o

L= wAEe] HAg -839] A¢E #2 olF=E WAlFo] vrold 4 3l

Y
=
=EET RAAUHE dAENES dd BEHe duA v ez Atst

= o 1|
3113oAM = AFad FAFHEA Cs-1340 e =S JFH o= HoFi v
Cs-134= MIEte & st <ol true

= 2
Ba-134= WgE =t ojuf ofz] WAdo] WEH o
FA A B FEgS v AL 60471 keVe 795.85 keVolt) o]+ A

¢l 6 psHiol A Ao W= WEEE g E=7] vl 7 ooluAY
Ao|A] EAEA peak” colu AT EYNE uyskA ¥ 604.71 keVel 795.85
keVE o] &3t Cs-134 WA 52 AA 3k

+
e
o,
o, R

Y 2

2.062y
= 134 ey 52
cs s
&5
53 »
99.9997% SO > L
27.40% e 24 1969.87
N A
Ly
2.48% | ¥ N 1643.39 4g ¢
70.11% € Lo & 140061 gy o
&3 .
0.45% TR ¥ 1167.939 55
R
0.008% % 604.705 5 1 s

0

a9 31.13. Cs-134 & B9 %=

Cs-134 AFol el % SAFHRAE Helafol she dFNE Ba-1330 ek BAFH RS
g nelsts PEe F oluAe] FolA el peakrt AFEES o T3 S F ul, £
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$74 peak WEWF A A BASTF= WHE ol &Sttt 29 311494 = =
e A TolM Ba 133, Cs-1340 wisiM ARG S aefshA ks d5ok aeds 7
= ol @y Hag s HolFal %EP el A B Cs-134 % Ba-1339] 4¢3
e EhA koS A9 A 20 %9 FuiAtel s ®ela gth

|§IW/O coincidence summing M@ With coincidence summing

0.80

0.60

0.40

0.20

0.00 !

a9 3114 sAEAES BAsHA fks Aok d= A5 WAbe = v

AL F ooldA R ok Al JH R Ul AR ol e AUAZE FAHAM EAE ok7]st
= 2AS A syl A F AU ATE dAEsE deE duEd a9 3115%
A 4 glv

3 Summing probability
/ . (geometry only)
/' Area of sphere = 47R? =g = dala
Example:
80Co Assume an 8 cm dia
@ detector @ 10 cm
l / ¢ P = 50cm?/1256cm?
' P =0.04 or 4%
- i) v10| summing out® =&
1 | (A 23)
fa T da T, _
=
: s YAy, 5 UEER
Detector subtends Yz y, SEEE A LAE)
solid angle8L2, Suppose st gamma What are chances 2nd s Tave2l B A& .
has front area 5@ enters detector. gamma enters detector? v Erg v:2l HE& (total efficiency)
719 3115 F e At jHdE A
9 3115004 B A wA el |y A (A7 AE7 SAH L T A Ak oy A(B)
I Z—ﬂv%-‘?loi AR ERR A Fupdol glojAls FES AA A HE7]e] WA
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HlgletA Ao & 71E7] AE°] 6 cm, AE7F 10 ecmoll A SAEAH 2 A7l A+BE 2 &5
< 4 %7t "ok 4714 AR S Folv v WS A=V AR ARE HA s
A2 Aol 95z wolAA Bk euolth, aey 28 F9 mgol Golxy] wie] 2
Se7t AR T FA Az=dAdA AgE T AA T F e oAEel Ao 1™
31150 HAZol A7l EAFAH LR Fol==(summing out) ¥ AvtdyA B7F & WEY
o] HE7]oA A== vl vldEstA Ao 29 31159 LEF sdo] 1 FES Ails)
ATt
N/ N/ N} x —22
{ Xy, =M X ear =M X
N{: summing out0| & | &A=+
£y, O3 &1, (P/T): 29| peak-to—total ratio
O Summing out0| 20| W= O, y,2| AH+=, N,
T, T, €
N1=N;-N;><Y2—“A=N;( YZA) Ni(1 sZ_T)zw;(z—W‘;)z)
O v18] SAIgA 27 Q1A COL
N, €
col, - = (1=8y)= (1 - (PKT}E)
el A= A Aokl uAZL FAGHe] G2 W NSt BAGHL o

o71E ¥ NxPR EA
ol

[e}
Ha o Fe W e AAFE BAET mebA SAEAE 27 i FolE WAbs N2
Aol FAE BAET A SAFRAE BEAJMAE W oldHE  qAHI oAl
peak(P)-to-total(T) ratio®= ZEAET} A A peak-to-total ratiot T3l AXH FA| A <=}
S HAY F Ats 2ES 98 5 At WA 8w A FATA dFo] ¥t 7S
Eﬁ st e e 2l ¥ 31118 FE geuAgde AYoew »E= uE AdESolrt
¥ 3111 g8wAge ¥y
e (PR AL WARS | A AlE (%) wi7)
(keV) (Bq) k=2
Am 59.54 1295 4.1 1.5786E5+2.4E2%
1MCa- 88.03 14940 4.0 462.6+0.7%
Co 122.06 803.1 35 271.79+0.09<
Ce 165.85 775.6 4.4 137.64+0.23Y
SICr 320.08 13180 3.3 27.706+0.007<
15Sn 391.69 1177 3.9 115.009+0.04%
oSy 514.01 1146 3.8 64.849+0.004%
YiCs 661.66 995.9 35 1.102E4+6E1¢
6 1173.24
Co 1252 3.7 1925.5+0.5¢
1332.50
o 898.04
Y 760.4 3.7 106.63+0.025%
1836.06
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Counts
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(o
]

Energy
a9 3116 wgA e dist SAIFAE a2
HolA A3 = Peak-to-total ratios T-alA HAGstH thgyt 2ol wAHH ZeS T
& arh
10° ¢ . . 10" T .
. = WrD:omc\ﬂancucorremion. i ®-—W/D Coincidence
®— Wi coincidence correction | #— Wi Coincxdence Detector: HPGa {Canberra Inc.)
:ﬂenm:H::(Canhcnlln(.\ R, oliciency: 263 %
. I'mdm_c‘;o i':.s i Goometry: 1000 mL M.B
by Ay fry N
5 f \1 g ‘\.
[T] 5 1] n
E 2 " \l a E 107 a \‘
107 ¢ H ; E I . -
&
i
10.-I1[,'| I — 1‘[‘![} I I“‘I‘D‘DU 10000 10 "\Il‘l)o “I1‘0I00 .;6000
Energy, keV Energy, keV
g% 3117 sARAE B B e
SAEA BHE BASH 600 keV o] FelA EEo] ot ke AS & 5 U &
31125 HW 5~10 % A% S7le As & F Utk 5 sAEE 2HE BABSA F=
-7 600 keV ol el AAl WAk el A EAHEE 2RE 4& 5 AUk ol dyA
b EeFs AA @ BARe] Aok ¥ & & vk mebd Ee wg A BATY 2
o WHEAD Srgfopshis whA ot
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F 3112 A wg Ak wAgskA] Fke B Hl

Energy Uncorrected / Corrected
(V)9 450 mL 1000 mL
898.04 0.937 0.949
1173.23 0.911 0.928
1332.49 0.904 0.921
1836.05 0.911 0.928

At st AlmAA FAFAY dFol 2FH B oA AW dlxo] peak-to-total
HE o]&3le - & ndEse FdH dv. 29 45 1% 31.149 yepWxo]l Apelrt
°F 15 % o]/ Aolx: HAS & 5 U

(W) Y w A7) <)
. A = 14 g/cm®

ANES ARV FEE AW A7 03 g/em’ SHE Holil, Ay
: 3ol A AEAlRe] Hry] dE Hol ATE 7]l A o],
7

=
'T'
C oA, BAE Az BAG olw, A Aw

MES® | AL-YH2T | =ZH ER HIOITI =d
1 0.31 0.39 0.41 0.41 0,50
A LFH A ad [ E= Xidi MZ0

0.58 0,60 0,61 0,68 0,72

HEEI S0IHA 230 L 201

0.80 0,80 0,82 0.89 0,90

=z =Tt 8 | 2ODEx2] =%

0.91 1.00 1.00 1.10 1.14

2713 &7 | 23E= 3 o3

1.50 1.52 1.40 1.43 151

a9 31180M = v "ol wE oduAd m&e] WIE HoFL
3.1.1.8(a) oA = Cd-109 (88.04keV)e] &&FS W3tE R Utk Bk 0.3
&7 15 g/em’ A9 &g AdulAtel= 43% FEATh 19 1-8(b)E BW

|

Jem?oll A 2]

g
=3 Ay @

T

oS
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Alzol A A4l Bl Cs-137 (661.62 keV)o] B¢ E&S 18 %9 zolE Hol Hid
AT BAIEA FRAT, Co-60 (133251 keV)e 4 -F-ol A =
. Co—60 (133251 keV) FHT =2 odUA Fed = Zol7F A&
o2 Ay e AE ARCdM A= A oduA el = 2 Aolrk 27 o
of "ol g HAS AEH S RAA Wr=A] &

o T T T T T T T T T T T y . T K T by T Y T ¥ T
= . | 0.32 = d
) / [ = cd-109 (88.04KeV) | (e G137 G616aKeV) |1
0.50 |- . 4 031 Vi KeV) ||
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oz 04 06 R} 10 12 1.4 16

o
N
o

v T ¥ T T T ¥ T v T v T b T
0.2 04 0.6 08 1.0 12 1.4 1.6
A t Density (g/cm’) of § | =

fpaset Censly (/om) of Stmples Apparent Density (g/cm’) of Samples

% 3118 "Rl e a&Wst (a) # Cd-109 o ¥R mE Z&uA
W3t (b) Cs-137¢] M&xo| W& && W}

500
—+—Sid 0.8

400
e s R

300 F —+—Std p 1.3

200

'
1,00 |
0,00 ' :
0 E00 1000 1E00

a9 3119 Uxe) wWE g&Wst

] ®$ (50 ~3 MeV)ol A "Wxo] wpe} ojwl WE S 1ol
AL ol g3l UE 08 g/em’, 1.0 g/em®, 1.3 g/em®S Al 23l
B oF 500 keV ool & Aolb fUAINE mvto N @
187 31195 Tl Adrd F - 2% AEE U=vt ggs
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1,FE)

e, (p

(2)

714 ot mhel el ¥l7] 9] %87](outside container)l A€ol Ak Aotk A1) A(2)
= o]&sto] HlEgts Tt ol eF o] R AT
Rlo=1,5)= 2= (3)
e, (p=1,F)
A HAlE 29 31113009 Zo] Ux(p==2, p=1g/cm?)e FFALLAS nigjda] nv] 7o
Yl 38 ¢(p=20)° &S 7 spAHoR 39 31.1.13(dek #Zeol mhe]de] ujA
WA Qo] 2R BE WE(p=u, p=1g/m)e AEE Y1, gEE7|d0E LE(p=1
g/em’)Ql BEALDENS Ba F438t0] ¢, (p=0,0)F T3t F g o8 Rp=2 5%
b ohgah gol EAWTh
_ _ e,(p=1z,E)
R(p—x,E)— o(p E) (4)
Marinelli sample,p Standard
Marinelli Standard hRakar = S, =1
beaker source,p=1
\ e
— N
(a) (b)
Marinelli sample, Standard
beaker p=x source,p=1
Marinelli Standard
beaker source,p=x
~ e o
(c) (d)
27 31113 WEYW HAYSE Fohe 34
_ _ Ez(p:].,E) Gl(pzl‘aE)
R(p—l,E)— 60(p=1,E) a eo(pzx,E) )
o714 z& 0.8, 1.3 g/cm’o|th. A (5)olA T3 FHS 2 =dAE BANTE st
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#3114 2% BAYS T BY 2E

Apparent Apparent Apparent
Energy density, p=0.8 | density, p=1.0 | density, p=1.3 )
(keV) (g/cm) (g/cm’) (g/cm’) | error, (%)
R(p=0.8,F) R(p=1,F) R(p=1.3,F)

88.04 571 5.71 5.90 3.30
122.07 5.72 5.72 5.67 0.94
391.71 551 551 5.39 2.36
661.62 491 491 5.00 1.84
1173.23 448 448 467 4.17
1332.51 4.45 4.45 451 1.42
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2% 3121 #AvHEE A 7] (HPGe- 9 %) 3} o] 5 @2 vh8F2 4 7] (Nal- 712 o], HPGe- £ &%)

(th) v 2 58 B4

Az fhutalE S aA FutElERA 7Y duA 9 g8 BRAS Aldsct sk
¥ AT A(KRISS) oA FF3h= “MAm (5954 keV), '™Cd (88.04 keV), “"Co (122.06
keV), "Ce (165.86 keV), *'Cr (320.07 keV), PSn (391.69 keV), ®Sr (514.01 keV), "'Cs
(661.66 keV), Y (898.04, 1836.06 keV), Co(1173.24, 233250 keV) ¢ wAg E3Hg
FEAdel A 1 L vpelde] vjo]AE o] §3ste] rfdFEAr]e] oux] d §8&8 B
datach vz 2 &8 B dig ofyl e JEpiidth e oluyA Eal
(FWHM)S “Co #FoA BE5E 1.33 MeVe] 7Zubd oA e tiate] 1.80 keVelth. o
Uz 2 g8 tigt By A~FEd FAS Ametek Ortec AF2] Gamma-Vision H&
Canberra AF¢] Genie-2000 Z & 13-& o] &3t}

Ol

)

Radionuclide | Energy(keV) | Radionuclide | Energy(keV)
2 Am 59.54 Sr 513.99
19Cd 88.04 ¥Cs 661.62
¥Co 122.07 sy 898.02
¥Ce 165.85 ®Co 1173.23
el 320.07 %Co 133251
1133 397.71 By 1836.01

59



N

1213ted, 7]

. Z

)

ox

™

o
o=

5]

= U of] A

BR

—_
o

o

£ ol&3 W

71)

=
=

AEvks A

vl
=

S Aulgh Ak )

Nl

Ay A
it

g g oz B =

o)
R

ujJ
M

fite)
of
)
0

Njo
T

b
)
I

o)

o

o
)
o
oF
]

JJo

Ho
Him

ol A

o

B

Nk
!

ol

i=1}
=

A zket 7= &2 (RM)

]

7

LR

5|
pul

NE !

=
pL

& AAHgoR

Q)
=

5

2

4,

ol

B
file)

No

file)

B

a3 g vl

™

i)

N

2YUHE e

=
[}

@ WA

=
=

253

-
T

BB oA AF e

47

sl

=K

A

3
H

0

O Alx+

= o

A g

©)

WA, (RF %)

TH=

golgz HojAY F& BolE

el (el 7

o} 3
=

5
T

ki3

54

T

R
=y

vzl

AJr

F ALES AA)

s

A A s

Lo

[e)
s

7
IdZ Ax(110 T, 24 AIHAA T

I
-

ﬁo

o

3

J2lol A AEol <

% %

A A

A

dHe= 3

(2%

=
=

o

o

A

AL
00

15l E 23 B

)
UA

L
1 3] (NRA, Nuclear Regulation Authority) &

<)
k)
il

Q)
=

1742 741 9]

EIEE PEEEE

60



A (sieve) 2 EUY

W 2 mme

<
T

110 CollA 2413F A=

meo
_ZTl
T
=
el
Nd
Iyl
ot
%0 W
Alr T
— —_
Lo
nk °
i 3
<
o ~
o
fol- N
Jfn
7o =y
XA )
_z_.o ﬂ
T
W N
ﬁo
i N =

< AR&3te], 80,00

y

61



B -
=K W X0
§ N m;ﬂﬂﬂ%ﬂo
™ 5 o~ 9 Jo o
HOO‘Z _Zfi 0
I i -
ﬂNO ‘\H__Hl \mﬂy w;‘._ HHOUT.C OD(H_AI,A~
aoﬂ%gv = ﬂ?%
il = Rk ﬂqﬂ% a5 2 oo Jo K T
3 Cx o & 2 g oo O Jo o
< r3 H%ﬂﬂr.ﬁ%%ﬂwuﬁ%ﬁu%ED% T 0
Zo ﬂ&x}ﬂrJ G H%1WQ1M% g KR ST
= HRTT SR g F LE =3 o= s o 5 o= U
o = ﬂiEm&dﬁﬂ%&ﬂHZU&m %oTV o X mE,ATE N
3 o Vo+o<noueﬂ1|ﬂ1ﬂgo mlﬂ7ﬁow EoT}@ - = oS
T oy = 3 ® B LS ,ﬂl(x — i Hﬁouﬂr K2 i )
i r oo of o S N i 22 X o X o He e o 10 A~ =
N i - nr = aﬁﬁ}ﬂﬁm%_zgﬂﬂnﬁ\ oy A uM,A ﬂ@mﬂ
N = H -~ o _]Jﬂ:ﬁglq ﬁun__/uu# e O ™ %o X o R
WY o i %x%ﬂ re WX @ ) : Mo o 8T z
" = v 2N < Np T Nfo o e Hp @ © T OB <o - Jo X
) ™ @)v N Mﬂ}ﬁe = ),MMU TP vmﬂﬁ.zmﬂ < o=
NH o _%iﬂﬁﬁﬂ ahﬁﬂoﬁEm%ﬂH%w_maﬂf%xﬂﬁo T Zo
o= T e gkgmix% X o B O TP Mo
- _x]% alxﬂlo»wr X oﬂi.zzq I X =
K RO e héﬁrixéxBﬂ@rHvA}d w w XA L,ﬂlmﬂi
ﬂra M ,Nﬁ 1dﬂ Jl_/A ) OLSB)CEWHIM%HL7Z_ZT:H_AIHT UATA;E,H_OI‘W.I
R 5o }mﬂbﬂx %ﬂlo»owrao] 2 2o @oﬂm% #oﬁuLoL _@%N_Zg - =
B = &+ _xﬂm_m.AHﬂ_wu ﬂ%AﬂHxﬂrZWo,* oTNr,_\m/o :i._numh T Pme ,ﬂn
K i @W%@%ZﬁqﬂaﬂSBL%(kﬂ.drmﬂmﬂww éﬂﬂ.iﬂ@
_ =K leJ ]OEHAJI\IQEZEQLQHO ﬂdiﬁnm.i_.,|7uwwux_nm = ﬁellzf&o
wo 2) TR ~a ﬁn_zg(a}zi% %OLCZT% %ﬂqﬁﬂﬂ
T oy B Eﬁﬂimrpoﬂr o é%qau 13HA§W T B
o caly %ﬁ&% e ™ T T e L max~7Durm1(;:L% T = =
T 5 He oo m B : 0~ 1r11M X
v < ioé‘ﬂ( e Eoimghﬂﬂ 4.im7( _ k< %J%Dﬂm
i L= TS To2RZE g oE T g ® iquEL
& W T ST R S o G @ N o 5o R Lo 3o =D © roxe
Jo e 5w & B o T S p e B G £ T = He
< N —_— _Jlorﬂ — X 5 T E‘.’ AL E.D X 0 < EW z.#o o o
—_ - 5% W _ =1 ol X o ™ = w Hin IR o0 Smr 'HO B 0 al N
> - _:o% i3 oo o 3 < JOJHHA H%ﬁ il - Mo
~o _ ﬂ o . N ¥R Avu - (A ,A\)AS 71rL| 7_3_ Ll\/]]
= % Hﬂevcs%wrmshgw%ﬂcﬂMMMM_wmo@ﬂl %%wﬂﬂz 4EE o
No oon n&u,_m,m ° o Ny O Jo lem s - T 5 N
= o I} il K2 HOIM R i % o,_ 7o o o wo 2 (m__u7C ﬂmﬂ %Lt ;._.ux 7 Mo %
ko od},él ™ 17uu_1r P = A % T M i s ey
- o _ _x@mo%@g - u_:wcg SN ,%@5ﬂﬂ>%ﬂw i
o mﬂ&%%.QW%@@LM@%WWE.MWA .&E Mz ;,L%o,mal, =)
. hr = No = ! 0| o boﬂr)ﬂ M T Hoﬂvm 7 1@0, o) o S -
= fo B ) < o = %_émﬂﬂo}pk%, %é}Al( S = O £
E O o &G kN : u%ﬁi)ﬂ PR C3F " AR SCHN
= B ~ o Qvﬁlﬂo oE.mb EoWMoQI]H /q il Gl - =
© \mM]kJ%_ ) uu/ﬂ - oo T = 1Lo,u(1r€A%
e) X E.EJI a0 @) O_H,IH z.a AS,A]r i < =
ogqyquM&mEBUrlggﬁu,Mszzo@Ev@ﬁze
o 5 X o 3 B,Qﬁaoﬁaz ﬁwﬂ%i(??,@h
B;v?.m.zoqoﬂ o W & LIS oo
S o < ig{ﬂo«_ﬂ&ﬂemxg
NE ol o = = oF 1__/|, gl o n o
o o %O T R R i o
%.ko..rﬁ/ T o]
ooLﬁoqﬂDl\/,qu < o
@) B@QLM;LE
<) o o 3R
O Mo T
o)

62



=
Py

vzl

N

Nfo

—_

3
ol

7o
[a]
i

=
Klo

4+0.26
[%I%A: 057]

6+0.14
[ll/i%A: 049]

il
Thu

l

Kfu
Th

Kf
Th

K
Th

H

Zaj3-2

q2lE| o

1.58+0.16
[MDA: 0.40]

4+0.08
[&BA: 0.33]

KHu
Th

gl

043

Ml
04

N

K
T

Kf
T

K
T

gl

024

Ml

K
T

Kf
T

K
T

gl

0j2-2

HI

K
Th

Kf
T

K
T

l

K
ol

Kfu
Th

K
Th

A
Thu

7141

Kfu
Th

K
Th

K
Th

752

Kfu
Th

Kf
Th

K
Th

7 =-3

Kl
T

Kl
T

K
Th

7|14

Kl
T

Kl
T

K
Th

ME0tE-1

7=-5

Kl
T

K
Th

7136

Kl
T

Kf
Th

Kl
Th

e

METHHAIE-1

%

L

U
4

K

Kl
T

Kf
Th

Kl
Th

MER2HAI -2

1
0.71£0.1
[MDA: 0.33]

Kl
T

K
Th

MER2HAIE-3

Z0|t{ A1

U

.76+0.13
[(I\)/IDAZ 0.40]

K
~a

Th

__%_
EE

S

7|E}

Kf
T

K
T

soje-1

Mty

Kl Ki
__em__ =0 &O
”__uj_e I Th

KU K
._ﬁ 0 o
w_: I T

K K
._mﬁ =0 O
u_u/z_ I Thu
il Mr_
° rr
S K- ]
™ __O._ M
w| 3l
3
0
T E
w| w__u_ u
) B 160
B R &
T O
mktli < X
o_m R
0 i
T
<l

_”__._“_ __on
R

Kf
T

Kf
T

K

&ole-1

Mt

£5-3

t.

S

_ |
MDA(Z]| 27 SHA 0

1) =242

bl

237}

3)

63



23 (A %)

137CS ;
(Bakg-10)

13408 ;
(Bg/kg-10)

131|

(Bgkg-10)"

L]

—_

o3
ol

7o
O
1k

E
Ko

Kl
T

Kl
Th

Kl
Th

u._._

YotE-2

Mt

e

a

Kf
T

Kfl
Th

K
Th

u._._

otE-3

Mt

F2

Kf
Th

Kfu
T

K
Th

u._._

goje-2

Mt

3

Kf
T

Kf
T

K
T

il

soje-2

Mt

x4

Kf
Th

Kf
Th

K
Thu

l

HOtE-2

Mt

x5

Kfl
T

Kl
Th

K
Th

u._._

otE-3

Mt

-

KO

Kf
T

Kfl
T

K
Th

u._._

soje-3

Mt

il
Th

il
T

Kl
Th

H

&ole-3

Mt

Kl
T

Kl
Th

K
Th

H

soje-3

Mt

Kfu
Th

Kf
Th

K
Thu

il

&oje-3

Mt

Kfl
T

Kfl
Th

K
Th

gl

Of 741

Kf
T

Kf
T

K
T

gl

Kl
T

Kl
T

Kl
Th

H

o -1

Kl
T

Kl
Th

K
Th

H

OH 741

Kf
Th

Kfu
Th

K
Th

H

OH -1

Kf
T

Kfl
T

K
Th

gl

ME0tE-2

Kf
T

Kf
T

K
T

il

ME0tE-2

K0

Hl

Kl
T

il
Th

K
Th

!
oll

sole4

Mt

Kl
Tt

Kl
Th

Kl
Th

u._._

SojE-4

Mt

U

KO

Kf
Th

Kfu
Th

Kfu
Th

u._._

&ojE—4

Mt

Kfu
Th

Kfu
Th

K
Th

u._._

sojE—4

Mt

Kf
T

Kf
T

K
T

u._._

sojE—4

Mt

Kl
T

Kl
Th

Kl
Th

!
oll

&ole-4

Mt

Kfl
T

Kl
Th

Kl
Th

u._._

dotE-4

Mt

64



137CS ;
(Bakg-10)

13408 ;
(Bg/kg-10)

131|

(Bgkg-10)"

L]

—_

o3
ol

7o
O
1k

E
Ko

Kl
T

Kl
Th

Kl
Th

u._._

HotE-4

Mt

Kf
T

Kfl
Th

K
Th

u._._

¥otE-4

Mt

U

K0

Kf
Th

Kfu
T

K
Th

H

sole—4

Mt

Kf
T

Kf
T

K
T

u._._

sojE—4

Mt

Kf
Th

Kf
Th

K
Thu

u._._

&ojE—4

Mt

Kfl
T

Kl
Th

K

o101

S

Kf
T

Kfl
T

K
Th

td)

3

2 AHZH7 |

1-8

eEnjy

a]-2

)

S

il
Th

il
T

Kl
Th

o|-3

o

S

Kl
T

Kl
Th

K

0|4

{

S

Kfu
Th

Kf
Th

K

al-5

5

Kfl
T

Kfl
Th

ol-6

5

S:

Kf
T

Kf
T

al-7

5

S

Kl
T

Kl
T

Kl

ol-8

o

&

Kl
T

Kl
Th

K

al-9

59

S

Kf
Th

Kfu
Th

il

sole-5

Mt

al-10

il

S

E
Ar

Kf
T

Kfl
T

K

of-11

54

S

Kf
T

Kf
T

K

a]-12

5

S

Kl
T

il
Th

K

ol-13

l

&:

Kl
Tt

Kl
Th

Kl

o|-14

5

&:

Kf
Th

Kfu
Th

Kfu

ol-15

il

&:

Kfu
Th

Kfu
Th

K

sojE-5

Mt

o[-16

i

&:

Kf
T

Kf
T

K

al-17

{

S

Kl
T

Kl
Th

Kl

o[-18

l

&:

Kfl
T

Kl
Th

al-19

l

&:

K
Th

K
Th

K
Th

2

sole-6

M2t

a]-20

il

&:

t.

S

_ |
MDA(Z]| 27 SHA 0

1) =242

65



2
=>

2 7H(7]

137CS ;
(Bakg-10)

13408 ;
(Bg/kg-10)

131|

(Bgkg-10)"

L]

—_

o3
ol

7o
O
1k

i}
Ko

Kl
Ihu

Kl
Th

Kl
Th

b
METH A

50|t A1

Kf
Thu

Kfl
Th

K
Th

MER2H A E-

OfE{ A2

A
=

+0.13
[ll/igi: 0.26]

il
T

K
Th

MR Al E-

O H{ A1

[
=)

4
9.53+0.7
[1MDA2 0.99]

_xrh
T

K
T

MER 2 Al E-5

O[t{41-2

[
=

7.53+0.90
[ZMDA: 0.77]

Th

K
Thu

24k
MEReh Al -5

M1
Ao] {4

.680.73
[1I\L/I1DAZ 0.79]

T

g{Alof

b
MER Al E

7 HH A1

1£1.11
?l\ﬁgAi 1.42]

__A_;m._H
T

g{Alof

MER2H A ZH-

A7 A2

+1.01
[23[4)12 1.23]

Th

Kl
Th

MR Al S

A7 A3

[MDA: 1.28]

36.87+1.22

l
Th

g{Alof

MER Al E-6

A7 He A4

Kfu
Thu

Kf
Th

K
Thu

24t

b
MearefAlY

K441

o
(L

Kfl
Thu

Kfl
Th

K
Th

MER2HAIE-10

X A2

o
(L

Kf
Thu

Kf
T

K
T

MER2H Al Z-11

-1

.I

=

1[0
<0

Kl
Th

Kl
T

Kl
Th

2

MR Al E-

Kl
Ihu

Kl
Th

K
Th

MER2H A Z-11

X[ A1

Kf
Thu

Kfu
Th

K
Th

24k

b
N EINES

SBR[ A-2

Kf
Thu

Kfl
T

K
Th

MER2HAIZ-

Kf
Thu

Kf
T

K
T

MER Al E-12

-3

Kl
Ihu

il
Th

K
Th

-
MET A

=0l A2

Kl
Ihu

Kl
Th

Kl
Th

METAIE-12

=0/ A-3

Kf
Thu

Kfu
Th

Kfu
Th

b
MearehAlY

Kfu
Th

Kfu
Th

K
Th

MER2HAIE-10

B 412

=2250|

Kf
Thu

Kf
T

K
T

H

=

Kl
Ih

Kl
Th

K
Th

H

Kf
Ihu

Kfl
Th

Kl
Th

H

66



137CS ;
(Bakg-10)

13408 ;
(Bg/kg-10)

131|

(Bgkg-10)"

L]

—_

o3
ol

7o
O
HH

i}
Ko

Kl
Ihu

Kl
Th

Kl
Th

H

Kfu
Th

Kf
Th

K
Th

Hl

Kf
Th

Kfu
T

K
Th

Hl

Kf
Thu

Kf
T

K
T

H

14

ez}

HE=-7

K
% u
m/*e Thu

K
5w
__u/_.e Thu

K
g 8
u_u/s_ T

Hl
e
: 3

H
o o)

(@)}
i
o0
all ol
> g
uE ol Nﬂ

Kfu
Th

K
T

K
Th

Hl

CEEES

Kf
Thu

Kf
T

K
T

H

il
Ih

Kl
Th

K
Th

il

K
Thu

Kf
Th

K
Thu

M

K
Th

Kfu
Th

K
Th

=

o4

<

o
4

Kf
Thu

Kfl
T

K
T

=

ol

<l

Kl
Th

Kl
T

Kl
Thu

=

od

<

Kf
Thu

Kf
Th

K
Thu

2

ol

<

Kfu
Thu

Kfu
Th

K
Th

=

o4

<

Kf
Thu

Kfl
T

K
Th

=

ol

<l

il
Th

il
T

Kl
Th

=

od

<4

K
8 o
m/_a Thu

K
s
ww_.e 1

K
e oo
u_u/_e Thu
EA——
7 3
Y

D
NI
44
or o
= <

Kfl
Thu

Kfl
Th

K
Th

=

2=-10

Kfu
Th

K
T

K
Th

=

=0

Kf
Thu

Kf
T

K
T

=

HO0

o

ae-12

Kf
Thu

Kf
Th

K
Thu

2

HO

o

&=-13

Kfl
Ihu

Kl
Th

Kl
Th

=

Le-14

Kfu
Thu

Kfu
Th

K
Th

=

od

<

&=-15

Kf
Thu

Kf
T

K
T

=

+=-16

67



574 A(A%)
AL =4

137CS ;
(Bakg-10)

13408 ;
(Bg/kg-10)

131|

(Bgkg-10)"

L]

—_

o3
ol

7o
O
1k

E
Ko

Kl
T

Kl
Th

Kl
Th

Kfu
Th

Kf
Th

K
Th

Kf
Th

Kfu
T

K
Th

Kf
T

Kf
T

K
T

Kl
T

Kl
Th

K
Th

od
ol

MER2HAIE-13

YEHLHEH )5

Kfu
Th

Kfu
Th

K
Th

MER Al E-14

e Lh 3K 2)-6

Kfu
Th

K
T

K
Th

L_
QIR 2 Al &1

e 27

Kf
T

Kf
T

K
T

QUMY YA E-2

e} 4T 28

il
T

Kl
Th

K
Th

0|2

CREL IV

ECTRESICRe

K
Th

Kf
Th

K
Thu

0|2

oh ol Al 22

YEHLHZH 210

K
Th

Kfu
Th

K
Th

CHEIRH 2 A &1

YEHLHEH )11

Kf
T

Kfl
T

K
T

Kl
Th

Kl
T

Kl
Thu

)72 0h 4|2

YELHZH 213

Kf
Th

Kf
Th

K
Thu

0|2

CHT-RH 2 A &1

Kfu
Th

Kfu
Th

K
Th

OH A &1

=y
ot

!

YEHLHEH 215

Kf
T

Kfl
T

K
Th

o]=

il
Th

il
T

Kl
Th

0|2

Kf
Th

Kf
T

K
T

0|2

b
LT AH

YEfLHEH)-18

Kfu
Th

Kf
Th

K
Thu

Al_|.

YELHEH 2419

Kfl
T

Kfl
Th

K
Th

oj=

Kfu
Th

K
T

K
Th

0|2

ME oA -1

EfLH ZH=0l)-1

|:Cl:>i

Kf
Th

Kf
T

K
T

2{Alo}

Kf
Th

Kf
Th

K
Thu

0|2

Kfl
T

Kl
Th

Kl
Th

Kfu
Th

Kfu
Th

K
Th

MR Al E-13

HefLf (2 0[)-5

Kf
T

Kf
T

K
T

MER Al E-14

B i ZH(Z0l)-6

68



137CS |
(Ba/kg-10)

13403

(Bgkg-10)"

131|

(Bgykg-10)"

L]

_

=
ol

1=
Ko

Kl
T

K
Th

Kl
Th

4 Ef LY Q(—E—Ol)—7

Kfu
Th

K
Th

Kf
Thu

e

QUMY A E-2

YefLf &2 0[)-8

K
T

K
T

Kf
Th

CHZ Of A &1

e Lf 2= 0[)-9

K
T

Kf
T

Kf
T

o SO A -2

0[)-10

-
(=

Jél-

EN L

K
T

K
Th

Kl
Th

CHZA A 2§ A 21

EfLH &= 0[)-11

Kfu
Th

K
Th

Kfu
Thu

Kfu
Th

K
Th

Kf
Th

0|2

T ZofAl -2

0[)-13

rul
[

EH LA 2K

K
T

Kf
T

Kf
T

CH -7 2H A 21

B L ZH(Z0l)-14

I:lc:>1

Kl
T

Kl
Th

il
Th

&
SLAZOfALY

EfLH &H(=20[)-15

Kfu
Th

Kfu
Th

il
Thu

2{Alof

Kfu
Th

K
Th

Kf
Thu

b
S AERH2H A E-1

EjLi & (=0l)-17

E(I::!

K
T

Kf
T

Kfl
Th

Kl
T

Kl
T

il
Thu

K
Thu

Kf
Th

Kf
Th

e

7(|-_1
LA

0[)-20

=

EN L

Y

Kfu
Th

K
Th

Kfu
Thu

I

K
T

Kf
T

Kfl
Th

Kl
Th

Kl
T

il
Th

il
&

K
Th

Kf
T

Kf
T

I
&

Rp-1
HEMeHAIE

0152

K
Th

K
Th

Kf
Thu

ol

Al E-2

F

<l

o+

0153

K
T

Kf
Th

Kfl
Th

MER A Z-15

0}=+4

K
T

K
T

Kf
Th

ol

0155

K
T

Kf
T

Kf
T

ol

FLR Al -2

K
Th

Kf
Th

Kf
Thu

K
T

Kf
Th

Kfl
Th

|
&

0158

Kfu
Th

K
Th

Kf
Th

I
&

0159

K
T

Kf
T

Kf
T

FLR A -3

01=-10

69



54 AH(ASH)
Abs 54

137CS |
(Bakg-10)

13403

(Bgkg-10)"

131|

(Bgkg-10)"

L]

_

=
ol

e
Ko

Kl
Ihu

K
Th

Kl
Th

I
&

MEMHAIE-16

o511

Kfu
Thu

K
Th

Kf
Thu

I
&

MET Al E-16

01512

K
Th

K
T

Kf
Th

I
&

K
Th

Kf
T

Kf
T

Rp-1
HEMeHAIY

01514

K
Ihu

K
Th

Kl
Th

I
&

Kfu
Thu

K
Th

Kfu
Thu

I
&

o7

Mt

01516

Kfu
Th

K
Th

Kf
Th

ol

Xa

MEREHAIE-15

o517

K
Thu

Kf
T

Kf
T

ol

FLR Al -4

01=-18

Kl
Ih

Kl
Th

il
Th

MER A Z-16

01519

Kfu
Thu

Kfu
Th

Kf
Thu

ol

SERE

F

<l

bl

Kfu
Thu

K
Th

Kf
Thu

I
&

K
Thu

Kf
T

Kfl
Th

Netjgoie7

Kl
Th

Kl
T

il
Thu

=

i
Kl

K
Thu

Kf
Th

Kf
Th

KU

soje-9

Mt

H 1012

=3
s

Kfu
Thu

K
Th

Kfu
Thu

Kl

MER Al Z-17

H 21013

k=3
e

K
Thu

Kf
T

i
Th

c290|

sinje-9

Math

Al 4014

=

Kl
Th

Kl
T

K
Rl

Th

L= o]

H 24015

=

K
Th

Kf
T

H 101-6

=3
i

K
Thu

K
Th

A 2101-7

k=3
e

K
Thu

Kf
Th

Kfl
Th

o|2

#ote-10

Math

H40{-8

=

K
Th

K
T

TE2¢0]

-1

w|

s}

Mt

H101-9

=

K
Th

Kf
T

Kf
T

KU

ZH101-10

K
Thu

Kf
Th

Kf
Thu

J

K
Ihu

Kf
Th

Kfl
Th

gl

Kfu
Thu

K
Th

Kf
Th

H

T

K
Thu

Kf
T

Kf
T

il

of

70



137CS |
(Bakg-10)

13403

(Bgkg-10)"

131|

(Bgykg-10)"

L]

_

=
ol

1=
Ko

Kl
T

K
Th

Kl
Th

i

ol

Kfu
Th

K
Th

Kf
Thu

H

ol

K
T

K
T

Kf
Th

H

ol

K
T

Kf
T

Kf
T

J

ot

K
T

K
Th

Kl
Th

gl

ol

Kfu
Th

K
Th

Kfu
Thu

H

Kfu
Th

K
Th

Kf
Th

H

K
T

Kf
T

Kf
T

il

Kl
T

Kl
Th

il
Th

H

-2

1o

ES

Kfu
Th

Kfu
Th

Kf
Thu

il

-2

]

=[]

ol

Kfu
Th

K
Th

Kf
Thu

H

-2

]

e

H

o

K
T

Kf
T

Kfl
Th

gl

Hd-2

1o

HH

o

Kl
T

Kl
T

il
Thu

H

K
Thu

Kf
Th

Kf
Th

J

Kfu
Th

K
Th

Kfu
Thu

H

o

K
T

Kf
T

Kfl
Th

gl

=

Kl
Th

Kl
T

il
Th

T

K
Th

Kf
T

Kf
T

o

i
Rl

Thu

1+£0.04
[&SA: 0.10]

Kf
Thu

o

o

-

K

K
il

Thu

+0.09
[f/-lgé/k: 0.14]

%l:_

i
il

Th

9+0.05
[&gAZ 0.16]

Kf
Th

—_

=0

K

E-3

Kl
G

Th

4+0.07
[11\/|1DA: 0.16]

Kf
T

o

o

_

7|E}

K
o

Thu

1.2740.06
IMDA: 0.15]

Kf
Thu

-
o

K

K

K
il

Ihu

0.60£0.04

[MDA: 0.12]

Kfl
Th

s
~a

Thu

2+0.04
MDA 009

il
Rl

Th

—_

oJ

-

a0
Ko

K
il

Thu

9+0.11
[f/lgA: 0.19]

Kf
T

Ko

%h_

71



2
=>

2 7H(7]

137CS

_

=
ol

72

Kl KUK KU K KUK K K KR K K KR = + N R W L
R0 R0 R0 RDORO AoR0R0RDORDORDOAD RO Y L =
Th o o Th Th o T o T T Th Th Th mrL - i - = o+ o
o o !
T T I S e oy B
Zﬁ% ﬂﬂﬂl ‘ml WAM
0 ! 03
CFONE N TR BN Tt T T O~ N I0B OB 0a ~ 0D g R o
O - OO O OO - - O - odNN—- O - — O - OO = oF X a I oy
PR R R RS RE RO CRCRoRCRoRE®S N IS =
NEoESEBENERE 8980888482808 5888 Bl = LR
SSEcC=2a=2—~2-32C206=2—-=2C0=0=C=0=d=—=—2= Gl I Hew < Mo
lar o — AT
r —~ —
ME o Mﬁ.” ~ X o: N W.M = Wﬂ
w2 m R oW 3 o 7
5|20 T ¥ ooy T
K K K0 KU K KK KU KU KU KU K K = . 7o T o e T Hlo
o U B B F N N N N N -ty B ; o
o ORI TR T TS VIS M VIS S T e EoE T | 2T
® o= 2L R | Eal
1
v o S 8E o T o 2
_ N T ook R
=~ < . wH R Lmowrm.a%%
H WHoodo < B0 4 M X0 90 mo % K- K- KE W R T I S o - R e
or o M T W Z T M o0 R0 U R R op o N R A
30 N O < B B B S -« = o -«
Pl BOR R ﬁoﬂﬁﬂo N N0 N0 ®0 WO o
= il oﬁ_ b ol RO ﬁg
w 7o 1
In ﬂW.ﬂﬂ . EK —
i wod o D
) < T oI R T W o
I | I I I I N3
T
X ~
™o B o an
K W ~ X -
I~ N 0 o
7ol i '~
Kl —_
> @2 - 9 © = v o~ 0o 2 g9 g § g|F x
do0 1 L 1 1 o1 1 o1 I o1 o1 2 2 13 1|4 o ~
o0 50 90 o0 B0 90 90 o0 o0 o0 o0 o0 o0 o0 o0 | W 0 a
B B - =
= <R wE =
Kl .z_ﬁH Mo =~
. pul —~ N N
T 30 mo g ™
= - 4




roh
4
)

2
— 01‘1
2

e

N
2
‘Fm - ‘{01‘

w
M
LY
>

g & e
e

L
U pok
<

1

o1

o e o Ao
g ob pe o o
)

L
ox &
A
ok

=)

2
oo 2

ox

o i; Ll

[}

mlozﬂ
g

N

wW ol

S i~
3

0174(1 L)et 574 FAE

712 v ASA =4 ek
1 kg @ 30 mL A% H7}ato]
3}

2 /\ﬂ z] ol Z‘I

2 kg

Mo
Ho

i)
B>
i

df
-

é.iﬁ

A&
Ega,

Mo A AN A7A R
& Wol WBF F

rulm

4 kg

B
4) 1L Zede

T

)

rol

ke

N
o

gy

of

-

_84 —lm'

A

4 kg

o)

Zo}
=
=

H]

sto] AeoA 4%
) Az AR

ol uj,
S T3k}
4) 1L Zedy

i

73

julsd
r)t

=
sto] 7]
2) 110 T2 =4¥ A7) 2dA] 48A1%F ol =
ks Pt )
A

BAFA e} A5

HlolA s 74 FAE AT




woak gw o T X M mE % kT M Ty W |
2 LR A o o "W TR o W N WY e Py U )
. A g ™ BEHE T BT Tl
= o — = o _ 0 J o " < _ =
A T S I B EEE G L% E o o omefol w0
Mooz F | K Gl w TalE N e N _zﬁ B =W
_ —_ o _ < —_ s - < W = _ =
o 2 %&m_o S %mnAT < WO R 2 m x =R T o
T B = a R A p—— o- g &) am - B o P T
it T ) w_l L — — = \ul < © T o o o T ' DT _.E e a
o do A= o do T oM X T T T o & 7o do i Ll dlo o
1= o —_ RN - —_ = (- o T V o ,;b % Mo_l RO ol il - o o ~ o B2 =) ofn _ o
F D T Do peTLr mIwl FZsMT IxTeg mgw <0
TEOS Jgf L. N | fhwEs WEIxT o gERE@Y mawY ywgo i x|y
g T o gwma T b So T EM OFwE I O
0 %o i 5 cm 1,Urr g i M‘dﬁ X = T W Ro — Cle < ak b W= ~ B o T N = 2 %0 il o
o Mo - B No = o T ol el — T+ = 32NN 1 — =y ROy o= T Mo e
) = 4 ~ - T — ON R o R o B e o ) o
W oo o R W N S Dua T - S W o &
e M Wox=" Ny oD o M L T T T g T s |F
o B L = o Ne B B =0 oy T M Q = M % B W RN T T o oy %R o
AT o N - NE = 1y = X =y = — — — oy m _ e N i
T T oo 0 TERSREIMT . g A I T Ll LT )
) ) T @ il 3 5} 03 ) ()
PETE vy d 2T EA T T ww, 2erxdd (knweTaiw® ETs I
= U & Ay H Fdy T HBmMT R  WE o FH MTR T M . a— W _
kR - %X E T oW ®RAFETH T WTET RS TROEDB YT ~ o~ kTS —
13 © NS P) 2N » < o © i~ 0 3 N 2 < o © 3
— 2 o 2 =o 2
N N o ° —
= e
o N
3 el JU
=0 ~
o z = 4
vE N
o "

74



2) AEE 1 L Zeldel nlolAo ddsiA T3

e 7 o

o] &

A 5@ s
3) *HPGe k852417 AL ol et

o,
AHE WA B2 A 1)
¥ 3123 B = Ik
%_ __[L CQ j% 1311 ) 134CS ) 137CS X 40K
(Bg/kg-10) (Ba/kg-10) (Bg/kg-10) (Bg/kg-10)
(MDA: (MDA: (MDA: (MDA:
5.98E+001) 1.06E+000) 8.93E-001) 3.65E+001)
(MDA: (MDA: (MDA: (MDA:
5.78E+001) 9.96E-001) 1.06E+000) 3.66E+001)
(MDA: (MDA: (MDA: (MDA:
6.76E+001) 1.05E+000) 9.99E-001) 376E+001)
(MDA: (MDA: (MDA: (MDA:
6.57E+001) 1.06E+000) 1.06E+000) 3.89E+001)
. - - - 111.04 = 6.27
o )3
Hgtﬂl"u}g (MDA: (MDA: (MDA: (MDA:
R67E+013) 794E-001) 6.09E-001) 9.32E+000)
i - - - 12217 + 648
R
HEQ};" PR (MDA: (MDA: (MDA: (MDA:
TROEA13) | SATE-00D | 62E-00D) | SOTE000)
. - - - 99.06 = 7.00
o %
”gm;" whe (MDA: (MDA: (MDA: (MDA:
7.25E+013) 8.90E-001) 6.70E-001) 1.55E+001)
. - - - 100.76 = 7.32
R
HEEHZ"H}E (MDA: (MDA: (MDA: (MDA:
STIEAI3) | 8GAE-O0) | TOBE-00D | L6SE-00D
. - - - 12516 £ 6.73
o 115
HEW;" "HE (MDA: (MDA: (MDA: (MDA:
STIEAI6) | 1019B-00D) | 725B-00D) | 8I9E+000)
. - - - 1775 + 625
o &
‘EEHZ"U}E (MDA: (MDA: (MDA: (MDA:
550E+016) 8.26E-001) 6.73E-001) 7.81E+000)
. - - - 133.85 £ 7.15
o 13
HEEHZC’U}E (MDA: (MDA: (MDA: (MDA:
6.09E+016) 8 87E-001) 6.62E-001) 1.08E+001)
. - - - 11519 + 6.87
o %)
Hgm;" ohe (MDA: (MDA: (MDA: (MDA:
8.64+013) 7.84E-001) 7.10E-001) 1.20E+001)

75




AguEe

(MDA:

(MDA:

(MDA:

(MDA:

2t
3 g 9 20E+011) 8 15E-001) 6.17E-001) AZBE+001)
B B 11345 +
Agdgele | MDA (DA oAl 998
: : : : ,
3 i 217E011) 9.20E-001) 367E-001) 2;%‘30'1)
HEHBERE it (VDA: (VDA: (VDA: 135?51\/5/%6'75
. : . : :
3 Sl 9.19E+011) 850E-001) 646E-001) 200E+001)
HEErhs (o}ﬁ (MDA: (MDA: (VMDA (VDA
e 2.95E+011) 838E-001) 6.21E-001) A24F+001)
AEmERs | A (MDA: (MDA: oox | A
3 (4 213E+011) 8.33E-001) 6.74E-001) 1.89E-001)
AEdgrte =t (M[BA: (M]SA: (M]SA: 94‘4(11%5561
3 Sug 371E+012) 785E-001) 5.88E-001) 1AAE+001)
M ek o (MDA: (MDA: (MDA: 149'§1NH§A-7'31
! : : : :
3 i 370E+012) 8 30E-001) 651E-001) 8 25E+000)
] - - - 12314 + 737
R gk
Al sl A1€m3°u}5 ?2{ (MDA: (MDA: (MDA: (MDA:
e 3E+012) 786E-001) 6.96E-001) 1 AAE+001)
e s (MDA: (MDA: (MDA 72%%515'14
: : : : :
3 & 355E+011) 7.19E-001) 6.62E-001) 349E+001)
dgdge | apy | apx | ama | ooa
' : . . :
3 (k3 321E+011) 771E-001) 6.83E-001) 235E+001)
ks (o}j% (MDA: (MDA: (MDA (VDA
e 320E+011) 1.04E+000) 7.12E-001) 5.12E+001)
AEmETe ) (MDA: (MDA STV B SV
3 o 3R3E+012) 825E-001) 6.02E-001) 9.29E-+000)
o & - - - -
Hﬂ? oHE (MDA (MDA (MDA: (MDA:
348E+003) 6.45E-001) 6.22E-001) 2 4TE+001)
H%EH;C% e (MDA: (MDA: (MDA: 132'(41\?;5&738
363E+003) 6.36E-001) 6.25E-001) 1.28E+001)
i - - - 6458 + 4.19
o &
H?—TEH;U}E (MDA: (MDA: (MDA (MDA:
281E-001) 308E-001) 343E-001) 657E+000)
i - - - 5053 + 335
Q 2|
”gtﬁg" PhE (MDA: (MDA: (MDA: (MDA:
254E-001) 346E-001) 3275-001) A24E+000)

76




Aeddrte

(MDA:

(MDA:

(MDA:

69.64 = 4.29

aedeE] A 5 (522) (MDA:
+ 279E-001) 2.90E-001) 350E-001) 591E+000)
i - - - 8618 + 493
o Mma 2~ o)
2T A HEEH{)"U}E (T;}) (MDA: (MDA: (MDA: (MDA:
+ 2.56E-001) 311E-001) 353E-001) 585E-+000)
i - - - 7491 + 444
R gikes|
FSAE H“‘TEH&.)"E}E e (MDA: (MDA: (MDA: (MDA:
2.78E-001) 337E-001) 330E-001) 538E-+000)
i . - - - R368 + A65
o & o)
A A Hirﬂgu}i (Tz;}) (MDA: (MDA: (MDA: (MDA:
T 2.80E-001) 322E-001) 358E-001) 385E4000)
i - - - 435 + 442
R gk
ABAFSEA Hﬂg"u}g e (MDA: (MDA: (MDA: (MDA:
2. 90E-001) 342E-001) 336E-001) 5 45E+000)
i - - - 7049 + 413
o M& EaXe) N
TP A1€m5°u}§‘ Pt (MDA: (MDA: (MDA: (MDA:
=5 2.70E-001) 347E-001) 343E-001) 396E+000)
o e - - - 5880 + 372
ARA B AL Hﬂ?" = e (MDA: (MDA: (MDA: (MDA:
2.70E-001) 328E-001) 318E-001) A459E+000)
i . - - - 6229 + 387
o 3 o)
2Ho}o] & HEEH;" ohe ?;]‘;?; (MDA: (MDA: (MDA: (MDA:
257E-001) 315E-001) 325E-001) A70E+000)
i - - - 7316 + 430
R
281731997 HEQ};" ohe =2 (MDA: (MDA: (MDA: (MDA:
277E-001) 346E-001) 345E-001) 465E+000)
o i - - - 6913 + 419
o )3
XJ%?H%H%%E} Hﬂ;"u}i 4t (MDA: (MDA: (MDA: (MDA:
A 2. 95E-001) 368E-001) 321E-001) 518E+000)
i . - - - 6274 + 383
o 13 OIX
2224 Hﬂ%"mz‘ @f{) (MDA: (MDA: (MDA: (MDA:
2.86E-001) 320E-001) 325E-001) A413E+000)
i - - - 7882 + 453
o 3 Z2=O1 X
A5A Hﬂ?’ = i (MDA: (MDA: (MDA: (MDA:
+ 2.83E-001) 310E-001) 314E-001) A70E+000)
] i _ - - 7289 + 441
o o 3]
ARBPASL | AEAIHE | ay (MDA: (MDA: (MDA: (MDA:
2.79E-001) 343E-001) 346E-001) 586E-+000)
ﬂ%?é;]x]‘;q *1%%553 e 4k (MISA: (MISA: (MISA: 825()15\)/515%.69
2.63E-001) 369E-001) 350E-001) A91E+000)
i - - - 506 + 425
Q 2|
A7 A 2 A ”gm;" ohe 22 (MDA: (MDA: (MDA: (MDA:
2.87E-001) 321E-001) 350E-001) 303E-+000)

r




7490 + 4.37

awgsAaa | AsdEeE | L DA DA DA i
= 5 264E-001) 343E-001) 351E-001) A66EH000)
i - - - 8364 + 5.12
o Ma
aggaasy | TERRE gy (MDA: (MDA: (MDA: (MDA:
2. 67E-001) 317E-001) 336E-001) 817E+000)
H A 37
dEaAA | AW |G, | o ADA: T e
= ’ . . . :
(D 2 ( f{i) 363E+013) 760E-001) 564E-001) 513E:+000)
T ad
fﬁﬁ?ﬁ A&t A7 2171 (MJSA: (M]SA: (MISA: 85.?1%/[5;.32
(349) 2 (4D 1.23E+013) 793E-001) 6.35E-001) 1AIE+001)
gag | AgdEdE | oAAwl | o DA oma | o
152713 : : : :
(FE 2 Sk A9RE+013) 834E-001) 6.32E-001) 6.26E+000)
o019 . ) 37] - - - 1983 + 360
%;Ei/_\{ A ”Em;é E @, (MDA: (MDA: (MDA: (MDA:
() A%(59) | A13E+013) 755E-001) 571E-001) 1LO2E+001)
H X 17
) i (2% - - - 605 + 65
o 1) )
@ a;&] HEEHZ% R aq), (MDA: (MDA: (MDA: (MDA
<% 1] A07E+013) 788E-001) 6.15E-001) 1.63E+001)
o1 (54h)
177_} )
=
A 27](
AU s (L I (MDA (MDA aoa | oA
A =3 hud . . . :
W7 2 (4%, 403E+013) 795E-001) 6.48E-001) 6.57E+000)
R
RE T IR I e (MDA (MDA (MDA B
(el 4 (=4h) 9.09E+013) 88]E-001) 6.92E-001) 151E+001)
A 317]
arze | AgULE | (59D, DA DA oms | BSmar
3 N : : : :
(el 4 (j_f;l 6.04E+013) 764E-001) 6.03E-001) 1LIGE+001)
Fagrolse | AURAE | A7) (MDA: (MDA: DA v
(=) 4 (=4h) 574E+013) 9.36E-001) 721E-001) 1.78E+001)
] i - - - 11130 + 620
2 oy
a3 Hﬂl"u}i ﬂ(;ﬂf};] (MDA: (MDA (MDA: (MDA:
5 aat 532E+013) 828E-001) 6.52E-001) 857E+000)
o] 21733l Ay yntE 2 a17] - - - 14273 + 7.19

78




(e 4 (1) (MDA: (MDA: (MDA: (MDA:
* ol o 762E+013) 9.38E-001) 7.28E-001) 7.01E+000)
ZFAaaA | AEHEEE | ] (MDA: (MDA: (MDA: 79'4(131%1%/323
= : : : .
(552 4 (=4h) 5.08E+013) 853E-001) 6.62E-001) 1.39E+001)
BATelZRA | AEUBIE | ] (MDA: (MDA: (MDA: 67%5/3’62
1o : : : .
52 4 Sk 1.33E+013) 870E-001) 6.18E-001) 705E-+000)
AL | e ek (MDA (MDA (MDA B
A 4 6AIE+012) 8 08E-001) 6.05E-001) 2. 23E+001)
REFARR AztgrtE (MDA: DA DA 63.&5 A7.55
3l N . . .
H# 3 9.39F-+015) 812E-001) 5.66E-001) 2 17E+001)
PedgAe | AdIne (MDA: (MDA: (MDA: oA
2 3 337E+016) 8 60E-001) 6.74E-001) 116E+001)
; ] ] ] 112216 =
ptard M ek (MDA: (MDA: (MDA: DA
A 3 ’ B N B N MDA:
A39E+016) 9.01E-001) 7.62E-001) LATEOD
R (MDA: (MDA: aox | o
17 : : : .
(1) 3 OR3E016) | 9.35E-001) 6.25E-001) 1.35E4001)
i - - - 7357 + 485
o &
OA%a ngﬂg"u}i (MDA: (MDA: (MDA: (MDA:
1.23E+018) 882E-001) 7.06E-001) 1.69E+001)
o s - - - 40 = 7.
ETRER | RS an (MDA: (MDA: T
4€) 4 383E-001) 581E-001) A90E-001) 5.07E+000)
aBes B | AEHERE 5% (MDA: (MDA: (MDA: 141'?1815300
ded : : : :
(F252) 4 A58E-001) 6.43E-001) 6.15E-001) 832E+000)
i - - 026 + 007 | 23480 + 994
R gk
ALO"Z]TOS}T}E?;(O} HEEHL;OU}E FANE (MDA: (MDA: (MDA: (MDA:
221E-001) 9. 37E-001) 2,09E-001) 6.50E+000)
o] 7]._11
aT [e)
i o714 o &) AL/ O - - - 22 £ 6.18
= 870 HEEH;U}E ia/ o;f (MDA: (MDA: (MDA: (MDA:
(5] 2) Bty 94m001) 6.32E-001) 6.86E-001) 5 UE+000)
gqg=
= 24176 +
=" | gegane opeddlE, - - - 17.30
ANxQ 4° yddzs, (MDA: (MDA: (MDA: (MDA:
(o) s 667E+013) | 1271E-001) | 1020E-001) '
) A53E+001)
W 7)o
A Asdgnte e - - - 26130 =
(uh3l) 4 g (MDA: (MDA: (MDA: 1250

79




(MDA:

mAdA= | AEd ke )= (MISA: (MISA: (MISA: 25.?8/5/302
(Messana) 4 LISE+013) 8.18E-001) 6.77E-001) 1.50E+001)
smoked X2 | AZHITE | yoge (MDA: (MDA: (MDA: DA
(natural) 4 1.29E+013) 8.80E-001) 6.46E-001) 8.60E+000)
ddAz | AEHEE 5% (VDA: (VDA: (VDA: 95'%1%51346
(Lernnos) 4 1.20E+013) 771E-001) 6.42E-001) 1.36E+001)
o & - - - 00 £ 3.
mzﬁﬂfilz HEQ}F e v (MDA: (MDA: (MDA: i (21(3/[DA3 !
R 103E+013) 779E-001) 6.32E-001) 6.27E+000)
igﬂfaﬂzq HédRrke e (M]SA: (M]SA: (MISA: (M]SA:
= 3 8.56E+012) 10.06E-001) 856E-001) 5.20E+001)
] ) ) ) 50832 +
W(]?:S]_tla]md /q %l’ﬂ Eé U]'E “I:]“Z] = (1\/[DA (1\/[DA (1\/H)A (3532
ATA= 3 o ' O o MDA:
2.27E+014) 12.38E-001) 9.28E-001) 9.10E+000)
Borden | MEHREHE | yn (MDA: (MDA (MDA (MDA
. L : : : :
FllEl7k A2 3 L60E+014) 8.40E-001) 6.10E-001) 4.12E+001)
. - - 024 + 010 | 6046 + 781
R
P B HEEH;" R g (MDA: (MDA: (MDA (MDA
169E+014) 8.68E-001) 3.08E-001) 92.27E+001)
. - - - 1872 + 627
Q 2|
0] 23 % ‘ﬁqg% TFEL e (MDA: (MDA: (MDA: (MDA:
7.00E+014) 13.17E-001) 9.73E-001) 198E+001)
. - - - 1314 + 678
o &
D Atk = Hgm;" = e (MDA: (MDA (MDA: (MDA:
5.94E+016) 15.20-001) 11.18E-001) 18.45E:+000)
5 - - - +
golospht | AgdEne | ADA: MDA MDA 28@@ e
7! 3 7.55E+016) 12.99E-001) 10.91E-001) 15.14E-+000)
. - - - 9R52 + 408
o &l
SESS[BICES A13m3°u}5 EE2 (MDA: (MDA: (MDA: (MDA:
6.33E+016) 1L14E-001) | 74548E-001) |  10.20E+000)
(3) F2HE
(7}) ¥l 73
2011 3€¥Y $F A} AAEWH A AFaL EA o] FUl A= ZhHE A W] =3
Aol digk EQtgho] of7lE AT} 53], FAul AtaiE g WA E-o] dYgeR
A= HolA FHaEo] AR sk #eE ASES st Al7I7F HAn v e
A FFAN 5 8MEAY dE FAES FYFA st Jdow, dEAL FAES xgs dE2

r et e fo



kA k).

o

E

1l 4]

9

g

A EEAE 370 Ba/kgs

A g-frok&2% 100 Ba/kg,
[e)

[

o, A 2o = o

100 Ba/kg, 71EF4% 300 Ba/kg, WA Aol o

1989 =9

L

W s AR Aol el

= o]

3T
™

=
il

o+ EEE 100 Ba/kg ¢ dA1743}H7]

gl
=
o
4
<)
gl

—

el

@

$, %o,

Ak A}

ey
T

p/]

QIS

WA BEE AA S
e, A

]
A, o

A

il A1

I3

of i

b

A
pul

P
T

-

R

A GA Ehs 2t

9

5
bl A

A g

aF A,

A =l A
l

2} 201335 337 A= o
H A 24}

-
T

=2)E #Hu=

[9)

o
(th Aol A2
jiql:l

A -l A

[
A

gt FHES S FAEdd o

B

A9l

o

3

1o
ok

=

o H

jy,]
el A A

]

=

A A g glol A Al

5

2 9

=~

AXA =w, o] HA A ™
B

235
-1 =

=
=

2l

1
T

el A

=

F

u
R

A Azek 35t

S

5]

S

A dt

J|

a8

re

1

HA solz

23

bl 54 &71el

A <]

%

i)

AF
=

p 64

9

[e)

=

s w, W, A

9

tel 7k Alme] A

ol

7 86 mm, %¥°] 98 mm, &% 1 L9 vlgjdg H

]

S =
= 71

74 142 mm,

= Z]
L |

4 87

7] (Marinelli beaker)=

_ZTI

Oox
—_
fite)

0

81

st et

5



AFoz AZHENE ofel AbghS XS AW Ao EAlstE dFoln, gk Ao YK

FEE °F 70 Bg/kg BEolth3). YCs, ¥Cs, BlIe @Az o w gl 3
Td BT FA4o AlgE HEVIe a1k AZvkE wEA HE7](HPGe, ORTEC
Advanced Measurement Technology Inc, Oak Ridge, USA)Z Adl &2 20%, 1%(high
voltage) 2300 V& o] ol|qx] E3&'s(FWHM)S “Co 1333 keVelA 1.9 keV o]&tolt}. 7
10cm o]’¢e] & A Aol ol&] FHOoRREH AEZV|E YAtste Wiete= fhupido] Add
o} Abg3 EFE9(100949, Eckert&Ziegler, Atlanta, USA)S MAMG595 keV), ®Cd(88.0
keV), PCo(122.1, 1365 keV), ¥Ce(165.9 keV), *'Cr(320.1 keV), Sn(391.7 keV), *Sr(514.0
keV), ¥Cs(661.7 keV), ®*Y(898.0, 1836.1 keV), “Co(1173.2, 1332.5 keV)S *EealH, viz]dg]
v A 7|et Ttz fE U] B §4F 52 EASYT. WA R A 19 o A
AHE A TH(A4,5).
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M= FFAIE AbaLe] o] gl Aow dAgd 5 gl
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% 31.24. FAE T WAbs A A9

No. S%{inalig)ng Region Fishery product Samp(ifg)mass 4Olfiadloactlwty lggélscentratlorisfg:/kg), k 21311

1 13.08.23 k] A5 0.916 89.1+10.2 <0.275 <0.385 <0.346
2 Q.79 0.928 12212 <0.252 <0.404 <0.345
3 Z7) 0.938 50.9£7.9 <0.332 <0.388 <0.239
4 23 0.971 77.0x£8.4 <0.407 <0.334 <0.246
5 -2 0.913 123+12 <0.402 <0.325 <0.335
6 13.08.26 At T 0.577 53.1£9.5 <0.574 <0.523 <0.340
7 A 0.807 92.6+10.9 <0.557 <0.432 <0.309
8 ) 0.620 122£15 <0.620 <0.479 <0.336
9 13.10.14 g o+ 0.881 154£13 <0.500 <0.413 <0.157
10 LR 0.866 144+13 <0.521 <0.421 <0.401
11 =3 0.855 27.4%6.5 <0.286 <0.369 <0.428
12 o] 0.928 72.0£8.9 <0.140 <0.289 <0.196
13 150 0.924 63.8£8.2 <0.372 <0.373 <0.325
14 14.06.09 EEl A5 0.379 348+29 <1.07 <0.862 <0.951
15 AE A 0.341 26727 <0.605 <0.799 <0.901
16 o] 0.973 148+12 <0.377 <0.306 <0.243
17 <9 0.961 10410 <0.473 <0.278 <0.259
18 upx) 2t 0.973 92.4+9.2 <0.327 <0.193 <0.285
19 2 0.764 103£11 <0.358 <0.194 <0.390
20 14.07.15 A o 0.752 79.2£9.7 <0.394 <0.352 <0.236
21 A 0.895 68.8+8.3 <0.439 <0.328 <0.529
22 QAo 0.789 109+13 <0.445 <0.223 <0.466
23 2] 0.893 10510 <0.361 <0.380 <0.350
24 A EA] 0.837 66.2£8.5 <0.303 <0.286 <0.312
25 %59 0.869 10811 <0.427 <0.234 <0.324
26 14.08.06 At wlo] 0.913 131+12 <0.424 <0.250 <0.292
27 = 0.854 11511 <0.302 <0.238 <0.350
28 = 0.991 99.9£9.5 <0.508 <0.289 <0.290
29 Z7) 0.838 59.5+8.0 <0.506 <0.329 <0.397
30 2] 0.708 88.3+10.6 <0.484 <0.389 <0.348
31 14.8.11 & 7 A} 0.800 106+111 <0.244 <0.349 <0.124
32 o 0.930 104£10 <0.328 <0.241 <0.375
33 o 0.733 90.2%£10.5 <0.494 <0.416 <0.179
34 AThA w} 0.454 3050+110 <1.97 <1.75 <1.04
35 v 0.326 2090190 <1.52 <1.89 <1.94
36 3e) 0.209 385+41 <1.54 <1.19 <1.07
37 15.6.17 Bk A 0.797 75.1£7.5 <0.389 <0.247 <0.281
38 w}] 2} 1.00 98.7x7.4 <0.191 <0.139 <0.145
39 -2 0.852 12919 <0.292 <0.101 <0.239
40 5 0.874 13719 <0.287 <0.229 <0.179
41 =] 0.896 15410 <0.333 <0.220 <0.271
42 2} 0.960 120£9 <0.360 <0.169 <0.248
43 15.6.24 alha] A 0.909 85.1+7.3 <0.171 <0.168 <0.175
44 ElEy 0.972 21.9£3.9 <0.191 <0.0900 <0.178
45 zx7] 0.961 87.1£7.3 <0.317 <0.189 <0.219
46 159] 0.969 119+9 <0.339 <0.210 <0.230
47 RS 0.980 111£8 <0.295 <0.220 <0.190
48 A 0.934 13919 <0.361 <0.233 <0.232
49 15.8.19 & AE A 0.380 204+12 <0.261 <0.299 <0.272
50 e 0.289 286+29 <1.12 <1.03 <0.780
51 ZATkA wh 0.761 3610+46 <1.01 <0.668 <0.350
52 Ao 0.969 109£10 <0.305 <0.219 <0.185
53 =m 0.945 76.7£5.4 <0.145 <0.121 <0.101
54 v o] 0.900 78.3+9.1 <0.249 <0.209 <0.244
55 15.8.19 At Ao 0.881 77.4%£5.0 <0.116 <0.098 <0.128
56 ARl 0.909 141£9 <0.242 <0.204 <0.207
57 o] 0.995 152+9 <0.260 <0.193 <0.117
58 7F] v 0.941 50.9+4.1 <0.111 <0.103 <0.082
59 Al $- 0.952 78.1£6.6 <0.198 <0.194 <0.202
60 il &k 7)) 0.919 70.2£9.3 <0.271 <0.135 <0.229

< less than MDA (Minimum Detectable Activity) level
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(3.12£0.2 Bg/kg)& <t}

O EFAY oldel HFAY FUEE PFT PPOE AFHFEAS g5l AF
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O 2@%olA ML F-F-F4E 72 AdRMAES, 229 671 AEE 59 1A
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o ks Hlal 2459
O #4 24 A (HPGe % §7])9]r Mg olFd FH|(Nal HE71)9 YCs dFo 34
Adghs nlas] B A3 670 Als 2F olFd Nal gvlel FAgkol 9 143
HPGe 49 Z43nth WA Yehbs 238 9¢ 4 A0tk W, MDA @& 9
AF HPGe gR|Rtt 7 Nal v SAA ©f =4 Jepsth
#3129 224 % A 7FEFARM) SH 43 vl
(=2)HPGe (7H 2HNal
?-T': 241Am 134CS 137CS 134CS 137CS
Mzg — D422+265 27.57+0.81 33.33+085  2199+076  27.09+0.84
SthE = [MDA: 3.92] [MDA: 0.47] [MDA: 0.42] [MDA: 2.07] [MDA: 2.48]
(M7FF) Lo 17801871 10826+254  117.25¢294 8303178  9650+223
=T MDA 1122]  [MDA: 1.26] [MDA: 1.02] [MDA: 2.48] [MDA: 2.75]
Mz — 59.75+320 3228+0.80  3867+098  2353+077  30.04+0.94
FNE =T [MDA: 5.15] [MDA: 0.54] [MDA: 0.44] [MDA: 2.24] [MDA: 2.79]
(7)) 5o 22965£1094  11560+284  13307+333  10590+2.16  119.34%275
=T MDA 1271]  [MDA: 152] [MDA: 1.09] [MDA: 2.95] [MDA: 3.28]
xze — 3402£176 17.07+0.42 19.62+0.50 _ .
SAE =T [MDA: 2.83] [MDA: 0.24] [MDA: 0.22]
(=) aze 10134481 6020147 6780171  5028+106  56.69+1.33
=T [MDA: 6.33] [MDA: 0.54] [MDA: 0.62] [MDA: 1.60] [MDA: 1.79]
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O 3AUE ATIA F7 Aol et o]5F @4 Nal/HPGe 4nHal%
97 Wel Al 2FFATI| BN A BE E (
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EASGTHE 24), ob&el, BR el RASI = HPGe 4rhelE BA47]S o] 43

A9 2 HEEd

91



o 10,000% EAstaL o]% & &% Nal/HPGe #vlaiE BEX7] H5S HE g3y
t}.
3 31210, 2384 1AY HPGe, €% o] 53 Nal¢t HPGeE ol & ZFEAE *Am
}jl
Fopsl = 2o
}\]JE_,_ Ho]'/\]-% %SH 71'3]:’]—6‘[ o 1 “171
11 ¢l HPGe 7% o538 HPGe
. %F 9589 + (.12 30.10 + 2.09
=
WA (MDA: 1.220) (MDA: 10.26)
17050 + 6.90 184.8 + 7.19
%/\ 2~ <7 % [e}
T AE (MDA: 3.67) (MDA: 17.54)
51.32 + 2.17 5364 + 3.07
S5 | AFY | |
(MDA: 1.67) (MDA: 11.81)
o 2o 169.02 + 6.82 1816 + 7.03
(MDA: 3.38) (MDA: 16.95)
oo Az 54.79 + 2.29 60.26 = 5.11
(MDA: 1.39) (MDA: 11.60)
205.69 + 8.24 2338 + 851
A | nz9
(MDA: 3.04) (MDA: 17.30)
64.08 = 2.66 53.20 + 3.14
A ¢k A+ 9
(MDA: 1.62) (MDA: 13.03)
EMAIZE 10,000= (22 AlSA THE HPGe HotaiE 247, CANBERRA, GENIE-2000),
1800 (3% Ol =8 Nal®t HPGe ZtOjs{Z 2417|)
# 31211 2494 14¥ HPGe, @4 ©l'6¥ Nal®} HPGeE ol &3 HFAE Cs &
@l
WAL kel E 247
A&
Z9) 112 ¢l HPGe 4 0|53 Nal | @4 ©]%3 HPGe
. ¥F 1625 + 0.40 12.3 1559 + 2.31
= WANE (MDA: 0.41) (MDA: 84) (MDA: 3.62)
111.03 + 1.85 1165 69.75 + 9.19
A
(MDA: 0.62) (MDA: 11.7) (MDA: 4.34)
3461 + 071 354 32.81 + 346
D A | | |
(MDA: 0.41) (MDA: 9.7) (MDA: 3.65)
oyer e 97.74 + 1.65 1055 86.36 + 8.11
(MDA: 0.48) (MDA: 11.3) (MDA: 4.62)
o Az 3321 + 0.69 30.3 27.00 + 3.13
(MDA: 0.42) (MDA: 9.57) (MDA: 4.14)
A 2 1F9 10751 + 1.76 113.2 73.84 + 971
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(MDA: 0.57) (MDA: 11.6) (MDA: 4.94)

33.28 = 0.70 33.3 28.57 + 3.26
(MDA: 0.47) (MDA: 9.8) (MDA: 3.84)

AAIZE 10,000 (22 A DHE HPGe ot E =47|, CANBERRA, GENIE-2000),
1,800= (8% ol =& Nalet HPGe Ot E Z417])

T 31212 A8A 143 HPGe, 84 o|%53 Nal$} HPGeE o] &3t &A= BCs 54
YA ebal % 547
A&
Z9] w1 9 HPGe H4 o]%8 Nal | A4 o538 HPGe
. T 21.81 + 0.77 182 2020 + 1.75
= mAAas (MDA: 0.62) (MDA: 9.3) (MDA: 3.96)
150.38 + 4.38 1458 1405 + 7.27
S| LES
(MDA: 1.68) (MDA: 12.6) (MDA: 4.54)
4856 + 152 452 4330 + 2.79

S55 | AE , , ,

(MDA: 0.80) (MDA: 10.8) (MDA: 4.11)
12779 + 3.74 122.4 1215 + 6.40

vl a5
(MDA: 1.48) (MDA: 12.1) (MDA: 4.45)
e Az 4562 + 1.44 372 4377 + 2.80
(MDA: 0.831) (MDA: 10.5) (MDA: 3.93)
14589 + 4.25 152.6 1467 + 7.59

AR | nFES
(MDA: 1.48) (MDA: 12.4) (MDA: 4.75)
4764 + 150 431 4204 + 277

AR | AES
(MDA: 1.01) (MDA: 10.9) (MDA: 4.19)
EAMAIZE 10,000= (222 MEHA TTHE HPGe ZolsiE 47|, CANBERRA, GENIE-2000),

1,800 (3% 0| =8 Nalll HPGe ZolsiE 247])

(3) w4 BAAR ] Z9A v wiA

O 3AUE B4 AR & WA AFo] PEE ARCsOIHA, HoluA) 7 148S &
4 Ad PNEPGe AE/)G AW ol5d ANl HENE A LA A
S Aok oA AP A7k o] 1800FE =Aste] 1 Ay e Hln BEA 5
o}

O =92t An|(HPGe AZ7))9} /Ma= 15‘ 2 (HPGe AZ7])¢] ¥iCs 3F9o] =3
AgS vlus] 2 Ay Moo A YA HPGe FH] 43 71E HPGe
Fuje] S gko]l QAH S WA v/\}I} @l AxE A& F Ao, FolHAY
A AIpgro]l A HS] wro g Folrt e ASE E 5 UMY o5 HPGe =4
oA ¢ ¥ A3} 3H11.06 Ba/kg)S 4o, MDAS A% + A5 EF ol&d
HPGe &H] 9] Zh(Ao]: 561 Ba/keg, 5°l: 6.87 Bg/kg)e] B =A vebwtt}

O Y+ Au(HPGe A=71)¢ /MEd o)%d Av(Nal A7) Vs dFo =4 2
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N
:eg AE F oA dHE dp 14 Azt 151124

3_|
Z W T :1/6

W om A
KAERI AME 9 AA=

1. -89 9 (SCOPE)

£ EAME BAs B4 DU E£2RYeEH 9B dE AR 240 IE5 5
=H 2o glon, A% % pebwEdE 24o] F5Y S ook
2. BA T3

21 IEC-61563, “Radiation protection instrumentation-Eouipment for measuring specific
activity of gamma-emitiing radionuclides in foodstuffs, 2001

22 FDA, WEAC TD RBn-1, “Determiation of Gamma-ray emitting radionuclides in
foods”, 2000.

3. 2399 (APPLICATION) 2 4 2](PRINCIPLE)

£ AANE 459 BeYEYT B4 L5, 50 keV ~ 3000 KeVe ofuA
de AstLE A A4, AP EAL kv 242 S Yo AHAB A=E 2
2os AZeE AE7s GEASRATE AR EAEE, wAN HE Ade

HelH oAl 2ol DR stm A

Q,

_,d
ol
O

& 737 HfM Tee EAdor T

4. A 7| FAPPARATUS)

41 AAZE o F A7 P (F2 15 A5y HA =)
42 Zaty % EH 7 (AMETERK ORTEC @ 3 EG&G)
EAEnEHZE7|(HPGe detector)
ll ZE 7] (Preamplifier),

r-|11r_>.il'

£ 7| (Spectroscopy amplifier),
1 54 7] (Multichannel analyzer),
4E AL EYrt i d FFH (Computer)
~ GammaVision or Genie 2000 24 =Z=2 23

a5l

&
5L
-5
43
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(2) GammaVision

¥ 4% T BAs AU AR

71 71 2 A (GammaVision)

O
71712 A(GammaVision) Q2F 1/19
1. Library ThQl BPAJ oo 2/19
. Cortificate QY AP, wnsven s o 4/19
o AR DA s om0 6/19
SELREEIA o b 8/19
mA s A B BB RT] e 10/19
G TR R ———— 11/19
o | Pl SR R R R 13/19
e B T G R G 15/19

98




:'éz 5 HAE 5 e A2 4 SgyR 15.11.2
O

Z W 5! 1/19
m A o
KAFERI 7171 2 4 (GammaVision)

7] 71¥-2 (GammaVision) 2 ¢F

P didmd =827

=
P File —> Open Datasource —> 2404 AT EH(Spe o) A

. 24 Library A&
P Analyze —> Setting —> Sample type -> Nuclide Library

Auz-78 wd 48
P Analyze —> Setting —> Sample type -> Calibration

- wdEd ddRHEE, 2ETIEY, 244, 9OEEE 3)
P Analyze —> Setting —> Sample type -» System, Decay, Analysis, Correction

| 4 Analyze —> Entire spectrum in memory.
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(3) Genie 2000

E A% T BAls AR AAA:

71 71 2 A (Genie 2000)

= bl
217154 (Genie 2000) RF o 1/25
S i IR 2/2b
2. Certificate M FA] covvvmmimniiisim i, 5/25
3o OLAR] MEA o 7/25
B Bl AL, s TS5 11/25
5. 2 g A g BE]QF] sesemmnmmni 13/25
B MLZERG IS LA o 14/25
N 17/25
R L —————————— 20/25
o —— 21/25
el 24/25
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M\ 3E = r= H
o 5 HAE 5 e A2 4 SgyR 15.11.2

(=)
' & oL B LSS
KAERI 71717 A (Genie 2000)
717134 (Genie 2000) £ ¢
a4 oidne 2827

=
P File => Open Datasource —> FA0]4 A= E=Z(CNF o) A=

HHA nd & 58 &
P Calibrate -> Load -> *. CAL
=M A4 Energyv/Shape, Efficiency A3
oz wgsl £ A 82t TYUF Geometryd] CAL LS HH

. Feak Search
P Analyze —> Peak Locate —> Unidentified 2nd Diff

. Bon 4
P Analyze —> Peak Area —» Sum/NonLinear LSQ fit

WoztEe 23
> Analyze -> Area Correction —> Std. Bkg. Subtract. -> BKG o} Select
Nzl £4s1&F BKG =Y (232l CNF) A

.28 2
P Analyze —»> Efficiency Correction —> Standard —»> Dual

Ho]-)\l"H SH= _T\)_,].}g

=3

2 S |
P Analyze -> Nuclide Identification —> NID w/interf. Corr.

. MDA H4F
P Analyze —> Detection Limits —» Currie MDA

.24 23 59
P Analyze —> Reporting —> Standard
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7 < 9 3 ! 1/10
S HPGe 4%7] ©l§
1. A5 44X+«

HERM AEE ABE UNYRE AAND UEF D2 FIRES AHAE 5

P gastadl st ASE SR A7 $AshE FHAz of A wek Fulg,

1=l EHBF
1) #4)7] (Hammer & Chaffoutter)
2) E47| (GFI-3070G)
30 A7) (Blectric  chamber type fumace &  Electrcally Theated ceramic
chamber or Fisher(ISOTEM, Owven Model 177))
41 & 2 Z(Electric Muffle Fumace, #C-MFE)
5) A& (Top loading balance : 04—2100 g)
6 A7 (L =tz 92 d]7)

1-2. #AAz] 9wy
O €0 2F AZA BrtdRs 25 AA S
@ ANEE ASd4d F 2472 2459 SAE7AL v du AN B =
Z 3%
@ M5 THEAENY =F A AL FHse] Ui §F 2HPANNE=
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1% < 9 3514

KAERI Nal 4&7] &

1. A= A+
HERM AEE ABE UNYRE AAND UEF D2 FIRES AHAE 5

P gastadl st ASE SR A7 $AshE FHAz of A wek Fulg,

2=l THTF
1) #4)7] (Hammer & Chaffoutter)
2) E47| (GFI-3070G)
30 A7) (Blectric  chamber type fumace &  Electrcally Theated ceramic
chamber or Fisher(ISOTEM, Owven Model 177))
41 & 2 Z(Electric Muffle Fumace, #C-MFE)
5) A& (Top loading balance : 04—2100 g)
6 A7 (L =tz 92 d]7)
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o 9 AE T WAbs dEAA 2 dd
Oz} =7hd AFE F WAl 3y 71ES ofd Fol Ay
¥ 3144 A= AFE F HAbs s A3 os, M)
gAK@ 2= B (Bykg) HIAMM A& ¥Cs, ¥'Cs (Ba/kg)
SET 2 (BRElRiA 7|E g4 i, A= = T, O,
SET gmz (FRM = T osuz T ST gm0
S M2
SIECH - - - - 10 50 100 100 100
o= 170 170 170 170 1200 1.200 1200 1200 1.200
o= J\ﬁl_l:l: ~ o
T SF 2
== = 33 160 o - 330 210 260 :800
M 89 ™
Codex 100 100 100 100 1,000 1,000 1,000 1,000 1,000
EU 30 a0 2000 2000 200 200 500 500 500
A RotE AIZE 100
FEUS d2 dEa SUX Bl HalME YRIIES MB3D US
¥ 3145 A= AF T YA 7 AMEFEE, 2EER)
HIANZZEE 2Py (Bokg) AN AEZE 95 (Bgkg)
%7|' tE=) | iz cE=) | iz
JSTOMNE oz sz _STOME ayaz o oigwz
25 2 ®HME 5 2 7HE
o= 2 p) p) 160 160 160
Codex 1 10 10 100 100 100
FU 1 20 80 75 125 750
LA FUAES AR Q2L 2 MNFO| 7|FX| O|LHZ HAEH2E, FTUXO|H ‘BEREE, 2AEEE &' CI2 dAls o
Zo| LUK LASSE FIIZ LBoIEE 2Fstl UAS
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S Wt (2014.12.06~2014.12.11)3Fo] 1] =r2]
RUB " AAe #eds Fol tiste] dolRE it

o8 W= W AL AFEI Axpy T
5 o9 mUEYS shu 9k 19869 A2
Akarel 2011 OE]E HAALL o] FHE = FUA A Fol sz WAks AL
3kal Qlt} 1999~2005W 74 A WAbs 54 Ayl FDA 4 WEAC(Winchester
Engineering and Analytical Center)ollA 2011~2012d ZFAFgE dE AT “Japan
Earthquake/ Tsunami Tracking Report(DFS)” B3 A] A3}7} F7)% 3 Q)

O FDAol= 2559 AZS sk E4sk= 900018 A3 450013 4 dE77F

- = =2
glowl, FRe| Ang EFste] FDAZ #dshs BE AEd £92 vel gSsta gk

o

mlm e 2
> e o
> N

O HE TYAEFE FYdANA AsHoz HAEL 9o, FDAA = F 31,000
Aol FRAFE AS 24T 17500080 P AR FaAsa vk

3 7] (CBP; US. Customs and Border Protection)$}¢] &&l&
o] H&= AF AAE vz motsta, dEA FUEE AFE
E—:r X}%;ﬂlﬁi T F4 Alago] HEHEE FEsta Q)
E3], “4d AW (Import Alert) #99-330"5 =3 WAls o] ¢4

= =

— T

z, Blse AT A, h2 AAE S 2u oE A% AF £YL AW w
=

=

o 0149 71FE AFE Yol FuhE RO 147) A FTFEAM} o} o FE] x|ul otup olub
7], oletd], wlokr], Urti, YZbe} Atelelal A]Z2 Q7L E2]7], ofulrtE} ofmfuiAl

« 2014 VI el HA e AET SRk FAes 2R dd ST

O dEJA FU=E FDA #He|ds A2 2F59 %%"}E, 9137]7]9} WAL HLixﬂ%
(radiation emitting products) shE, AA GekE, AEsHA
glom URAL F=QAIEL nj= HA FUAE 71 4

1£9) 29%% 3}
Fol Agetn, g el FAHE

o Auynte} WA= 429 2 F ] 7474 = A #%‘
= 60%7F A

T% A
A EL e, 29 T AElE 3Ly Afa

HJ*

5 AETUSUEALFERN): AT LA, S, WAbs 0 Sk B A 4] WEA) SAshel VI vl F A% A
e A4E ATLE S MR Fatalel tHE AF e ATa Al
/\

E(Import Alert) #99-33: WAbs o= Qg A& AF &
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FDACIAM = 1AL X Qo A AAabs = A Fo|A|wh, “dd K #09-33"¢] &
= WA &= AFEed dalds At mE 2=Rstet FEd 55 EFI A
dH AALE AAlska, FDA A84e S8 A dFs 2492 5 =S dF A

AAAT QALAY olg]e] AR AGM Yo £YHE AF] A WA T

AQE72 2aedsa 1 Avgel Mgk gun ¥ A% Ay 4B

ek, 1 sl WAbs RARET] Astgkel 091 ASAE A 4AE A A

2 #gsm vt

CBPOIA = Ab4 B4 442 Ba #98% BE 483 88, 45 243

of FAH 982 Aol AXska Al FDAE AR A AHL PEs
.

2= =) 5 o] B o =
, U E R AR 55 2Asta 3l

Rl

H

3l ko] A E-H 2 W (Bioterrorism Act; Public Health Security and Bioterrorism
Preparedeness and Response Act of 2002)0 A+ RE 2E3 &85 F£Y3t= A
5 8 AFY s = 24417 74 FDAC] 2559 W8S AP AnES )

3 ogle] Aol AAE F e AEol WAHIL A4S FDAE Y A Fo
x=

=)

SN AAA el BHEEe] AEo] QS F £ JE PAE FHFe g o=
b Al (HCs, ¥Cs)olv, FDACIME Zad 29 2eE2F®Sny FHH("Ry,
R %= AA sk Qo).

FDA7} 2014\ 3€71A] FAlvl Q93 A=A FUHH] d3toz Hilslk ¢ ¥
U AE2 1,3457 01, o] 7Fe-dl 225707} A= ol ALY S 2]

1,34570¢] AAF AZ 71, Aol HEE AES 29 ey 2 =5 FDA9
E=AdE=Y(DILs; Derived Intervention Levels)*S A Ux &
ol fElE YER A et R

nl=] A5 AH8-E = WA @3] FEY=S(DILs; Derived Intervention Levels)

Radionuclide Group DIL(Ba/kg)
Strontium-90 160
lodine—131 170
Cesium-134 + Cesium-137 1200
Plutonium-238 + Plutonium-239 + Americium-241 2

Ruthenium-103 + Ruthenium-106° (Cs / 6800) + (Cg / 450) < 1
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= dTlME wAE T WAk AEEA ] A e Nal(Tl) 2 HPGe HZ&7] 7|4k 0] 59
4 v E AdsAn, 53 Y MCAE | &3t Nal(T) ® HPGe AE7] 7+%°|] 7%
& AHE Nk o] 2 fsl F 3de] AN V13 ¢t D) @ ol d WAbe £4S H

of, 2) weld AHA, oled JE, ASF B AT A A R HFE

B e 7)E g EG

o)
Az S g, 3) A4 AR Al B 71E A e AeHlal 55 sk

T A= AFNEke] HE ARS8
o U9 A% WA A AARPEH] Az
7l gk A5 A 2 JFAA
J AZ7)] AFE AAAN
ks gagel dxe| ORI @R RS A
12} - AAE E A A AA
20134 2 AEA A B A
= - A W A B maz o s
29 i
e HPGe #Z7] A& A
- Az E A A AA
- A4 2 AF Bz a3y A7
e Nal(TD) #HZE7] A& Hl|e Nal(Tl) A&7 AHE AAH]
AL#H] Prototype A2 - Prototype Al #
92 2 A5 AF - ZAA L AR A =
g 2014 o WALE HAREGE] EA 2] - Adeds 2 R
- 23 AA o HPGe #AZ7] A& AAFEH]
 HPGe AZ7] A& HAH - AAHF E 2 A A=
v A - A dag s AA
e Nal(TlD) AZ7] AF& AAFA]
- ALAE A=
. 7] A& AALAH
. HPGe A}‘% 715]/\]-%(}1:1] HPGe % E ] ]’o =1 ]’o ]
P Az @ o=l Prototype A2t
33} rototype & x 8% LAz 9 wg
20154 Fapes
LR |- AASE A=
o WAS AAREH] AJAFE
14 9 =5 9 o S RTHUTATE A A AP
% 1 EF =<
s EE o A AN 58 29 2 BAEw
EEEEA-T
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. ol5d WAbe B -4
2 AFE T MEdE FAE T WA AERAE o5y WAbe BAEHe] o444
3.2.1.2°1 A7},
¥ 321 Ao A et o] Fd WAbe: S 4
T Nal(T1) HPGe
@O X2 : Canberra 802-3x3 @O %9 : Canberra GC3018
A A -
A% Apor @ 74 : 3%3 inch @ T4 : Ref. Eff. 30%
@ Hils : <75% @ Cs-137 | @ H3lls : < 1.8 keV
@ =AW 40 ~ 3000 keV @ =AW 40 ~ 3000 keV
S AI7H 20+-(1,200%) 30+-(1,800%)
HAAETA S
20 Bag/kg ©|s Ba/kg ©|3
(MDA) a/kg °lst 3 Ba/kg ©lst
Ae 5494 | Ao s ar eu
(78], 2 AHAE)
5 A 100 kg ©]s} 130 kg ©]&
@ T4 : 9260x375 mm
@ Nal(TD) % HPGe A=7] A&
2} 5] A @ 1L Marinelli H]o]#] A&
@ 40 mm FA9 g
® &8 ¥ o]so] §old 9utA 2 H
@ T4 745(W)x842(D)x948(H) mm
olsd 7FE | @ Nal(TD) ¥ HPGe AZ7] A&
@ dAY Hola R o]5§ v =
D 8192 A2 digital signal analyser
@ MCA dHlole A% 7%
Q@ LAY 0 ~ 5000 V
7 A5 @ H9
- QJE-AY 1 220 ACV
- ¥lg g : 168 V/3 A(Li-ion), ¢F SA|ZF & 715
® B4l TCP/IP, USB
] 3L hya
camza @ %.E-Er DB Z&21%
@ =4 ¥ dFFEY = 2273 (NeoGMA)
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df)¥} OrtecAte] FoodGurard (http://www.ortec—online.com/Solutions/Food-Water-Environme
ntal-Monitoring.aspx)7} tE A o]t} o] A Au| = Nal(T) A7) 7|6 WAl AAFEH]
o olsd FtEE A& A Edstm Al FAo thFEE AA sk 2 A 7F 160~200 k
g AEe dAFoZ A& o] 7le] ol W AFEA o] ALY BErMssith wule] A5 F

oodScreen ¥ FoodGurad®.t} W2 $=52] F21% WAl =4 Au|7F 45 o] Fof )
Hoodqto A kst Nal(Tl) ¥ HPGe #HE7] A% olsd WAls B4 = 543 5 HJ
AV AlERA S 93 AlA FZxeo AFE o]t} 2] A =4 2 dFay

—EL ‘_l%_ - |
g2 Z2IWNeoGMA)S F3 ) Aol HAHate 24 ulg 73

#3214 @A AFl ol d WA AELd AP

S AL/ A 9 4

e ZZ7]: 27 x 2” Nal detector

e MDA : 20 Bg/L @ Cs-137 (4)
o SAWS 40 ~ 3000 keV

o A/ FA /38~ 42 mm

o HAeew WA g e
o FA ek 200 kg

e« 7FA 60005/

o HEWH: 37 x 3" Nal detector

e MDA : 15 Bg/L @ Cs-137 (10%2)
o AWML 40 ~ 3000 keV

o AHA/FA H/30 mm

o ALEa WA AEHE e

o S 2 160 kg

(1]=%) Ortec/FoodGuard e 74 4500 T,/

2. AAA L o5 E

7k AR A
(1) AL As A AA 3 37
(7h) AR A A A
AAA AAS fd Tat A 2as AT A8, olFe] A9, =1 A, AF9
Harelelt, =o] Anjel A5 AAFo AAZE =g 1218 vwede] ¥ 132 mm x H
155 mm)ell & z#EF o] 150 mm= Az o] dvk A RE oA F= AR T2 1
gE whelde] Bl71 (D 148 mm x H 144 mm)e] - Aol olek &t = Aulo] A
AREE S m7lel ARTE AR = dol F WAt HEV] 2 AHFVE e9E H7t
Brh 3 AR A R FFo 2 ofgwe] AT webd AdR A A el A
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CRM &71=2 AR&¥= 27k4 719 HA el 188 - viede] #l7] (D 148 mm x H
144 mm)ot drkd oz ALgH = 18H w7 vigldg HA (D 162 mm x H 124 mm)E %
ol 5 B sHA AHE7be st =S ale skt

A o] ol ol Fd THES AFeS A AR HALTEY AR Hd A Abse &
°]¢1 900 ~ 1100 mmoll $jAste] Az we A £ x7F HAeshA AbEst=S a1 stg

32

1:}

=98 18]E vlgldz] viA TUiE- 1218 mlede] HlA
(D 132 mm x H 155 mm) (D 148 mm x H 144 mm)
19 3.22.1. 1891 wigjde] w7 =7 v

Ao Anws Advdon AW 242 fEU o F AAAY Aww A%
At o A 5o Aok pebde] FHe(d 3222004 AT F A%o] FA AAE
B A7) ga)A "ol A gl sl o 3u) ol FAES ALgdol A &o] FEaALI
o) Fool we A wF Se] wWEel o5 34 gvlel v Az e A
. wepa HAxde] Hule Hoo AMEe A we Av ARZ AEaA.
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2F il 219 mT,
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51 Co 5k
21 ok
1(]’105 - T— = 10710 N 182, B Eplime
i wmTe AU g \ 130 ok 198 Ay e
T I | I I I i 1071 L 1 L 1 1
0 10 20 30 40 50 60 70 80 o 10 20 30
22N (em) Hel 3 (am)

a9 3222 Aol A W Tl wE pvide] Fihg

O Z2EES A7

ZREEg)e 324 NalTh) 4%71% 7122 37
F 67b9 mug TARGon, A% Ry B
5= BQoR AAA Ao /1FS Atk

ofel 714 Ade AEdtel F 67HA AF RIS
EEHOE YA WE AAAE AAA AAE =
Wit FejE Aot ANAE L4 B2y o
A A sk e 27 Feje) 294 27 P4 S

% 3223 ZZEEY Ui #1 (o]FF B
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a9 3226, ZEEE] E #4 (A8 27 W)

137



a9 3227 ZREEY Y #H (A A x4

19 3228 ZZEE] U #6 (A A 27 g=])

@ Z2EESY A4 2 MDA 37}
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¥ 3221, AHF AAA 2 AE
Detector Nal(TID) HPGe
HrHdE YAE
20 Ba/k 1~3 Bg/k

(MDA) a/kg a/kg
H=7] A7) D8 mm x H 223 m D 79 mm x H 238 mm
A 587 199y mhg]de] 1A 188 wlg]de] v A
(Hd=7]) (D 162 mm x H 144 mm) | (D 162 mm x H 144 mm)

AT ol

(o]l 54 7kE A9))

500 mm ~ 700 mm
(A=A =] A 2])

500 mm ~ 700 mm

(A 272782 23

70 | w2

Eejold Ex 279

G2 A A 20 mm ~ 50 mm 20 mm ~ 50 mm
e A 4 ~ 5% #3 4~ 5% welg
co T (W% 15 kg ©]) (N 15 kg ©lW)

da A% 79

Ao oAz Hda 9o
12 22 s (D 222 mm x H 343 mm)
T A 80 kg ©]3s}t 100 kg ©] &}
AAE F 2 A AFHAHS A5y et HAHFEWALS FE(minimum detectable
activity;, MDA) H7FE 913t A AEFS A ZeA et AAFY @ 2AHAA FA= 71 28 A

= 2 A FAE Fasto]
FACA T Ed
o= F7b Alztskaiat sl

MDA 7}

7F WAEE GC3018 7

ml A

3E 32220 A8k

HPGe® MDA
9y 2RI o8

. weba

3o 40 mm ‘TS"
&4 A A e] MDA #, 4 FA 5
WAL A ) ‘E} 2FH A o] A A C”ﬂ

22 25 mme}t 40 mm T”ﬂ«]
=3+ MDA7F AF&5 A

o)1
5

Nal(T]) #Z7] 2 HPGe AZ7]o| thato] 27z
MDA #H7FE 93 Canberrarl 802-3x3 Nal(Tl) #
T2 ANPAAE FASEA

£ Nal(TD %

o =

BE g WG
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, A A o] FAE

(@)
=

A A AA S FAS FAT
e sko]

& AAAE A

s
zolAy ==

¢ & Ak

rr ru&

Al

S Ak Nal(T) HE7)¢
AZ719 2007P ZE 9 Z DSA-LX tEAd
T3 HPGe #AE719 MDA #H7IE 98] 2002CSL Z 2 g1 =
AZ7]9 DSA-LXE T34t 2 AEAAE H2EL 25 mm
Aot 40 mm & A Ao TAA o= 2%‘10} 30 MDA H7boll A8 Alg+&
7o & 1000 ml Al&olH, 2+ A8
A 30%(1800%) A 3to] 662 keV(@ Cs-137) J oA MDAES A
ov, 40 mm & AHAAE A
291 Ba/kgo =

=01 7H 450
AZ=71e A 20+ (1200%), HPGe #H =719l
. AHEE MDAE
. Nal(TD® MDA+ 801 Ba/kg,
ole} g 3xkd
A oF 90 kgo® AHE
Aels A o5 9



#3222 9 A#HA FA ©E MDA 37 23 (49 : Ba/ke)

A A 5 59 Nal(TD) #=7] HPGe A Z7]
20T 450 ml 26.3 13.3
450 ml 20.7 12.2
40T
1000 ml 8.01 291

% 3229, 3914 Nal(Tl) A=718, 40mm of-& X}

G 2 A A 40 mmE FE3] TR0

TAEL dol 71zl dAom A3 FHA

o
<
X
i
BN
B
—r
X
rO
—

Body Base % Bottom body
ZAH A S MDA 71s=3kol Fate F7 40 mmz & 35 24 =24 & FA7F 15 kg o7}

k1
Jh
of
|
BN
N
lo
ot
gus
.?{_l‘
_O|L
2
)
N
N
N
1o
b
L
%)
2 o

7}
7] 95te] ~afF BES JFAR HAsgon, &
gty dFHEG e FEoR Qs |
Kol
=

g2 /ug & A
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(@) "2 Al Top 714 (b) Body

(c) 9219 A Body Base (d) Bottom body

(e) Nal(T]) =718 PE 71|t} () A =HdH

1% 3.2210. 40 mm W AHAA AR F AA 2H FH
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(b 2EA 72 R D kA A

i
g
K

s 2= W ol ZF JEdo e &35k 15 kgel 2k FAI7F
oA AHEAENA AAE] MAL £ s FAHES /A dd 2da AN E SARE 59
Al dar dotol sk Ao gk B AF TR g kA E WA St A A
TZ2E MR ol & f18) AH A Top AWl gk A gw 3 7} 27 REF] AFS
THA R AR AHA 22HS B0l SRS Al A A} EFold TtEA| = skl =¥
A BE T YFo] At &Folofvt FEd ~EH AV AL DA HiEdH, 23 BE
Edolv BES A4 AHA £ BE AF F99 gEo R Q) AT dojd TheA
o] EAgtt. 1glste] & A A &xfo] BES AVt dolE s, BE U5 YAME A A
of H2Al =X & gt BEES} AHA dAe S At FE A E A EFfo] FE
of g A= AlEdold AFE A St T 27 N A ARES Al T 2o
2 o] AAAZ 9 AR Yo FA] 15 kgolAd 3 2749 FAZ 10 kgolst=Z A H
s} a3t

27 32211 8 AAAE AF AAA(S) vHE

T8 AeAst A8 AAAES vws) B ol A Bio]l F7¥ 1 mm Telwo 9l
A AA 2717k wAEA E78, 9 Nal(Th) @5 29 259 Bottom Body(723
32210, ()e] %F0F YEL F7 15 mmE AT A Fehve] I A9 ¥ Pow
waslolh 78 AAAe] %7 A NE A 10
kg7t A rastel o, wal, 2dAe HRge Has Azow, A4

A5},

@ ##H A MDA A3 7}

T8 AHAE B AF AAA= AW He g2o
Aol AEdE &lstr] fstel MDA W3t %5 7t
7He 71EWHY FdstA 88t MDA 3 7kell A&
H XFAHE Rice Low AlRE AME3t9eor O A%E ® :
o] gigk A8 A A MDA #+2 73 Al A gt w9 FAES &
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A8 A AE o538 WAl: BN F AR HF AASA
¥ 3.223. ¢ A#H A wE MDA AEH7HE9 : Ba/kg)
) MDA (Bag/kg)
Detector Nuclide H] 31
Old Sheld New sheld
I-131 79 7.3
Nal(TI) Cs-137 6.8 0.7
Co-60 14.0 14.0
1-131 2.8 2.6
HPGe Cs-137 3.2 3.1
Co-60 35 3.3
@ A A A E) A
A A B GS ARt e EFolE kA S T Al Aok st FEolt i A
Aol &30S B3] Y] AMgE EBEWIo R fiRE A FAE AAsE FFo|
7] wizoll AA &Rt Aol AEQD Wl FEoly FAo R Exbo] Figo] WolA A H
W FHALI R o]ojd & Qe AU TAFo]l Utk uwEbA W AE A Exbo] R st
TF erAASE 33U FERE AEAF 7B VP KOREAY ¢ &8ty F3)act ¥ 23
A E3o] b A AlEEolde bl 7] FHE oA EFolE AESt AHAE &
of &3S W d4dd AHA FEY EE EFolo kA digt FAloloh HIF 7= V)
B 7] T8 HoA &FolE EFUES w A FAE ol uH BEV dupvkE B
g 4 deA], a8l BEV A5H A FEe Wy o] WAl Hojtg
g A A F2 kA Ay Fe A A A FAGES VIeeE AU S8 24 MPa, #
g AFAEE 21 MPaz2 2H=HA0. 2 22 FHo $2 12 MPa, o <1 A== 505
MPazZ 2F=H o webd ZdA FAZ Ak HEELS 0%l 22 A9 A AA= e =
St AFAS 7HEE 5T 5 AATh
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2.FE 2EAY

— SR - XA
- = o —
150 Viow FrontView
150 Viow
Top View Bottom View Viekd Utimat
(GPa) (Mpa) (Mpa) (%)
[ 215 505 2
[ 925 30 »
[Tome] tods | Ciomentsa | Fromensd | I I | T = 5 &
[ | - =3 | = g m 03 m w
. -5 P Up Korea » -7-

P v Korea

4. Boundaray Condition

~ R

5. i 20t _GAHEHIX

- Stress Result

s, pises
SHEG, (fracvon = -1.0)
(g 75%)

%

i
i

12MPa
Right Viow

—

A A 1A A

DOF AlFix DOF AlFix
RightView
Detalview
opaie | -Botax Susss=12MPa (STS304 - Vil Srass = 2150Pa, UTS =505Ps)
2 *PhMax. Sttess = 2.40MPa (Pb -Yild Stess = 12.9UPa, UTS =21MPa)
i} -9 P Vp Korea ... -1

P Vrkorea

9. WA Z0t_SXHHIH| 5. (WA Z 0t_SXHHIH

— Strain Result

— Displacement Result
e

20
SHEG, (Fraction = -1.0)
Gva 75%)

U, Megituce
St
4 o8t
38 &0
88
6% 56
o8 0,00
b
[ 50 28
858
38 38
= 88
8% .
Sy
B ¥
Detail View Detal View
UL | -Max Stmin=00 Z2E | - Max Dispacoment = .01 mm
> - VP KOREA = -15-

P #korea

19 32212, W AHA &3] T+

BN
2
2
=)
1
i)
::I,
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@ WA A A%
AAA T2 AN L FANNL Fal o5 YA G P AAA] AA 2 o
g AEdgh o8 Yoz AF F AAAEZ AX

(e) Base Body (f) Bottom Body

19 32213 ol d WAbe ZAEHE F AHHE A
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. o Bd s
(1) o158 7= A% 2 B
5

(7h ol JIE AA

o]53 JlEE 3'x3” Nal(TD) #Z7]1¢ Canberra HPGe #A%7] ¥ Big MAC R9& 2o
I+ JEF AASAT AHA AAg= ¢FHE A2 wENSH, o= Big
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(1h) &A1 *1E # o] 2(TCP/IP, USB)

USB-AHOST %
wo )
oEsegexg uses
LRLHT Rz, s,
- Sgy e Ll RI3 N 4 5 R0 2
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e | o
2l
ES N PO
L
VA
o P "

e

rset] -
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(3) TAE dolg g5 Aol
b Fa 7%

FPGAoIA tilAddE e} HolHE5S st FAlo2H T8 7|5S v 17dd YEd
th. ADC+ 20 MHz, 52 80 MHz= &5 ZgPx 55 A3 tgxds g & o] A%
of " tAYd FeE Fdeth A&7 AE2 ddE= eventol dlE] HAfS AES v
5 B¥ZE A=t w3 FPGAW tAE Z2AA [PS FAste] 959t EA1S Fastw
oo wE Holy F5o] o]fofA s FAGT ol2fd BE Tes shuhe] w7 Ao §&
Akl 3= S (kefsl Sl

ZYNQ
(FPGA & F/W)

L]
.

% 32.3.15. FPGA WelA e tAd ZdE 4

(h 9 i+

Ahp ARE 2 T
Polarity Inverse of input
2.5 ns at 0 pF input load with 2SK152 4.5 ns
at 100 pF input load
Output Impedance 10 ohm
< 0.03% for 0 to +2 V unloaded <0.006%
for 0 to -2 V unloaded
300 Mohm x Cf = 300 us, 900 us, 1.5 ms,
2.1 ms User selectable T=Rf Cf
Positive Clipping Level > +28 V
Negative Clipping Level < 46V

Rise Time

Integral Nonlinearity

Decay Time Constant
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AD ¥ =3 274 Hslo

T/7 €¢38%F 3 % shaping =47 I/O=
s3] peak ATE EHAZ S LAEZAF

slow filter, fast filter, peak detection

Fast Filtar
3500 Slow Filter
i ADC Input
3000 - Peak Finder
=
= 500
g
vt 2000
@
b1
=
. 1500
=4
=
x< 1000
500
i S| D | e —
o 50 100 150 200 260 0

Time

# 4 Trapezoidal Shaping
910}

peaking time %74 : 0.1 ~ 1024 pus
flat top &4 : 0.05 ~ 51.2 ps

< 3B-12-36
o 24-24-24
= 12-38-12
4000

Amplitude(ard. unit)

| e

test pulse® A}F&3}9] picking time, flat top®ll
w2 T/Z shaping 9 E4¥S AZ A7
a9 2 e

SlaEIW  Heo 8192 # i . .

A de Hx F7]d) gSshs slaEas &4
=<

TCP/IP dHl°]E &4 =% T4 24
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Channel
Linear Fit of Chan

1000 +
800 A
Esuason yua e
A5 A-Square s
Crarne e s .:N: - "!Qa;
600 Cramnes Sicpe 1 tecn3 t 403264
@
=
=
E 400
Q
200 -
04
J ' T i T " T ¥ T v 1
0 200 400 600 80O 1000
Input(mV)

19 32318 4 A vl =8 Ade] A9 v

(W) Preamplifier 92 Ao m2 A~ EH d|u
Preamplifier 2125 & ¥= AMPTEKAFY] DP5 MCAE ©]£3}9] Preamplifier ¥ 2 24
o M ~HEHS vl FAHSAT MY Y EES AE&IS W Cs-137 HF Vo m
6.7%° 3k A Easo] AEH M (Canberra datasheet 7.5% ©|3}), &9 A<
Linear Power Supply(Agilent E3631A)% W74 AS wol= AL FU3 o yx E3fso] e}

SETt.

e Ce-137 Co-604&
_h | Ca-608
fre . |
£ f’r .-}
) s T |
Yois | n
(e W W

.Ik |
i!‘ "‘f-\w#, ¥ m th%{l J'I"\""
4 f'

% 32319, /19 AY 2E3 48 Linear Power Supply 2] W]l
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¥ 3.2.3.1. Preamplifier 3 dYol] W& 3 Hl L

Zal & F FWHM Peak 305 (%)

Co137 Linear Power Supply 16.164 240.76 6.71
.-

Mt AL ¥ EE 15.965 240.71 6.63

Linear Power Supply 19.323 416.76 463
Co-60A

Mt AYE ¥ EE 20.818 416.53 4,99

Linear Power Supply 21.215 470.57 4.50
Co-60B

M AL ¥ EE 21.127 470.13 4.49

(th) 98 Add g ~9Eed
AHAADMC +24 V)ol AL #& EAo] 3 mV ©]sel Linear Power Supply(Agilent
E3631A)¢ @& EAlo] 120 mVel SMPS(Switching Mode Power Supply)® d9< 3H3F%
S u ~HERHS Z7F vusdg. I A 2EF EAo] v SMPSE AMSdlE AFHEHI
2| o S

H| 1l

1000
ii \,‘ SMPS, 24V
\w Linear, 24V

Event

10

T :
&00 800 T00 a00 S00 1000
Channeal

2% 32320 d¥Ade e 2HAES vl

v — T T
o 100 200 300 400

(2)) PMT Base % NeoMCA A% #H7}

MrEl AAE Preamplifier#1)e] A%< H71sl7] 93] 593 25 1S DA = A8
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A|3%<1 Canberrarl Model 2007(#2), OrtecAt Model 226(#3)2 z+Zt AmptekAl DP5G MCAZQ]
AAdsto] HuSHE T olE f& 1 pCi Cs—137 A A Y-S Nal(Tl) HE7]ZHH
10 ecm Aol §xA171 ¥, High voltageZ 700 VE 1143 th o] Cs-137(662 keV)e]
AE DP5GO AllS 2Aste] wdg Ao xS sttt o9k A 7dE MCA9
A H7EE 98] dAE MCA A84% < Canberrarl Osprey(#4), Ortec A} DigiBase(#5)S
MkEl AA S Preamplifier & NeoMCA#6) S 919F &Lt oA v =4 st

(a) €A¥ Preamplifier (b) Canberra 2007 & (c) Ortec 226 & DP5G
& DP5G (#1) DP5G (#2) (#3)

(f) €A% Preamplifier
& NeoMCA (#6)

(d) Canberra Osprey (#4) (e) Ortec digiBase (#5)

19 32321 FEAE AEAES] vuSAY BE

ZF AFe] ~HEHS Hwsk A3 Nal(T) AE7]E ol&3 4 REg ~FEHLS &
PSS & F AAJY. wEA B Ao JidE UAAY  Preamplifierot

=
FEAEY AT Aol THES & AU
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#1|
] #2
| | #3
1000 4| . #4
_ 3| I #5
B | —
=
(4]
S 0o .
2 3
{441
=
=
o
10 4
1 T T T T ¥ ! 1 g ;
a 500 1000 1500 2000 2500 3000

Energy (KeV)
% 32322 Nal(TD) A=71& ©|&3% PMT Base 2 MCA A% %7}

("H) NeoMCA #3&5 37}
7H“L51 NeoMCA<®] #3ls H7IE 98] Canberra DSA-LX9} Hla=4 S F33ALt o &
A8 4 LN E o] §3ted HPGe #E7|(Canberra GC3018)& 4417t o] Wzteldth. o] 1
uCi Co—60 AAAMLS HAE7I2HE 25 cm Ag YA A17]aL, HighvoltageE 4,000 VZ& A
Ak o3 8192144 10,000% &<t z+z A9 Y. 19 3.2.3.232 Canberra DSA-LX %}
NeoMCA®d A Z+7y Z4 ¥ Co-60 g ~AEF]o|th NeoMCAQ &35 1173.1 keVeoll A
= 1.07 keV, 13325 keVolA &= 1.08 keV A= WA 4F&E5 At
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NO. Aledz L= AEFF A2 Y K-40(A) K-40(M) K-40(8) 13108 113

[ 1 2015-FROCO1  NEO2015-FRO0OL siE ) WAE EAY J i o.00 10000 1
1 2 2015-FE0002  NEOQ2015-FED002 o 20,00 300 30000 100.00 20,
i 3 2015-FEO003 NEOQ2015-FEO003 1.00 100 300.00 -

B 4 2015-FEOOO5 NEO2015-FECO0S . 0.00 0.00 .
[l 5 2015-FE0005  NEO2015-FE000S . 0.00 .00 0.
[l & 2015-FEQ00S  NEOQ2015-FEO00S - 000 0.00 o.
] 7 J015-FEODOS ~ NEO2015-FE000S - 0:00, 0.00, o
i} 8 2015-FEQ00S ~ NEGZ015-FE000S . 0.00 0.00 o.
[[] 9 2015-FEO001  NEO2015-FE0001 & E(S /M2 / BA 10.00 300 00.60 ¥

LI |

1%
)
ws)
[K

1% 3241 AEFE i AL B N R

A% DB =&
). o] DB &
DB =229 A Abex #e) wirel A wel st e

(2) A= AR
AFEEA DB 229 §-5 kel A AR 497 v ARl
7 g

she otk YR

HAEAERE AZ2E AR T2 7|& Al5d dg H4 235 gF< vvz, 5494,
HeHs aga 9 713S Ad9sit 19 3242 (b)e AEEA DB ZE13W U A8
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A=A
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2 AFEAG. ¢ ARES ZF AAol7] wid FulEA s ol FHAHs T
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Y 3326, AR Az AHgd FAAZR W

(7) A 72 &3

e W EE fowk BME Arw AZRHJL, Y 33279 I HE B3

A7], HMF-3100S) 2di& wzol Ab&ste] E4stdeh 4ld 27HF Alms 100 L 829
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(9) Batch #2 A%
9 5-89] HAEG T Fo] st FI) AdFHEFEZ (Batch #2) 156 kgS A %3t}
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NEAFE AWste] AAsta wjxstr] flste] 2 kg €39 F7+H(HDPE Large Neck
bottle, DH.B03117, 2000 mL)S Al& &7|2 A&3dd. Alast H=53)
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3 3321 AR ARk

Cs—-137 (count/kg)

No. Sample L.D.
Batch #1 Batch #1
Batch #1
1 14-01-001 1373
2 14-01-003 1524
3 14-01-005 1473
4 14-01-007 1454
5 14-01-009 1395
6 14-01-0011 1473
7 14-01-0013 1331
8 14-01-0015 1348
Batch #2
9 14-01-0017 1503
10 14-01-0019 1350
11 14-01-0021 1507
12 14-01-0023 1508
13 14-01-0025 1460
14 14-01-0027 1504
15 14-01-0029 1518
Mean 1420 1480
Standard deviation 69 60
Relative Standard 0.05 0.04

v "AX 5 anchovy powder) B2
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T4 N AgTdel 725 E &8stz drt
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¥ 3.3.2.2. bottle®] weighing %t

No. Sample 1.D. g No. Sample 1.D. g
1 15-01-001 125.0 51 15-01-051 125.0
2 15-01-002 125.0 52 15-01-052 125.0
3 15-01-003 125.0 53 15-01-053 125.0
4 15-01-004 125.0 54 15-01-054 125.0
5 15-01-005 125.0 55 15-01-055 125.0
6 15-01-006 125.0 56 15-01-056 125.0
7 15-01-007 125.0 57 15-01-057 125.0
8 15-01-008 125.0 58 15-01-058 125.1
9 15-01-009 125.0 59 15-01-059 125.1
10 15-01-010 125.0 60 15-01-060 125.1
11 15-01-011 125.0 61 15-01-061 125.0
12 15-01-012 125.0 62 15-01-062 125.0
13 15-01-013 125.1 63 15-01-063 125.1
14 15-01-014 125.0 64 15-01-064 125.0
15 15-01-015 125.1 65 15-01-065 125.1
16 15-01-016 125.0 66 15-01-066 125.1
17 15-01-017 125.0 67 15-01-067 125.0
18 15-01-018 125.1 68 15-01-068 125.0
19 15-01-019 125.0 69 15-01-069 125.0
20 15-01-020 125.1 70 15-01-070 125.1
21 15-01-021 125.0 71 15-01-071 125.0
22 15-01-022 125.0 72 15-01-072 125.1
23 15-01-023 125.0 73 15-01-073 125.0
24 15-01-024 125.0 74 15-01-074 125.0
25 15-01-025 125.0 75 15-01-075 125.0
26 15-01-026 125.0 76 15-01-076 125.1
27 15-01-027 125.0 77 15-01-077 125.0
28 15-01-028 125.0 78 15-01-078 125.1
29 15-01-029 125.1 79 15-01-079 125.0
30 15-01-030 125.0 80 15-01-080 125.1
31 15-01-031 125.1 31 15-01-081 125.0
32 15-01-032 125.1 32 15-01-082 125.1
33 15-01-033 125.1 33 15-01-083 125.1
34 15-01-034 125.0 84 15-01-084 125.1
35 15-01-035 125.1 85 15-01-085 125.0
36 15-01-036 125.0 36 15-01-086 125.0
37 15-01-037 125.1 87 15-01-087 125.0
38 15-01-038 125.0 38 15-01-088 125.0
39 15-01-039 125.0 39 15-01-089 125.1
40 15-01-040 125.0 90 15-01-090 125.0
41 15-01-041 125.0 91 15-01-091 125.0
42 15-01-042 125.0 92 15-01-092 125.0
43 15-01-043 125.0 93 15-01-093 125.0
44 15-01-044 125.1 94 15-01-094 125.1
45 15-01-045 125.0 95 15-01-095 125.0
46 15-01-046 125.0 96 15-01-096 125.0
47 15-01-047 125.0 97 15-01-097 125.0
48 15-01-048 125.0 98 15-01-098 125.1
49 15-01-049 125.0 99 15-01-099 125.0
50 15-01-050 125.0 100 15-01-100 125.0




=

#3323 A= Ak

No. Sample I.D.  Cs-137(count)  Uncertainty

1 15-01-005 9029 342
2 15-01-006 9152 348
3 15-01-014 8937 338
4 15-01-024 9084 345
5 15-01-035 9114 350
6 15-01-04 9026 340
7 15-01-073 8763 333
8 15-01-077 8934 339
9 15-01-080 9181 348
10 15-01-097 8990 348
Mean 9021
Standard deviation 124
Rty Sanda
Uncertainty

« BAAAA /DA R DA

- AN 2 AAS A f7]E CRM Az HAAAM G EEHEATYE S

R-108-001-2002)
- Tt ASEEEd A Y A Rud(@Faiedetdad A
R-108-001-2002), 127

- 20089 AAEERAS A% BEAR AT L FG Y AT, FREEAGAT
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¥ 3.3.24. bottle®] weighing %t

No. Sample 1D. g No. Sample 1D. g
1 15-02-001 100.0 51 15-02-051 100.1
2 15-02-002 100.2 52 15-02-052 100.1
3 15-02-003 100.1 53 15-02-053 100.1
4 15-02-004 100.2 54 15-02-054 100.1
5 15-02-005 100.1 55 15-02-055 100.0
6 15-02-006 100.1 56 15-02-056 100.0
7 15-02-007 100.0 57 15-02-057 100.1
8 15-02-008 100.2 58 15-02-058 100.0
9 15-02-009 100.1 59 15-02-059 100.0
10 15-02-010 100.1 60 15-02-060 100.0
11 15-02-011 100.1 61 15-02-061 100.0
12 15-02-012 100.2 62 15-02-062 100.1
13 15-02-013 100.1 63 15-02-063 100.1
14 15-02-014 100.1 64 15-02-064 100.0
15 15-02-015 100.2 65 15-02-065 100.0
16 15-02-016 100.1 66 15-02-066 100.0
17 15-02-017 100.2 67 15-02-067 100.0
18 15-02-018 100.0 68 15-02-068 100.1
19 15-02-019 100.2 69 15-02-069 100.1
20 15-02-020 100.0 70 15-02-070 100.0
21 15-02-021 100.0 71 15-02-071 100.1
22 15-02-022 100.1 72 15-02-072 100.0
23 15-02-023 100.1 73 15-02-073 100.0
24 15-02-024 100.1 74 15-02-074 100.1
25 15-02-025 100.0 75 15-02-075 100.1
26 15-02-026 100.0 76 15-02-076 100.0
27 15-02-027 100.0 77 15-02-077 100.0
28 15-02-028 100.0 78 15-02-078 100.0
29 15-02-029 100.0 79 15-02-079 100.1
30 15-02-030 100.0 80 15-02-080 100.1
31 15-02-031 100.0 81 15-02-081 100.0
32 15-02-032 100.0 82 15-02-082 100.1
33 15-02-033 100.0 83 15-02-083 100.1
34 15-02-034 100.0 84 15-02-084 100.0
35 15-02-035 100.2 85 15-02-085 100.1
36 15-02-036 100.3 86 15-02-086 100.1
37 15-02-037 100.1 87 15-02-087 100.1
38 15-02-038 100.0 88 15-02-088 100.0
39 15-02-039 100.1 89 15-02-089 100.1
40 15-02-040 100.1 90 15-02-090 100.0
41 15-02-041 100.0 91 15-02-091 100.1
42 15-02-042 100.1 92 15-02-092 100.0
43 15-02-043 100.0 93 15-02-093 100.0
44 15-02-044 100.0 94 15-02-094 100.0
45 15-02-045 100.1 95 15-02-095 100.0
46 15-02-046 100.1 96 15-02-096 100.1
47 15-02-047 100.0 97 15-02-097 100.0
48 15-02-048 100.0 98 15-02-098 100.0
49 15-02-049 100.0 99 15-02-099 100.0
50 15-02-050 100.1 100 15-02-100 100.0
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No. Sample I.D.  Cs-137(count)  Uncertainty

1 15-02-072 2630 66
2 15-02-061 2686 68
3 15-02-016 2759 65
4 15-02-021 2733 65
5 15-02-007 2808 68
6 15-02-038 2692 66
7 15-02-044 2750 67
8 15-02-053 2743 64
9 15-02-089 2639 69
10 15-02-096 2700 64

Mean 2714
Standard deviation 55
Rl St

Uncertainty
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MitE FHFAAETFEZDS o] &35l B AA ] ot e AFVHAES o E H
AL AHS T3 o] SUE AP AA AlsE /dd ASEAY 2 olsd As =
4 Aol gk A, & 2 FEAS HUtsted ol &stth. ool Aled A
TxFHgATYe] A v|FgHe]  Ao](Relative Bias), gk (Trueness), AHAE%E

s FTPHo A sle] W (In agreement), T2 (Questionable), &R

(Precision)& F@& oz Ak
DZ|

(Discrepant) s 2. &
7}, z}o] (Bias Relative, %)

Valueg,, — Valuey,,

Z}o] (Bias Relative, %) = > 100

Valuep, s

ValueRCf =7 ]%%}t
Valuer., = Z7F7]1 3¢ A=

271713 2] 2ol 7F MAB (Maximum Acceptable Bias) ] 7] A+ wheF 15% o]wjol™ vt
= (Pass), 15% oldd 45 E¥(Fail) o= H7hsr),

. ZHzk (Trueness, based on U-test)
H7te] o]&%¥  Trueness AAMA LS t}&-3 7t}

Valuep,, — Valuep,,

\/ Unciah + Unc%e r

2.58 (99% probability) >

Unc’a @ 271713 de] B3te

UHCZRef: 71k B =

| Value,, — Valueg, |74 258X ) Unchy,+ Uncly, ek #& 4§ w5 (Pass)e

5 7h )

o}, AU %= Precision (%)

Uncry Uncpg

Precision (%) = 4/ ( )2 %100

Valuey,, Valuep, y
Unc’ia #7713 Ao B85

9 . y
Unche - Zl8ke B85
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Valuers, @ F7F71 39 A3

Z7F713ke] Apol7b wheF LAP (Limit of precision) 7|4+ 15 % Rttt 2h& A5 W=
(Pass) 0.2 W7h3ich ol 7] 3 AL o, Axs F3 Frlets 71FS g3} o] dhol

= H
3% 37t

Bias Relative | Trueness Precision Final Evaluation
Pass Pass Pass In agreement
Fail Pass Pass Discrepant
Pass Fail Pass Questionable
Pass Pass Fail Questionable
Fail Fail Pass Discrepant
Fail Pass Fail Discrepant
Fail Fail Fail Discrepant
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Rice Low

Added value (Bg/kg) +/- EZ (Bg/kg) +/- 185 (Bg/ka) +/- 28 & (Bg/ka) +/- 3= S (Baskag) +/- 4EE (Bg/kg) +/-
Am-241 10.1 1M 8.5 1.0 6.2 5 11 1.3 5.8 0.8 109 24
Cs-137 101 1.01 8.4 0.6 15 0.8 . 0.3 6.8 0.6 9.5 0.7
K-40 212 23 19 52 H7 g 33.28 3.96
Rice High
Added value (Bg/kg) +/- EZ (Ba/kg) +/- 18 & (Bg/ka) +/- 285 (Bg/kg) +/- 385 (Bg/ka) +/- 48 & (Bg/kg +/-
Am-241 732 71.32 ¥l 9.2 54.5 16 6. 3.6 51.0 4.4 74.0 16
Cs-137 84.3 843 69.7 3.2 56.9 26 712, 1.8 57.9 3.2 734 41
K-40 212 3.2 26,6 6 Hjps 35.0 41
Fish Low
Added value (Bg/kg) +/- EZ (Ba/kg) +/- 1¥ 5 (Bg/ka) +/- 285 (Bg/kg) +/- 38 & (Ba/ka) +/- 4 & (Bg/kg +/-
Am-241 16.5 1.65 15.7 14 132 6.0 164 2.0 103 12 159 26
Cs-137 139 139 10.5 0.6 10.7 1 10.9 0.3 77 0.6 104 0.8
K-40 26.9 7.5 102 12 B ghs 103.0 9.4
Fish High
Added value (Bg/kg) +/- 2 (Bg/kg) 2 1¥ & (Bg/kg) +/- 28 = (Bg/kg) +/- 3= & (Bg/tkg) +/- 4= & (Bg/kg) g
Am-241 57 5.7 56.2 44 54.6 9.2 43.2 3.3 35.2 3 58.3 6.4
Cs-137 713 713 56.1 28 57.0 28 55.9 14 414 24 610 3.5
K-40 841 8.3 114 13 High= 894 6.3
Beef Low
Added value (Bg/kg) +/ EZ (Bg/kg) +/- 13 & (Bg/ka) +/- 28 & (Bg/ka) +/- 38 & (Ba/ka) +/- 4E & (Ba/kag) +/-
Am-241 205 205 20.3 16 13.9 46 20. 2.2 141 14 194 41
Cs-137 15.5 1.55 12.0 0.6 116 1 14, 0.4 10.2 0.8 134 0.9
K-40 82.7 712 912 11 H7ogs a7.9 8.9
Beef High
Added value (Bg/kg) Tl ZZ (Ba/kg) $f- 185 (Bg/ka) +/- 285 (Bgkg) +/- 3 E (Bg/ka) +/- 42 & (Bg/kg) =B
Am-241 60.2 6.02 59.5 48 58.7 8.6 61.1 5.1 44.5 38 60.0 6.5
Cs-137 710 T 54.7 28 544 2.6 68.8 1.8 485 26 619 35
K-40 78.1 8 24.6 104 H7 g2 979 8.8
a7 3331 1AEE 7lEEdE ol&d HAls sHRE AlgA
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KAERI
CL-=PNES
ARl

KAERI
E-PVES
LR

matrix

[T TR T

MAB (Maximur Acceptable Bias %)

%)

KAERI
ET-JAPS
PRI

KAERI
H@ Al
as|Rg

matrix

T T

MAB (Maximum Acceptable Bias %)
%)

matrix
KAERI
2 Al
AE[RH2
KAERI
EIES
e

MAB (Maximum Acceptable Bias %)

TRV T T

%)

matrix
KAERI
L2 A2
AH|RFRI
KAERI
L@ Al
AR

MAB (Maximum Acceptable Bias %)

T T

%)

level

high
high
high
low
low
low
30
30

level

high
high
high
low
low
low
30
30

level

high
high
high
low
low
low
30
30

level

high
high
high
low
low
low
30
30

Cs-137 reported value

Total massic unc (k=1)

act (Bg/kg)
86.2
88.7
67.8
278
278
196

Cs-134 reported value

Total massic unc (k=1)

act (Bg/ka)
816
744
60.2
259
239
171

Am-241 reported value Am-241 KRISS value

Total massic unc (k=1)

act (Bg/ka)
1358
1306
1013
343
371
340

(Bg/kg)
23

(Bg/kg)
18
12
15
11
04
04

(Bg/ka)
87

K-40 reported value

Total massic unc (k=1)

act (Bg/kg)
63.6
65.3
534
60.9
60.5
460

(Ba/ka)
63
37
26
6.8
25
19

a9 3.33.2.

Cs-137 KRISS value

Total
massic
act
(Bgrka)
86.7
86.7
86.7
25.2
25.2
25.2

10% unc
k=1)
(Bg/kg)
a7
87
87
25
25
25

Cs-134 KRISS value

Total
massic
act
(Ba/kg)
70.6
70.6
706
204
204
204

Total
massic
act
(Baskg)
137.0
137.0
1370
353
353
353

10% unc
(k=1)
(Bg/kg)
71
71
71
20
20
20

10% unc
k=1)
(Barkg)
137
137
137
35
35
35

K-40 KRISS value

Total
massic
act
(Ba/ka)
67
67
67
62
62
62

10% unc
=1}
(Bg/kg)
7

[ N N

Bias relative (%)

-0.6

-218
104
103
-221

Bias relative (%)

156
54
-14.7
2712
172
-16.3

Bias relative (%)

-0.9

-26.0
-3.0
51
-3.6

Bias relative (%)

-4.3
-19
-18.7
-16
-2.2
-25.7

Bias uncertainty Evaluation
(96) Accuracy

103 Pass

10.7 Pass

81 Pass

1z Pass

115 Pass

8.0 Pass
Bias uncertainty Evaluation
(96) Accuracy

118 Pass

107 Pass

8.8 Pass

137 Pass

119 Pass

8.6 Pass
Bias uncertainty Evaluation
(96) Accuracy

11.8 Pass

10.5 Pass

8.2 Pass

130 Pass

118 Pass

10.8 Pass
Bias uncertainty Evaluation
(%) Accuracy

140 Pass

1.3 Pass

9.0 Pass

14.7 Pass

106 Pass

81 Pass
VEEde o] &3

279

Trueness limit

Precision Evaluation Precision

104
104
103
10.8
104
10.3

Pass
Pass
Pass
Pass
Pass
Pass

(%)

26.5
274
208
311

20.7

Trueness fimit

Precision Evaluation Precision

10.2
101
103
108
101
103

Pass
Pass
Pass
Pass
Pass
Pass

(%)

30.5
275
226
354
306
222

Trueness limit

Precision  Evaluation Precision

119
110
1L:
134
113
113

Pass
Pass
Pass
Pass
Pass
Pass

(%)

303
270
211
334
305
280

Trueness limit

Precision Evaluation Precision

146
115
111
149
108
109

W SEE A

Pass
Pass
Pass
Pass
Pass
Pass

5]
A=)

(%)

36.0
291
231
379
212
208

A1)

Update

269

Update

26,6
261
26.3
290
262
26.3

Update

305
281
273
339
293
288

Update

368
29.5
277
38.2
277
210

Evaluation
Precision

Pass
Pass
Fail
Pass
Pass
Fail

Evaluation
Precision

Pass
Pass
Pass
Pass
Pass
Pass.

Evaluation
Precision

Pass.
Pass
Fail
Pass
Pass
Pass

Evaluation
Precision

Pass
Pass
Pass
Pass.
Pass
Fail

Final evaluation

Accepted
Accepted
Warning
Accepted
Accepted
Warning

Final evaluation

Accepted
Accepted
Accepted
Accepted
Accepted
Accepted

Final evaluation

Accepted
Accepted
Warning
Accepted
Accepted
Accepted

Final evaluation

Accepted
Accepted
Accepted
Accepted
Accepted
Warning



matrix
KAERI 25
A= =7
2R iy
KAERI =7
CEPIES g8
L8R £8

MAB {Maximum Acceptable Bias %)
LAP {Limit of Acceptable Precision %}

matrix
KAERI X3
LAl =7
2H[T 22
KAERI £5
HeA|= =5
e ==

MAB {Maximum Acceptable Bias %)
LAP ({Limit of Acceptable Precision %)

matrix
KAERI 25
EE=SYES e
2 H[ A =7
KAERI e
H2A| 2 =7
AH[FHR £

MAB (Maximum Acceptable Bias %)
LAP {Limit of Acceptable Precision %}

maftrix
KAERI 25
H2 Al =7
£H[AH 28
KAERI =7
LIPS 2%
=L 28

MAB (Maximum Acceptable Bias %)
LAP [Limit of Acceptable Precision %)

level

high
high
high
low
low
low
30
30

level

high
high
high
low
low
low
30
30

level

high
high
high
low
low
low
30
30

level

high
high
high
low
low
low
30
30

Cs-137 reported value

Total
massic act unc (k=1)

(Baskg)  (Bg/kg)
152 4
152 4
133 3
41 1.2
39 1.2
39 10

Cs-134 reported value
Total

massic act unc (k=1)
(Bg/kg)

144
130
116

Am-241 reported value

Total
massic act  unc (k=1)

(Baskg)  (Bg/kg)
256 16
238 13§
230 11
70 3
58 3
60 3

K-40 reported value

Total
massic act unc (k=1)

(Bg/kg)  (Bg/kg)
210 17
223 10
195 8
217 13§
226 8
212 8

(Bg/kg)

3

= Wb

5137 KRISS value

Total

massic act
{Ba/kyg)

169
169
160
484
484
434

10% unc
(k=1)
(Bg/kg)
17
17
17

5
5
5

Cs-134 KRISS value

Total

rnassic act
(Ba/kg)

133
133
133
379
379
379

10% unc
k=1)
(Bg/kg)
13
13
13
4
4
4

Am-241 KRISS value

Total

massic act
{Ba/kyg)

263
263
263
708
708
708

10% unc
k=1)
(Bg/kg)
26
26
26
7
7
7

K-40 KRISS value

Total

massic act
(Bg/kg)

2340
2340
2340
246.0
246.0
246.0

10% unc
(k=1
(Bq/kg)

23

Bias
relative (%)

-10.2
-9.8
-213
-161
-185
-201

Bias
relative (%)

82
-21
-131
-14
-118
-148

Bias
relative (%)

-28

-96
-127

-14
13T
-15.6

Bias
relative (%)

-10.2
-46
-16.7
-118
-81
37

1% 3333 2adE VEEdE s

Bias
uncertainty
(%)

9.3
94
a1
8.8
84
8.2

Bias
uncertainty
(%)

111
99
S0

10.2
8.9
8.8

Bias
uncertainty
(%)

11.5
9.9
9.7
118
91
9.6

Bias
uncertainty

116

104
9.0

100
97
9.2

Evaluation
Accuracy

Pass
Pass
Pass
Pass
Pass
Pass

Evaluation
Accuracy

Pasz
Pass
Pass
Pass
Pass
Pass

Evaluation
Accuracy

Pass
Pass
Pass
Pass
Pass
Pass

Evaluation
Accuracy

Pass
Pass
Pass
Pass
Pass
Pass

Precision

104
104
10.3
104
104
103

Precision

102
101
103
103
101
103

Precision

118
110
11
120
111
113

Precision

129
109
10.9
113
10.5
107

Evaluation Trueness

Precision

Pass
Pass
Pass
Pass
Pass
Pass

Evaluation Trueness

Precision

Pasz
Pass
Pass
Pass
Pass
Pass

Evaluation  Trueness

Precision

Pass
Pass
Pass
Pass
Pass
Pass

Evaluation Trueness

Precision

Pass
Pass
Pass
Pass
Pass
Pass

limit (%)

240
242
20.8
225
217
212

fimit (%)

285
255
231
26.2
230
226

limit (%)

206
258
249
304
235
247

fimit (%)

29.8
26.8
233
257
25.0
238

Al A H2)

Update

26.5
26.6
262
26.6
26.5
26.3

Update

265
261
263
26.6
26.0
263

Update

30.2
279
279
307
277
283

Update

319
279
273
284
27.0
271

Evaluation
Precision

Pass
Pass
Fail

Pass
Pass
Pass

Evaluation
Precision

Pass
Pass
Pass
Pass
Pass
Pass

Evaluation
Precision

Pass
Pass
Pass
Pass
Pass
Pass

Evaluation
Precision

Pass
Pass
Pass
Pass
Pass
Pass

Final evaluation

Accepted
Accepted
Warning
Accepted
Accepted
Accepted

Final evaluation

Accepted
Accepted
Accepted
Accepted
Accepted
Accepted

Final evaluation

Accepted
Accepted
Accepted
Accepted
Accepted
Accepted

Final evaluation

Accepted
Accepted
Accepted
Accepted
Accepted
Accepted



matrix
KAERI LUIE
FE-FYEN stz
LU 2ie
KAERI LR
FE-SYEN wrtz
A H|RHE ERS

MAB (Maximum Acceptable Bias %)
LAP {Limit of Acceptable Precision %}

matrix
KAERI Elbyi=]
2 Al ERS
8|72 2tz
KAERI AUsE
Hl2 Al 2E
28| T stz

MAB {Maximum Acceptable Bias %)
LAP {Limit of Acceptable Precision %}

matrix
KAERI stE
FE-FYEN stz
“-H[ R LIE
KAERI LR
FE-SYEN wrtz
“H|AHE 2IE

MAB (Maximum Acceptable Bias %)
LAP {Limit of Acceptable Precision %}

matrix
KAERI =
EE-FYEN 2tz
8|72 2tz
KAERL =TT
FE-SYEN wrtz
28| T stz

MAB {Maximurm Acceptable Bias %)
LAP {Limit of Acceptable Precision %}

level

high
high
high
low
low
low
30
30

level

high
high
high
low
low
low
30
30

level

high
high
high
low
low
lowe
30
30

level

high
high
high
low
low
low
30
30

Cs-137 reported value  Cs-137 KRISS value F
Total Total 10% unc Bias Evaluation Evaluation Trueness

massic act unc (k=1) massic act (k=1) relative (%) unce(l;c;unty Accuracy precsion Precision  limit (%)
(Bg/kg)  (Bg/kog)  (Bgskg)  (Bg/ka)
140 4 138 14 17 105 Pass 103 Pass 271
141 4 138 14 23 106 Pass 104 Pass 274
117 3 138 14 -15.0 88 Pass 10.3 Pass 2256
36 2 41 4 -114 9.8 Pass 111 Pass 252
35 1 41 4 -135 9.0 Pass 104 Pass 233
33 1 41 4 -18.3 84 Pass 10.3 Pass 217
Cs-134 reported value  Cs-134 KRISS value ;
Bias

Total Total 10% unc Bias Evaluation Evaluation Trueness

massic act unc (k=1) massic act (k=1) relative (%) unc?;:?mty Accuracy precision Precision  limit (%)
(Bg/kg)  (Bg/kg)  (Bgskg)  (Bg/ka)

134 3 112 11 192 122 Pass 102 Pass 314
121 2 112 11 76 10.9 Pass 101 Pass 281
103 3 i 24 11 -7.8 935 Pass 10.3 Pass 245
36 2 32 3 103 120 Pass 109 Pass 309
30 1 32 3 =70 9.4 Pass 101 Pass 243
28 1 32 3 -14.6 8.9 Pass 104 Pass 229

Am-241 reported value Am-241 KRISS value F

Total Total 10% unc Bias ;i Evaluation 5 Evaluation Trueness
uncertainty precision

massic act unc (k=1) massic act (k=1) relative (%) ) Accuracy Precision  limit (%)
(Bg/kg)  (Bg/kog)  (Bgskg)  (Bg/ka)
238 15 134 18 291 153 Pass 118 Pass 393
228 10 134 18 239 136 Pass 110 Pass 25:1
178 g9 184 18 -33 10.8 Fass 111 Fass 277
57 5 60 6 -5.0 1245 Pass 131 Pass 322
35 2 60 ] -3 101 Pass T Pass 259
54 3 G0 5] -9.8 100 Pass 111 Pass 259
K-40 reported value K-40 KRISS value Bias
Total Total 10% unc Bias 2 Evaluation it Evaluation Trueness
massic act  unc {k=1) massic act (k=1) relative (35) unce(.‘;‘gllnty Accuracy precision Precision  limit (2&)
(Bg/kg)  (Bg/kg)  (Bg/kg)  (Bg/ka)
420 75 57 6 -26:6 150 Pass 204 Pass 385
514 38 57 6 -10:2 111 Pass 124 Pass 287
512 29 57 6 -104 103 Pass 115 Pass 264
435 78 56 6 -22.8 158 Pass 20.5 Pass 40.7
450 24 56 6 -20.3 a0 Pass 113 Pass 232
457 21 56 6 -18.9 89 Pass 110 Pass 230

a9 3334 2xpd e 7]+

i
i
o

o] &% WAs = AIFAHEO)

281

Update

267
269
263
279
26.6
263

Update

26.6
261
264
284
261
266

Update

332
296
285
332
281
282

Update

423
309
288
439
280
275

Evaluation
Precision

Pass
Pass
Pass
Pass
Pass
Pass

Evaluation
Precision

Pass
Pass
Pass
Pass
Pass
Pass

Evaluation
Precision

Pass
Pass
Fass
Pass
Pass
Pass

Evaluation
Precision

Pass
Pass
Pass
Pass
Pass
Pass

Final evaluation

Accepted
Accepted
Accepted
Accepted
Accepted
Accepted

Final evaluation

Accepted
Accepted
Accepted
Accepted
Accepted
Accepted

Final evaluation

Accepted
Accepted
Accepted
Accepted
Accepted
Accepted

Final evaluation

Accepted
Accepted
Accepted
Accepted
Accepted
Accepted
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Cs-137 reported Cs-137 KRISS
unc Total : " : . " - .
To'fal (k=1) massic unc Fas ;g;;atwe Bias ur};:)rt alnty Ef:cu::;:: E:E:‘I:ia;lg: Trueness limit (36) E:‘:::?;Ig: Final evaluation
massic act (Bg/k act (k=1)
matrix (Bq/kg) g) (Bg/kg) (Bq/kg)

KAERI =5 142 2 1421 1.0 -0.1 1.6 Pass Pass 0.1 5.8 Pass In agreement
Hl2A~ == 122 6 1421 1.0 -14.5 a5 Pass Pass 20.6 16.7 Fail Questionable
A-H| X ol =5 143 3 1421 1.0 0.8 2.2 Pass Pass 1.2 8.2 Pass In agreement

HrgE o =5 128 4 142.1 1.0 -9.9 2.7 Pass Pass 141 10.1 Fail Questionable

KAERI iES 49 1 50.5 0.4 -2.5 1.6 Pass Pass 1.3 2.0 Pass In agreement
HeAl~ e 44 3 50.5 0.4 -13.4 5.6 Pass Pass 6.8 7.3 Pass In agreement
AH| XA =5 48 1 50.5 0.4 5.7 2.3 Pass Pass 29 3.0 Pass In agreement

Higod o =& 456 1 50.5 0.4 -0.7 28 Pass Pass 49 a7 Fail Questionable

MAB (Maximum
LAP (Limit of
Cs-134 reported Cs-134 KRISS
unc Total . . . . . . .
To'fal (k=1) massic unc Bz ;;I;xtwe Bias ur};:)rt alnty Ef:cu::;:: E:E:L:?;Ig: Trueness limit (36) E:?L:?:;:: Final evaluation
massic act (Bg/k act (k=1)
matrix (Bq/kg) g) (Bgs/kg) (Bq/kg)

KAERI sl=5 107 2 1111 0.7 -3.4 is8 Pass Pass 3.8 53 Pass In agreement
Hl2A~ [ E3=E 86 8 FEEL 0.7 222 7.3 Fail Pass 247 21.0 Fail Discrepant
SH| X i =5 106 2 1111 0.7 -4.4 2.0 Pass Pass 4.9 5.7 Pass In agreement

Higod L = 0.0 0.0 Pass In agreement

KAERI b 36 1 37.8 0.2 -4.4 1.7 Pass Pass 1.7 1.7 Pass In agreement
H2A SES 27 3 37.8 0.2 -28.5 8.2 Fail Pass 10.8 8.0 Fail Discrepant
AH|EHH =5 37 1 378 0.2 -3.1 22 Pass Pass 1.2 21 Pass In agreement

YA E=F

MAB (Maximum
LAP (Limit of
Am-241 reported Am-241 KRISS
unc Total . . . . . . .
To'fal (k=1) massic Unc Btz ;:él.;atwe Bias ur};:)rt ainty Ef:{“::;g: E::L:?:ilg: Trueness limit (%) E::L:?:;:: Final evaluation
massic act (Bg/k act (k=1)
matrix (Bq/kg) g) (Bg/kg) (Bq/kg)

KAERI sl=5 162.0 2.2 167.2 0.9 -3.1 14 Pass Pass 5.2 6.1 Pass In agreement
Y2 A~ ol =5 181.6 7.0 167.2 0.9 8.6 4.2 Pass Pass 14.4 18.2 Pass In agraemeni
“-H| 7 =5 156.4 6.4 167.2 0.9 -6.5 3.9 Pass Pass 10.8 16.7 Pass In agreement

Higod L = 169.0 6.8 167.2 0.9 1.1 4.1 Pass Pass 1.8 17.7 Pass In agreement

KAERI ) 55.8 0.7 57.0 0.3 -2.1 1.4 Pass Pass 1.2 2.0 Pass In agreement
HeAl~ HES 60.3 5.1 57.0 0.3 5.8 9.0 Pass Pass 3.3 13.2 Pass In agreement

| AH|EH == 56.5 2.4 57.0 0.3 -0.9 42 Pass Pass 0.5 6.2 Pass In agreement
| Higod o =& 54.8 2.3 57.0 0.3 -3.8 41 Pass Pass 22 6.0 Pass In agreement
MAB {(Maximum
LAP {Limit of
a9 3335 FAEGEIER) VEE o] =9 A2 3
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A B L C E F 5 I J K i o P
Cs-137 reported Cs-137 KRISS
1 walue walue
Total Total . . . Ewaluation . Ewaluation - Evaluation Final
— massic unc massic Unc relathus D | Bl el ety 101 Accuracy Precysan Precision TremEs= Mt %) Precision ‘ewvaluation
act (k=1) act (k=13
2 matrix (Bg/kg) (Bgskg) (Bgrskg) (Baskg)
2 KLAERI Aot high 141 2 143 1 1.7 Pass 1.7 Pass Pass In agreement
4 2 A2 A= high 147 & 143 1 5.4 Pass 5.2 Pass Pass In agreement
= “A-H[ XIS A= high 143 3 143 1 2.3 Pass 2.3 Pass Pass In agreement
=t B0 H=r high 146 4 143 1 3.1 Pass 3.0 Pass Pass In agreement
7 KAERI Aok Tow 46 0.7 49.6 0.4 1.5 Pass 1.6 Pass Fail Questionable
2 2 A2 A= fow 432 2.3 49.6 0.4 5.7 Fail &6.7 Pass Fail Discrepant
g A-H XL Aok fowr 48 ii 49.6 0.4 23 Pass 24 Pass Pass In agreement
jiie ] Hi 104 A= fowr 45 1.5 49.6 0.4 31 Pass 3.2 Pass Pass In agreement
11  MAB (Maximum 15
1z LAP (Limit of Acceptable 15
Cs-134 reported Cs-134 KRISS
13 walue walue 2 2 : =
Total Total Bias relative (35} Bias uncertainty (35) E\:;:Iuatlon Precision E;alufit.lon Trueness Hmit (36) E:alu.altron au;:nal.
i e e s Unc CUracy recision recision uation
act (k=1) act (k=1)
13 matrix (Bgskg) (Bogrkg) (Bglikag) (Bgrkg)
ig KAERI Hz=r high 106 2 112 2 1.8 Pass 1.9 Pass Fail Questionable
1e 2 A2 Hz=r high 74 10 112 7 ) 87 Fail 13.2 Pass Fail Discrepant
17 A H[XIE Hz=r high 113 2 112 1 2.1 Pass 21 Pass Pass In agreement
Hb o Hz=r high Pass In agreement
KAERI HTH lowr 33 1 371 0.2 1.7 Pass 1.3 Pass Fail Questionable
L2 A) Mo lowwr 29 3 37.1 0.2 8.9 Fail 11.6 Pass Pass Discrepant
23 A-H| XLl Mo lowr 36 1 37.1 0.2 27 Pass 23 Pass Pass In agreement
22 o AT low
23 | MAE (Maximum 15
74 LAP (Limit of Acceptable 15
Am-241 reported Am-241 KRISS
25 walue walue
. . . 5 Ewvaluation o Ewvaluation - Evaluation Final
Totall Tot,a.F Bias relative (%5) Bias uncertainty (%) Atciteacy Precision Pacaaam Trueness limit (%5) Prodicion S
beved massic unc massic Unc
act (k=1) act (k=1)
25 matrix (Bg/kg) (Bgskg) (Bgrskg) (Baskg)
27 KAERI A=k high 178 2 169 1 1.5 Pass 1.5 Pass Fail Questionable
ped = 2 A2 H=r high 234 o 169 1 5.4 Fail 3.9 Pass Fail Discrepant
23 “-H} X2 H=r high 163 7 169 1 4.0 Pass 4.0 Pass Pass In agreement
30 Hf e 0g = high 206 ] 169 1 5.0 Fail 4.1 Pass Fail Discrepant
21 KAERI A= lowwr 57 3 56.0 0.3 1.4 Pass 1.4 Pass Pass In agreement
22 2 Af2 Az fowr 53 3 56.0 0.3 5.6 Pass 5.9 Pass Pass In agreement
23 A-H| XIS Az fowr 62 2 56.0 0.3 4.3 Pass 3.9 Pass Pass In agreement
= B o AT fowr B4 3 56.0 0.3 4.9 Pass 4.3 Pass Fail Questionable
=5  MAB (Maximum 15 :
26 |LAP (Limit of Acceptable 15
T
- - “ <
a% 3336, FAHE®) VEEdE o83 YA e AFEZ
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Cs-137 reported Cs-137 KRISS
walue walue
P < 4 R Evaluation 25 Evaluation : 2 Evaluation Final
Totall Totall Bias relative (35) Bias uncertainty (36) Accuracy precision Precision Trueness limit (3%) Predision e~ i
massic unc massic Unc
act (k=1) act (k=1)
miatrix (Boskg) (Baska) (Bgskg) (Bgskg)
KAERI 2o 144 2 145 1 -0.8 Pass 1.7 Pass 1.2 6.2 Pass In agreement
2 A2 f= 141 7 145 1 -3.1 Pass 5.2 Pass 4.5 19.0 Pass In agreement
-H| TR S 150 3 145 1 3.4 Pass 2.3 Pass 4.9 8.9 Pass In agreement
Lo a | 2 150 4 145 1 3.7 Pass 3.0 Pass 5.3 11.6 Pass In agreement
KAERI e ] 46 1 49 0.4 -6.0 Pass 1.6 Pass 3.0 2.0 Fail Questionable
2 Af ot 43 3 49 0.4 -11.7 Pass 6.5 Pass 5.8 7.3 Pass In agreement
SH| TR Sl 45 1 49 0.4 ~1.5 Pass 2.6 Pass 0.8 3.2 Pass In agreement
B it x) 2= 49 2 45 0.4 -0.9 Pass 3.4 Pass 0.5 4.2 Pass In agreement
MAEB (Maximum
LAP (Limit of Acceptable
Cs-134 reported Cs-134 KRISS
walue walue
Total Total L . A i Ewvaluation ol Ewvaluation s Evaluation Final
i i i — Bias relative (35) Bias uncertainty (36) Accuracy precision Precision Trueness limit (3%) Precision et
act (k=1) act (k=1)
miatrix (Boska) (Bgskgd (Boskg) (Bgrko)
KAERI 2 108 2 113 1 -4.8 Pass 1.9 Pass 5.4 5.3 Fail Questionable
Hi2 A [ERrs 70 9 113 1 -38.4 Fail 13.2 Pass 43.6 23.8 Fail Discrepant
- H| THEI e 119 2 113 1 4.5 Pass 2.0 Pass 5.1 6.2 Pass In agreement
LR 2= 0.0 oo Pass In agreement
KAERI EIENES 34 1 36.7 0.2 -87 Pass 1.8 Pass 3.2 1.6 Fail Questionable
Hj 2 A2 2= 33 4 36.7 0.2 -10.6 Pass 106.7 Pass 3.9 2.0 Pass In agreement
“A-HEHE B 36 1 36,7 0.2 -2.5 Pass 23 Pass 0.9 21 Pass In agreement
e iees
MAB (Mazdimum
LAP (Limit of Acceptable
Am-241 reported Am-241 KRISS
walue walue
Total Total Bias relative (%6) Bias uncertainty (36) Extallic o precision E\J’E"UIEFIDH Trueness limit (3%) E\.ralu.at.ton F:nal-
massic unc massic Unc Accuracy Precision Precision evaluation
act (k=1) act (k=1)
matrix (Bgskg) (Bgskg) (Baskg) (Bgrkg)
KAERI [N 158 2 171 1 7.4 Pass 1.5 Pass 12.6 6.1 Fail Questionable
2 Ap2 2 185 7 171 1 8.4 Pass 3.9 Pass 14.4 18.7 Pass In agreement
H| TR i 166 7 171 1 -2.7 Pass 4.2 Pass 4.6 18.2 Pass In agreement
B B 2o 171 7 171 1 0.2 Pass 4.1 Pass 0.4 18.0 Pass In agreement
KAERI 2o 48 i 55.4 0.3 -13.3 Pass 1.4 Pass 7.4 1.7 Fail Questionable
A~ 2o 59 3 55.4 0.3 5.8 Pass 5.3 Pass 3.2 &0 Pass In agreement
A M2 o 47 36 55.4 0.3 -14.8 64.6 Pass 75.8 Fail a.2 92.4 Pass Questionable
By S 51 2 55.4 0.3 -7.4 Pass 4.3 Pass 4.1 5.7 Pass In agreement
MAE (Maximum
LAP (Limit of Acceptable
- -
a9 3337 sAE(EEr) Ve Es WAbs sd e Al A
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O AA AIZFTFE 220009 (201219 7]<5, 252449 9)
O 2012 M AAZFRE 2,200 5k$ol | kAl FE8 A H e 2015 2] A A AFEE 2,600 7
$ 2 AFst= Al gk gigo] 223
MAl ZAREH| A|ZRE 2 dE 42
3,500

3,300 + .
31100 ! //

2,900 -
£ 2,700 /
= 2,500
E 2,300 - /
2,100
1,900 -
1,700
1,500

2011 2012 2013 2014 2015 2016 2017 2018

© NanoMarkets, LC

1) http://www.homelandsecuritynewswire.com/radiation-detection-market—see-accelerated-growth
2) Radiation Detection Materials Markets 2011, NanoMarkets, LC

U 7YY ER(E8)7Is9 Ads A8 R JIdES
D Aks} - AlEsk A (Ao 54, i S)
O /Itd oled WAts AFed ASHAAEH = 9] AFe AT Hlal £48 Fto] A
WHo we 58S AW, ES WARes ARERE AU AN PAH w4
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O AFe AHgUdozes AFEAS g3k 7 dd 4835 A4 2 8947 &
O A oY WAS AELY ASPAFU T WS AT 4F AF H5L 1
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2) Adsts S 7y
(] wwhe))
3 = S 7IE 14de | 2adE | 3RdE | 4RdE | 5RdE | A
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ARA shiiEs 4200 | 4200 | 4200 | 4200 | 4200 | 21,000
P 5 500 500 500 500 500 | 2500
a7 8000 | 8000 | 8000 | 8000 | 8005 | 40,000
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8 I = = M H
IR AE = 7oA HEE sl B A A7} 15.11.24
0, =W 35 1/6
== 7
KAERI Ad 2 AAE

AT Ak B4 PUS BERGORM Auy U AR 2o HES &
Lol B0l gov], 4F F grbgEaE B4 488 F At

2.1 IEC-61563, “Radiation protection instrumentation-Equipment for measuring
specific activity of gamma—emitting radionuclides in foodstuffs, 2001

2.2 FDA, WEAC TD Rn-1, “Determiation of Gamma-ray emitting radionuclides in
foods”, 2000.

3. 2299 (APPLICATION) ¥ 92 (PRINCIPLE)

AR AEY AebtEdE A &8k, 50 keV T 3000 KeVel oA
Helel AnbE Ao 44, A% 24S sted 82 4 k. dAHYS AEE
I Fals AZvkr A&7 deAgRAVIE AFRet] £, WA 9 AE
S HsiA Ay Aol dasta WAbs e alv] HElA as&S A oF

A8 2t A7 (A 1.5 Alme AAE)
212 71 (AMETEK ORTEC : 7 EG&G)
2ul5 A% 7|(HPGe detector)

Preamplifier),

I
N

=
- B-33-5327](Spectroscopy amplifier),
352 7] (Multichannel analyzer),
A8 AZE o7 yHE FH3FH(Computer)

- GammaVision or Genie 2000 HA]Z & 120
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KAERI Mg L AAe
5. A 2F(REAGENTS)
5.1 =AML
CZEAARS FY, 2 L ATy 2 2AHA RS oux d9S 72t 53 aF
S x3sit}. NIST, Eckert&Ziegler, Amersham, = Z =381 So|x HA
€ BTPAHAYS FHE g o vtEA] A M (certificate)E &3l BAS ®
THARA Y Y] Sl Ay A, WA gk, AREA 52 7S
)
WAL Sl ) R |
e (Type) 1000 mL Marinelli Beaker Type
A #H 5 (Serial No.) 0O5MIX108
7)== (Reference Date) 00h, May, 01, 2005
E <& (Impurity) -
=¥ (Measurement Method) -
Radionuclide Energy(keV) Radionuclide Energy(keV)
24 Am 59.54 855 513.99
199¢Cqd 88.04 137Cs 661.62
°Co 122.07 88y 898.02
39Ce 165.85 %9Co 1173.23
203Hg 279.17 0Co 1332.51
138n 397.71 8y 1836.01
(RAE FFALAde 2 2385 35>
5.2 2 & ¥y 5dds|= (XYY 3tel= 30% o4 &)



g dat: 15.11.24

- 3/6

e

¥

2 AAE

N

| X )

XD

I

KAERI

6. A 24X 28] (SAMPLE PREPARATION)

2(_—]

6.1 =

AlE A

~
e

Jjo
—_

o

M
b

6.2 4839

3
h 84

b 7T

6.3 28

1.6.3.1 9247
1.6.3.2 &7
1.6.3.3 Azx7]
1.6.3.4 33 =
1.6.3.5 A%
1.6.3.6

i\

6.4

B

L=
o

o) WA, ek, HAk

T
g

5}

AF7HH A

T
g



© 4/6

2Pz} 15.11.24

A R AAE

e
4L
I

KAERI

_ZTI

ksl
pul

H7Heke

2 mi/e MIEE

X
=

)

=

%oﬂ

°F 37%

dlol =

ZEd

Z(




2Pz} 15.11.24

: 5/6

=
¥

A R AAE

XD

I

KAERI

22 A

at

3

)= AlA

=1
o

w42

Nfo

O

=
=
il

s,

A7

Kol
=

5L
=3

shste] 7

=]
A

kv
=3

7]

gt

A7t

Hl &2

ml/¢

=
il

=
il

A A

A4

A+ AZ)

=
i

v

M

=
iz



: 6/6

g7 15.11.24

Ad 2 AAY

KAERI

—_
o

act

o
yal

T
H

Nd

N

o4 % 8kA 71ek,
@ wpapael A

D AzHe O~ @74 A" A =S 332 Y 500 TS A

6.4.3 3|3}

5138}

T
i)



jaa
-z

o 4F 3 A ARea g
717134} (GammaVision)
5 %

7171 B4 (GammaVision) L OF s 1/19
1. Library SFQ RFA] e 2/19
2. Certificate TFQ ZFA] s 4/19
3. O LR TR e 6/19
A, TR TLA cooreerersessmsssisssssssssiisss s 8/19
5. WA FY AF = B Q7] s 10/19
6. Wl LS T B 11/19
7. BAZFAE BA o, 13/19
8. HFALS FA] o 15/19



£ 3 = L =)
Y, T AE 5 AN AdE 24
(<)

W,
KAERI 7171%43 (GammaVision)

24 A} 15.11.24
% W % 1/19

7171 4] (GammaVision) £ ¢}

ol

AbeaA] g ad S8 27
File => Open Datasource —> A4 2 EH(Spc ) A€

v O

. BA Library 4-&
» Analyze -> Setting —> Sample type -> Nuclide Library

oy s wA HE
» Analyze -> Setting —> Sample type -> Calibration

RS AANEAN, BV, AR, Wases
> A

nalyze —-> Setting —> Sample type -> System, Decay, Analysis, Correction

Analyze -> Entire spectrum in memory.




£ 3 = L
eR T A% T WAs BE E24 gela: 151124
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KAERI 7171 &4} (GammaVision)

1. Library 3¢ 24
MNLH“EOV]ﬁﬂﬂtﬁurL%Nﬁﬂ%ﬂ<E§ﬂﬂ%%lmmwiﬁ

O“l‘j

do] hefof stH, 7]

=2 =9 &S
=, %QE <9 HolHE 52 5 th

1.1. GammaVision Editor %! 3}
Library 3¢S 2H43}7] 918 GammaVision EditorE 2 A 71t}

Library | Services ROI Di

Select Peak..
Select File...
Edit 3 GarmmaVision Editor_.

List... muclide N IT tor

2% 1. GammaVision Editor

1 diting: New B

Creation: 2015-12-03 2:54:49 P
ditior: Half Life:

M- 2-Sigma Nuclide Uncertainty:

Muclide Flags:

Peaks
Peak Flags:

Percent

Insert.. | v

a9 2. GammaVision Editor %

1.2. Library & A#
i AFE AHAHE ddo] gHE

LibraryES w7 A T
GammaVision®| A A&3t= Library 5 AES MEa|A] AR 4+ ¢
o

A&% = Library JL(Nib)F F7}staxt &= @Fo] 9= Library Y

S Mgz, B4 AES AAe T gEZFYs AL “Insert AE"S FE s,
o] }AFE& whEste AHAFES FUHe)

» Show Master Library —-> Library A€, &7] -> 3ZF Ad -> & ZFY or Insert =



I X3 = A ]_}—_ ol B 2]
o T1TT™m 6 J'A [e) Xé = 2 d=b 15.11.24
zZ ¥ 3 3/19
7171 %4} (GammaVision)
KAERI 17124
] Suspect.Lib "F_W_\ ri“ Editing: New '_?_:_W_I
Ee7? 531 Wed31M | Creation 2015-12403 254,49 PM
NaZZ Y-8 %e-133M | Editior Half Life: |
MNa24 Y;gs Ez} gé BeT7 2-5igma Muclide Uncertainty |
41 Nb-34  Cs137 ﬁagi Nuclide Flags: |
-400 MBS Cs138 =3 =
[k-42 Med3  Bal123 ;
Sc-46 Fu-103  Ba139 Peaks-
ke Rh105  Baldd Paak Flags:
M54 Ag108  La-140 eak kg
FeBd  AgI10M Ce133
Coms  cafoa  Celdl SETREES
Co%7  Sn113  Ce143
CoB8  5b122  Ceddd
Cof0 Sb124  Fridd
Cwfd 5b125 Nd147
ZnES  Sb126  Euwl5?
be7E  Teldl  EulSd
Ge7E  Ted32  Eui5h
BBz 3 Gd1E3
krB5 0432 ThGD
kr88 0133 b7
ko8 113 LT Insert. \
et ol T Inesit C138 | Paste 40
4 lam ] | Mucide cur k-4n:
a8 3. WFE HelS 93 Show Master Library %
. =
1.3. Library &% HH
L 57 =] - 1 =] = =N =% = 2
GammaV1s1on°ﬂ A AFstE Librarye €5 H2 dF dlolHe tE
z 3 =2 2= 5 2=~ o] Oo
] m]'"'“oﬂ 71— Oﬂ ﬂh& Xo = ‘I‘Xég‘l‘)\}]\m-
Edit Library Muclide 2 || TR Library Peak
Muclide Name: | Aszociated Muclide:
Haflife: [532300  [Daps =) Eneray (ke [EE I
NuclideUncertainty:]n_muu % Gammas per 100 Disintegrations: |9.9944E+001
T Muclide Flags T Photon Flags 1
I Thermal Meutron Activation [T] * Gamma Ray [G)
[ Fast Meutron Activation [F) X X'Hfa-\" ]
™ Fizsion Product (1] 5 P.DSIUUH Decay ]
¥ Maturally Dccuring lsotope [M] : Single-E scape 5]
¥ Photon Reaction [P | Dedblebrcape ) |
¥ Charged Particle Reaction [C) - ) Peak Flags
I~ MaMDA Caloulation M) I™ KeyLine (K)
™ Activity Notin Total iA) [ Mot InAverage i)
Cancel Cancel
Iy 4. gk ATl ek AR
* Nuclide Name: WA A F2] o] &
o Half-life: ¥AMdMF 9 w+7k7], Nuclide Uncertainty: Half-lifed] £&8%
* Nuclide Flags: A AM, A28 = & AT AA7L &5 14
e Energy: WA 9] W& o %]
e Gammas per 100 Disintegrations: a3 |4 %] WZ%E, Uncertainty: Abundance®] o
& Ban
+ Key Line: W& o] olelsl 91 4%, Wi ge] /4 ¥e 9% A=
* Not In Mean: "2~ A3 Al 3 oﬂLﬂxl of thgk WAbe A AAH AN, T AL
s At A= AL .



£ 3T = -
oK s HF T YA AE 24 2412 15.11.24
v zZ W 3 4/19
2 s
KAERI 717182} (GammaVision)

1.4. Library A%
AF Ael W Hylo] duyEH HAsk gdolES st A4 Library &

A2+= Nib

N
(e}

» Save Library As

2. Certificate ¥ A
A=719 YA AN g8 wAZS 8] AL gk HH7F GAS)

q
= Certificate 3& #HA] sk}

2.1. GammaVision®] Certificate File Editor 23}
Certificate Id-& 24317 93l Genie-2000¢] Certificate File Editors
A s A1 71T},

» Calibrate —> Calibration Wizard. —> Efficiency Calibration®] Create New

] Efficiency Calibration Wizard g @

Please enter the following information for the efficiency calibration

Centificate File: | Browse Edit
Librany: |C:\User\3uspect.Lib Browse Edit

Source Label: ]

Count Time: |60.00 Seconds. [ Clear Data Before Star

<EE(R CHE(M) & 4 | [==1-T} |

19 1. GammaVision Efficiency Calibration Wizard

2.2. A4 4R
EE4YY Library 39S A9sta 7tz WAl E8L Fo AHE

=
A A Certificate WIS wh=T)



E AZ = dxls Ad B4

Z ¥ 3 5/19
7171 243 (GammaVision)

2Pz} 15.11.24

» Library XA® -> Certificate File Edit -> Library GroupolA] #EX& -> Select

from Lib —> Assay®& 99 -> Add New

Cartificate File Editor — Editing: New 2 =)
Isotope | Energy| hotivity| Gammas/s| Uncertainty| Certificate Dat
<[ (1 *
Add New I Update J Delete J Clear All J Savehs.. I
Library Group Wi Assay [From Cerlificate]
- Select from Lib Activity | [GPs =l
A T T BT S
40228 @99.45 ke | :
N33 @ 99 50 ke Gammag/100d Drate: | |
Pa-234 @ 9970 ke ! wpib-dd hemmss t
Th227 @10000keV |~ |
Fit Type
Above: |None - Eiclawy 1Nnna hd Knee: |0.00 kev

’TI Cancel J
% 2. Genie-2000 Extract Library Nuclides

g

FAel BE ust Ass) GEsEA $stn FohHe WY
ko3
5

7 pdateEs A¥slo] A3t}

Certificate File Editor — Editing: STD-AF{150701) Eft ==

Isotope hotivity | Gammas:s| Um:ertalnty CErtlflcatEI‘

Cd-109 28.03 5.22EIUE+UU3 1.4UEIEI 2015 07-01 1255|
Co-57 122 06(1.2082E+002 1.3000 2015-07-01 12| |
Co-57 136 .47 (1.2082E+002 1.3000 2015-07-01 12
Ce-139 165 .86 (1.7945E+002 1.0000 2015-07-01 12
Sn-113 255.13|3.0988E+002 1.2500 2015-07-01 12
Hg-203 279.20(3.8145E+002 0.8500 2015-07-01 12 ~
< [ [
Add Mew | Update I Delete ] Clear &l I Save s, J
Library Group Assay [From Certificate]
iAm.241 (2 59 54 ke v] Select fram Lib Activig: ]3.5709E+UE|2 IEecqueleIs _ﬂ
lsotope: |Am-241 Haltlfe (Days) [1.5807E +006 Uneertainty:  |1.0000 4
Energy: [53 54 Gammas/100d; [35320E 00 Date: [2015-07-01 [12:00:00 PM
yyp-pbd-dd hemmigs tt
Fit Type:
Above: |Mone - Below: |None - Free: |0.00 ket

0K | Cancel J

713 3. Certificate file editor 2549 AKX ¥

2.3. Certificate 3 =%
ZHdo] SR W H-dg udo|E& Al AA.

i

P File -> Save as



N X = A
IR x AE = uAls A BA Agela: 15.11.24
V Z ¥ 5 6/19
KAERI 7171%43 (GammaVision)
3. ¥ xuHy
o

stol AE o AT AAANE B

7} Certificate JLS o]&

3w, o] g olux mAyeletar g},

pwkd mzbx] AlSskal 4 olF& F-ofste] AA

» File => Save as

3.2. Library $UL 0] &3+ oix] wH
Kol

T dol gk Library 39S AFSSFe] oy =] wA.

» Calibrate -> Calibration Wizard -> Energy Calibration®] Create New -> Library
AY > ohe

Energy Calibration Wizard =
Fleaze enter the fallawing infarmation far the energy calibration
(R e [brane s AER] CRM Lif] Browse Edit
Source Label |
Court Tirne: |E0.00 Seconds. [ Clez
SEOHESTE G =82 |

a9 1oy A S 91§ Library 39 =9 27]

Finish Calibration Wizard o s
CHANNEL ENERGY
F
it Tece Calibrated
H
M
ENERGY ENERGY
EdtEreny | SaveCalbration | Edit Effisisncy |
TEY

sz [ o | B

a9 2. dyA wy F oz o Ad, FWHM of oA 34




3 = L =)
E=Tr) Hc;'/‘]"o‘ zé':'a] T':}—‘:]; 2yl =}: 15.11.24

&

Z ¥ 3 7/19
7171 243 (GammaVision)

o] oy x wA Thssith AFEZOA ¥g AY &
Hste] F7FstAY, Energy Tableol Al ol =] 2FA].

» Edit Energy -> 919X 9% Enter or Energy Tabled| A o]JX] A& Delete Energy

=] Energy Table Lo e
Energy ] ~ Channel _ Fit (keV) Delta %
46 .54 126 .98 46 58 —0.0984% [
£9.54 162 .66 £9.61 —0.1138%
ag.03 240 .73 ga.10 -0.0763%
122.06 | 333 .89 . ~ —0.0345% |
5{5: ! ! e f i tk 001 s
165 86 453 67 165 .82 0.0235%
25613 698 06 26501 0.0478%
27920 764 .01 279.08 D.0402%
391.70 1072 36 391 .62 0.0205%
475 36 1302 .17 475 48 —0.0251%
£e3.20 1542 60 £e3.23 0.0033%
563 .33 1559 28 569 31 0.0028%
604 72 165626 604 71 n.onz21x
EBL.EE 1812 .31 B61.65 0.000e% il
29C _af 2180 N3 209C 04 n_nnia9sz
Bl Energy Graph = || =[5
32aa

0.2397
0 Chantel 213
& Buffer(2) - ORTO7-150018-5TD-CA 5cm-TCC(150801).Spe { ORTO7-150818-5TD-CB Sem-TCC(15080. [ = || B [ 2]
5. Energy Calibration Bl
Energy Current Table
Channel,  374.27 23 Energies
E= 1364738 keV Delete Energy
Enter | Merge... | Save... |
Fit
(+ Energy Auto Calibrate |
i PwHM I Mo PwHM Cal

19 3. oy A A F Energy Table, Energy Graph ¢ 9 44 =
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24 Azl 15.11.24
% W % 8/19

E#3} Certificate FIE o] &
asuAolg}t s},

4.2. Certificate 39S o] &3 a8 WA
sk

TFEAY 3t Certificate AL AL83te] a8 WA,
» Calibrate -> Calibration Wizard -> Efficiency Calibration®] Create New ->
Certificate File A& -> t}&

"Efficiency Calibration Wizard B =)

Fleaze enter the following information for the efficiency calibration

CE Bicrn[150707 ] EH I | Edit
Library: ]E:\User\Suspect.Lib Browsze Edit

Source Label |

Count Time: |50.00 Seconds. [V

Certificate File: |IEEEE

<wz@ [ osmn> | 2| Eg |

I8 1. a8 AL Y3 Certificate Y E2]27]

ne

Finish Calibration Wizard |E.|

CHANNMEL ENERGY
7 F
it |
H T
M

EMERGY ENERGY

Edit Energy | Save Calibration | Edit Efficiency ]

<EZE o2 #2 | esz |

a9 2. 3EuA F ooyA o 28 4



hy X == T H
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% W % 9/19

7171 243 (GammaVision)

aaud F FrHHQd g5 uwH JhEsit. AFdEHgA 33 AHY
Efficiencystoll &5 Y =35t F71skAY, Efficiency Tableol A a8 AHA|

» Edit Efficiency —> Z&U% Enter or Efficiency Tabled]A && A ¥ Delete Entry

£} Efficiency Table o
Energy Efficiency Fit Dielta
59.54 1.8940E-002 1.8937E-002 0.0185%
g88.03 3.7207E-002 3.7360E-002 —0.4104%
122 .06 4. 0634E-00 4. 0506E-00 0.3142%
L7 BT 02 T4 0o ] AT
136 47 _ 4 0692E-002 _ 4 0099E-002 . 1.4573%
165. 86 3.7590E-002 3.7927E-002 —0.8949%
255.13 2.8852E-002 2.9435E-002 =2.0207%
279.10 2.768YE-002 2.7515E-002 0.6188%
391.70 2.1045E-002 2.0945E-002 0.4758%
BBl . EBE 1.4077E-002 1.3709E-002 2.6158%
898 .04 1.0770E-002 1.0847E-002 —-0.7151%
1173 .23 8.8082E-003 8.8716E-003 —0.7205%
1332 .49 7.9672E-003 8.0544E-003 —-1.0943%
1836.05 £.2893E-003 6.2415E-003 0.7590%
Bl Efficiency Graph = || = =
0.04476

Efficiency

Energy(key] 2986

o

£ Buffer(4) - ORT10-150828-5TD-CB Scrn(150701) Spe ( ORTI0-150828-STD-CB Scm{150701) ) = |[= [

&.| Efficiency Calibration =
Efficiency Current Table
[4.0652E-002 13 Pairs
at 11364736 keW Delete Enty
Enter | Calc... Merge... | Save... |
Made
Above Below
Palynomial LJ |Nc|r|-'_= J
T

a9 3. 9l A WA & Energy Table, Energy Graph ¢l @ 44 %
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<3 =)
5. A Y A 2 EHLU]
) - = O = = 2= =
WAL= AdUA WA a& wH HAHE AFL 5 dorm, AAs
WY A BAsuA e AR AAEYe] Helsd BH @
5.1. wA 3 A%
=9 Lo o 5F 2= 5 LS
oz W, a& o] 4uFH WA FLdS AFYT 5 ot A=
= O s
Clbol™ dux nA, &8 WA AR7 25 A},
» Finish Calibration Wizard —> Save Calibration
Finish Calibration Wizard CRE
E
F
F
CHAMNEL EMERGY
F
W
H
M
EMERGY EMERGY
E dit Enery | Save Ealibrationl Edit E fliciancy |
< EI2(E) | &= | 2 | ===l |
Z; Save Calibration File (=]
Z AWM | | ORTIO -l o ik
WE] ’ £ 2T 2y -
BKG 2015-10-28 2:52 PM WY 2
EMERGY 2015-10-28 252 PM T2 £
OLD 2015-10-28 252 PM T =
A 2015-10-28 252 PM I =
[ | ORT10-150828-STD-CB 5em(150701).Clb 2015-06-09 116 PM  CLE I}
[ | ORT10-150829-STD-CR 0.5cm(150701).Clb 2015-08-09 1:15 PM  CLE I}
[ ] ORT10-150830-STD-CF{150701).Clb 2015-08-08 114 PM  CLB I}
| | ORT10-150831-5TD-MB 1000ml(150701).Cle 2015-09-30 10:38 .. CLE I}
|ORT10-150901-5TD-AF(150701).Clb 2015-09-09 1:11 PM

4 1

M OIS [DFTTO-TEIEZE-ETO-CE Eem(TENTIT)]

=1
M #4(T: [Cib Files

CLB o~
b

B! b

=2 B T

“
e

o
U
2
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AAs 1A AL BAsHE AFANEH B2 L 4 9ttt Recall Energy
Calibration, Recall Efficiency Calibration &< AF&314 ouyx A, a&

WA AuE 7z HAEsia B9 E 4

» Calibrate —> Recall Calibration

%, Recall Calibration File
FE LM [ ORTIO ~] ¥ -
0= . SHE 2T} gz -
| BKG 2015-10-28 252 PM I =
ENERGY 2015-10-28 252 PM YU Ez|
OLD 2015-10-28 2:52 PM I} =
L uH 2015-10-28 252 PM  IHY =
| | ORT10-150828-5TD-CB 5cm(150701).Clb 2015-09-09 116 PM CLB I
[ ] ORT10-150829-5TD-CB 0.5¢m(150701).Clb 2015-09-08 115PM CLB I}
|| ORT10-150830-STD-CF(150701).Clb 2015-09-09 114 PM  CLB T}
|ORT10-150831-STN-MR 1000mI1507011 Clh  2015-09-30 1038 CIRE T
4 T 3
O+ DIZ(N): [ORTI0-150830-5TO-CFC 1507017 =71(0)
DR 8T |Calibration Files -] A

Recall Energy Calibration v v Recall Efficiency Calibration

Iy 2. WA gl o] F

6.1. WEtes %7

I,

ASE Wages 3ds £ § Library, 24 F4& 4§ i, =
AEYS FA g Mgk = 4] Libraryve W1kt 33 23E =
AMFT(HABAM AT S Z3IAA AFEE As AAST oju] 4 A 4] &
of 4%+ ufo S o] &ete] Mg = 39U (Pbe)e WHEY



S|
~

r—{u:

F WA A4

2Pz} 15.11.24

7171 243 (GammaVision)
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Wi E shel(Spe) B4

» File -> Open Datasource -> WIa1#le= AHEZH(Spc #Y) A& -> Analyze —>
Setting —> Sample Type(Library, AL HA) -> Analyze -> Display Analysis

Results

W7k 9 (Pbe) THEV]

» Analyze -> Setting

-> Peak Background Correction

-> Edit PBC

-> Show

Backgroud Analysis -> #413% wWaglec 9] ufo 3Y A® -> Copy All to PBC

5] ORT(GWL- [ % |[ 28 || =1 Editing: ORT(GWLI-156930-BKG-empty.Pbc (=
k.-40 Creation; 2015-10-02 10:51:15 F.-40 [Patazsium] -
Fb-210 Edition: 20151002 10:51:30 Peaks
Th-234
pod Pb-210
Fb-212
: Th234
Fb-214
; U235
TI-208
i Pb-212
Bi-214
; Fb-214
228
. TI-208
gi212 b
Ra226 piald
o228
Bi212
Fia226
- end -
Inzert... | Cut I Edi... Cut
‘ ‘ Iriset... Plaste
719 1. Edit PBC %

6.3. Wete= A3
W1ghe = 7l(Phe)S A e,

» Save PBC table As

i)
ofo
ol
ol
£
20
o
rok
k)

% Save PBC Table

RE A BKG ~| = EBEeFEr

o= i TS 2T Wl
| ORT{GWL)-150704-BKG-empty.Pbc 2015-07-06 3:13 PM  PBC I}
|| ORT{GWL)-150817-BKG-empty.Pbc 2015-08-18 5:00 PM  PBC I}
L] ORT((_EWL)-ISQ—QI_Q-BKG-empt}-'.Pbc 2C-15-GQ_-21 2:22_ EM P_EC i} 1
| ORT(GWL}-150930-BKG-empty.Pbc 2015-10-02 10:51 .. PBC I} —
4| 11 (3

THE DIZ () [GRT(EWLI-15I930-BR G -empty HEE)

OF & &(Ty [PEC Tables -] I

a% 2. PBC Y AX F
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7. EAFAE BA
GammaVision®] SA¢A HAS fsids vk FF4 o] obd FAE
A wA BHLES wEolof gt mFEAAd:

ket

ARAAE ZEAYS

Certificate WYL S o]

offl

>,
i

w
g
El
ol
o
off

71 %F 4D AS
SAEES 9% FEAYS dubHel wAE BEAdoA “YCos A9}
a1 BiCsE F7hste] AlFsor &, AZ et 1% wwd wizhA] AlEska
7 ol5S FoJste] A%

7.2. Library 39S o] &3k oA LA

A A

of gl Library 39S AFE3te] ol =] wA(3. o]

ag A,

ol
tlo
ol
ol
=

7.3. Certificate sk
FAl AL FEA Yol T3l

A RS S A

P Calibrate -> Calibration Wizard —> Efficiency Calibration®] Create New, TCC
X ¥l Single Extended

Calibration®] Create New -> ©& -> Certificate File
Source Method &4, Not Present 4 A¥ -> t}&

Efficiency Calibration Wizard

Fleaze enter the following information for the efficiency calibration

Certificate File: ]C:'\User\Eertificates‘\STD-CAN TCC  Browse Edit
Browse J Edit

Library: 1[3: WU zerLibranes\BF.G.Lib

Source Label: |
Count Time: {5000 Seconds. [V
T Calibration Method Abzorber
r Foe g S
e Mot Prezent
™ Single Paint Source Method
" Present

% Single Extended Source Method

< §IZ2(B) | ChSiM] > I 4

& WG Al FAFAE BAS 913 Certificate

B A= B )

o
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A

B
R LN |

g dt: 15.11.24

7171 243 (GammaVision)

% W 3 14/19

o

WAt Ag 2 A

Coincidence Correction ¥4 A&S Z3lA 7153t}

Joll 4 Calibrationoll FAIEA A7 Agd wgad

3l peak to total ratio, peak efficiencyS A X E ¢ofd
| YA wA, a& wAg, AT} ARE AY & &

1 Bejoy] ), FAFEA BAY HES

AsiAM = 8.

AA F True

» Edit Efficiency -> &&uwA % FA A A 32l -> Finish Calibration Wizard —>
Save Calibration
(] Efficiency Table = =R
Energy Efficiency Delta -
4654 9. 0947E-002 9.2403E-002 —1.6007%
59 54 9. 2976E-002 9 . 5645E-002 —2.8700%
g8.03 9. 6580E-002 9.4070E-002 2.5990%
122 .06 8.6317E-002 8. 67C0E-002 —0.5011%
136.47 8.4814E-002 8. 3209E-002 1.8923% =
165 .86 7.0485E-002 7.6054E-002 =7.9007%
279 20 L 2535E-002 L. 3569E-002 —-1.9678%
391.70 3.9857E-002 4 0435E-002 —1.4502%
475 . 36 2. 7870E-D02 3.4420E-002 —23.4997%
563.25 2. 3035E-002 2.9994E-002 —30.2079%
569.33 2. 2752E-002 2.9738E-002 —30.7044%
604.72 2.3599E-002 2. B348E-002 —20.1245%
661 66 2 . GLB32E-D02 2. 64Z20E-002 —2. 2747
795 B6 1.9084E-002 2. 2938E-002 —20.1926% -
a0t Qc 1 7908 F_0072 2 20NER_0N072 27 AC309%

Lincai

%5 Buffer(1) -

| Efficiency Calibration

Efficiency

| Enter |

Cale...

Current Table
21 Pairs

Delete Entry

Me@a_|

Save_.|

i Tec Polpromiz L|

MHone

23t Certificate %
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rok
£l
o,
%)
e
1o
=
<
N
fol
fitlo
>,
nl
o,
%
olr
o
ol
o
>
nl
10
[>
14,
[t

A AR
BAR, WA, 247Ed, A, Hagkes $o ARE A
k.

» Analyze —-> Setting —> Sample Type —> Sample(Library, 233 AA)

Sample Type Settings for Buffer(1) - Buffer -2
sample | Systemn | Decay | Report| Analysis | Corrections | Izotopes |

File :|C:A\Use\SAMORTTOMIR T 0-CF. Sdf Browse... I Saveds .. ‘
Creation: 2013-11-26 92843 A4M Edition: 20151019 5:06:35

Drescription; | Frezetz

Ainalysis Hange - 1 — Random Summing —
From: |40 Ta: (8000 [
Background Tywpe-

&+ Auto. " 1-Paint ¢ FFoint T 5-Faint

-Muclhde Library 7 Calibration
Internal T Internal I
1 C:hUzersLibrarieshGAaMMA, Lib | C:hUzertCalibrations\ORT10MORT10
Browse... Browse...
ge | #x | zsm |

213 1. Sample Type 274 & % Sample®

]
r
%2,
v

#HLe7]

M

Sdf s = A4staL

Presets: A5 A1z A7

Analysis Range: ¥A13la28h= Ad -3 AA

Random Summing: Random summing H A2}, 0& B ASA] &S oy
Background Type: I AWHZ ALk Al w2 wWlogbe=9] Akl o] &3tk Ad W9
Nuclide Library: ¥4 A] A}£& Library 39 AA(. Library 3 &4 3Fa)
Calibration: ¥4 A] AM8-& wd I AAHG. 23 oY A € E8e7] F3)
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7171 243 (GammaVision)

» Analyze -> Setting —> Sample Type —-> System

Sample Type Settings for ORT08-150600-STD-MB 1000ml-0.5T(.. |- %

Sample System | Decay | Report| &nalvsis | Corrections | Isotopes |

Laboratory name: [Ervironmental Radioactivity Assessmenl

Operatar name: |KAEF|I

MO Type PEAK SEARCH SENSITMTY -
Mast... ...Least
|Nureg 4.16 Method EllR ST B R
Library Uitz
M ateh width:
1.0000 * FudHM [kev] « Bg Muliplier 11.DDDDE+DDD
Fraction Lirit: " uli Diivisor: 11.DDDDE+DDD
0.0000 Percent
File: for Suspected Mucldes: Activity: |Eq

1E: WUzerilibraneshSuspect Lib

Size: |1.8000E+001 L
Browse...

2.71+4.65 « yu,

eeme L ot

upt M=l B el 8, m! Al
Match Width: &% 38 A] Library$te] vj® A=ES AA. 339 FWHMO
s wek v WidthE ARE-.
Fraction Limit: 3% 3 A a]1Z¢] w2 zupd 2 vmz 2wd®E upde] HAE
upe} sEe] W G AR 100%%E AA Al Libraryel] 9= #Fe] mE wpEziupA
S daz dAsof dFo] rka W, 007 A A )5S ALEEA &S
File for Suspected Nuclides: A3 Nuclide Library ©] 9] unknown 3] =] thajjA
HogMo A Melst Library 9= 3% 348, webA] GammaVisiond Al A& 38
Suspect.Lib A (Z& dFo] 23S ALE,
PEAK SEARCH SENSITIVITY: 1~5 Atole] 32 wd wizts M4, 12 @42 f
AetA W aE T,
Unit: B2} ©@¢] 2 Multiplier, A15% 2 992 98 71% mBqS 9= 3 A
Multipliere] 1000 9=

=
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7171 243 (GammaVision)

» Analyze —-> Setting —> Sample Type —> Decay

Sample Type Settings for ORTO8-150600-STD-MB 1000ml-0.5T.. | % [=%]

Sample | Systern Decay | Report| Analysis | Corrections | Isotopes |

-Decay Comection

Drate: 1201 510-21 Tirne: |12:00:00 PM

[wypm-hdbd-dd) [h:mm:es i)

W Collection. .

¥ Diuring Acquisition

Sample Callection

¥ Collection...
Sarmple Start Date; [2013-12-30 Timne: |12:00:00 PM
Sample End Date; 12074-01-06 Tire; {12:00:00 Ph4
[w-pAbA-dd) {hmim:s2 H)
ol g | =8

13 3. Sample Type 24 & & Decayd

o=

ol
o
¢
>,
i
=
A

o

d 7]

M

e Decay Correction: Collection 24& A€slal, DateE &
53 B4, During Acquisition ¥4 A8 Al ASAIZF FoF 53 HA.
e Sample Collection: Collection &4 A® Al A543 7|zF T BIHA. Air filter
Ze A sAF 7)zre] B Alsol dis] A&

W

» Analyze -> Setting —> Sample Type —> Report

Sample Type Settings for ORTO8-150609-STD-MB 1000mI-0.5T(.. [ |

Sample | Systern | Decay  Report | Analysis | Corrections | Isotopes |

Reporting Dptions - - Uncertainty Reporting
i — —

R e Percent Counting

] : % Activity * Tatal
[~ Library peak list : — —
Iw Library peak matris Confidence level
v Muclide abundance 1. & 2.7 3Sigma

Cutput-

™ Prirter v Display Analysiz Besults
™ File: |Citlsery Browze...
* Program: 1E:'\WINDDWS'\system32\Notepad.Exe Browse. ..
(] | Browsze. ..

0|

=

4

|¢|E§

e

19 4. Sample Type 24 & % Report®



{
>,
4
ol
Z
>
ol
off
2
)
h
X,

= 2 gzt 15.11.24
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e Reporting options: Z¥}o] S0z A 7§_TJr S A=

e Uncertainty Reporting: 8% &$ 2

e Qutput: % 3A. Display Analysis Results

J&?i
m{E

Az 7] E-EZ 2 13 Notepad.

» Analyze -> Setting —> Sample Type —> Analysis

sample Type Settings for ORT08-150609-STD-MB 1000ml-0.5T.. [-®

Sample | Systern | Decay | Report Analysis | Corrections | Isotopes |

— Analyziz Methad 1 -~ Additianal Erraor
Program Syztematic
|WAN32 Analysiz L] 1.00000 4
A | B I R andom

Delgte 1.00000 4

Peak Stipping -~ Analvziz
Library Based W [~ Manual Bazed Peak Cutoff

Second Librany: 15.0000 %
|C:'\L|$er'~.N ull Lk Browse... Tiue

Coincidence [
Thurd Library: Comection

|E:‘\L|$er'\NuII.LiI:| Browse... Directed Fit [
za |

Z1¥] 5. Sample Type A3 # 5 Analysis@

44

| & | =ty ]

Analysis Method: Programol| A £4 <d1¢]& A9, GammaVision "< a1,
Additional Error: Systematic error, Random error 9 &

Peak Stripping: =333 A7 24, Library Based <4 A® A ztEo =
A A. Manual Based A8 A] Second Library, Third Library &4 243} ¥
Libraryel ¢laiA 333 AlA. Library Based &4 A& A%

Peak Cutoff: 21 A}8-3l= Nuclide Library 339} 2 3139] 1-sigma 8% 79
WAZF 493 Peak Cutoff(%) gkell WX[#] Xx& A5 WA Algtel o] &3t &+
True Coincidence Correction: &4 AF& A] Coincidence Correction 4@}

Directed Fit: 54 A& Al 59 WAbs @te =9,
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7171 243 (GammaVision)

» Analyze -> Setting —> Sample Type —-> Correction

Sample Type Settings for ORTO8-150600-5TD-MB 1000mI-0.5T(.. | ¥

Sample | System | Decay | Report| Analysis  Corrections | |sotopes |

Peaked Background Correction
¥ 0On [T Internal

File: |E:'\L| sersCalbrations\ORTHEBEGNIRTOI150  Browse...

- [Geometry Comechion

|_. On ¥ Irtema
File: |C:AUsersHull Geo Browse...
Atenuation-
[T On  irtemal T DataE

File: |E:'\L|ser'\NuII..~’-'«tt Browsee...
b aterial: J.-'-‘-.I __J Length: {0 .

f-‘ - wtarm sl f"

Configuration: |Linear

z=Ho|

=

Aot

I

| =s2 |

713 6. Sample Type A3 # 5 Correction@t

e Peaked Background Correction: On =4 A& A] Wagt&= HA. FileolA Pbc <

6. Moaghee Wy ) A
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7171 %21 (Genie 2000)
= 3

7171 B4 (Genie 2000) Lk s 1/25
1. Library SFQ ZFA] oo 9/95
2. Certificate }'i'-oé ;i]—}é ............................................................... 5/25
3. LA TLA e, 7/25
A, TG TR oottt 11/25
5 ﬂ%] 'U:"(‘)E]_ ;qxg- 1;_; %319_7] ................................................ 13/25
L R L T DO, 14/95
7. SR BFAE LA o 17/25
8. MDA AAF oot 20/25
9. BA] AT} BB oo 21/25
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KAER 71712} (Genie 2000)

7171 %4 (Genie 2000) &8.°F

WAV EA g BE Q)
» File -> Open Datasource —> A4 A2 EH(CNF ) A=

ColuA] WA & 25 48

» Calibrate —> Load -> *. CAL

Aol 4 Energy/Shape, Efficiency A=

gl WA T A5 U3 Geometrye] CAL 38 A=

. Peak Search
» Analyze -> Peak Locate —-> Unidentified 2nd Diff

. ROI 2 A
» Analyze -> Peak Area -> Sum/Non-Linear LSQ fit

g E BA
» Analyze -> Area Correction -> Std. Bkg. Subtract. -> BKG 3} Select
ng] S48E BKG 3Y (&=} .CNF) A

. as HA
» Analyze -> Efficiency Correction —> Standard —> Dual

DA EE 3

» Analyze —-> Nuclide Identification —> NID w/interf. Corr.

O

. MDA A4t
» Analyze -> Detection Limits -> Currie MDA

B A3 29

» Analyze -> Reporting —> Standard
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ToR = AZ = dAle AY B Ak 15.11.24
v, %W 5 2/25
. .
KAER 717182 (Genie 2000)

1. Library 3¢ 24
WAbs A2 o] fleld e SAg WAl F ol x3HE o) l= Library 3t
Aol glofof skm, of7]ell= WA F ] YA, W3], WE Avkd 2 W=

= ¢}
', %5k 9 HelHE 52 5 3t

1.1. Nuclide Library Editor 23}
Library 398 24 3l7] 98] Genie 20002] Nuclide Library EditorE 4
BIRNEAR=

—_—

GENIE-20:00
i Certificate File Editor
=] Gamma Acquisition & Analysis
@ Geometry Composer
¥ MCA Input Definition Editer
| MID Setup Wizard
m Muclide Library Editor
A YDM Service Manager

19 1. Genie 2000 Library File Editor

| Nuclide Library Editor: (Unititled] = =B (=)
File Search Options Help
Nuilide -
Marne: | &y
Half-Life: [
Full Marne: Ji ot
Uncertainty: + ] M
Type. [—L] s Clear
Energy Lines - p
Energy ] ket Aburidance: z [ Keyline
0 . G i . I Ho'wtMean
neertainty. + Gl ncertainty: + ] Abs Clear
Mame Tppe Half Life Erergy - ket Abundance - % )

Add Nucide | Addtne | ze | el | i I

29 2. Genie 2000 Library File Editor %

1.2. Library &% A
LibraryE W=7l 98lM 35 ARE ddo]l dHT = o, Genie
2000014 A|-&38k= Library & S AgaiA A& o+ 9

i)

» Options -> Extract —> Open



o Al3E = ]__E:. ] HA
5 AF T BAbe BE 4 S A 15.11.24
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717124 (Genie 2000
KAERI 17124( )
Z Nucilde Library Editor (Untitied) ([E=0[E=h ‘
File Search Options Help
~Nuchide-
e Half-Life: ]— i Lty
Full Mame: ,— ” CH -
ricertainty, + |
Lo e =
“E”Eer:ggbmes [ kv Abundancs T ]’:Eevvl}'t";
Unertainty: £ '_ k jz‘ﬁt‘r‘adl}m Nuc\i'd;s'_ @
Name Type
Extracting From:
AddNucide | | Cancel | Help |
a8 3. dF MelS 93k Extract Library Nuclides %

TG T kel = =Jl= = 3 Ol T; DiRe
A &%+ Library 3FL(NLB)% F7Fstaizl 3= dEo] Q= Library 3¢
S Al INF O S o« =2 = S H=
Aestarl, B4 AFS Agst & “OK'E ZE3) o] A S NS
SNz O = =
—]IJ'Z')" = T7]'6L1'E]'
» NLB 3+ A¥ -> Select -> F A& -> OK
7! Open Library
HE SR CAMFILES o]« ®@ ek Er
= . SESH LW SE 37| *
L ADMLE 2009-07-15 NLE T 1,337KB
| ANSL.GammaGuru NLB 2005-04-28 .. NLB T 113KB
|| ANSI LibCorNID.NLB 2005-11-21 ... NLB mY 182KB[ |
| DEMOLIB.MLB 1992-00-10 .. NLB DpY 21KB
| E.GMNLB 2009-07-15 .. NLB opg 425KB
| H_KMLB 2000-07-15 .. NLB Dp B41KE
[ ILoMNB 2009-07-15 .. NLB DY 681KB
_ NAIDEMO.NLB 1093-08-25 .. NLB DpY 21KE
| | Pa_PM.NLB 2010-106-08 .. NLB DY 353KB =
| Po_PuMLB 2010-10-08 .. NLB T 304KB
| PTCALMLE 1008-10-12 .. NLE oY 25KB
| RRNLE 2010-16-07 .. NLB HY 510KB
|_|s.snlb 2004-01-13 .. NLB Dpg 335KB
| STDLB.NLB 2005-04-06 ... NLB o2 147KB
| ttnlb 2004-01-13 .. NLB OHY 324KB
__u znlb 2004-01-08 .. NLB IpQ 409KB -
4| 1 'L | 5
= | Extract Library Nuclides 3
me OEw  [STO0B Zesrect Uorry =
MFY S AT jNucIide Files (= MNLE) :_] 54 Extracting From: STOLIB.MLE
T E2H) Open.. |
_._'fﬂ?_.__J Selct all ]
Dezelect all 1
QK Cancel ] Help ‘

1% 4. Genie 200094 A|&3}+= Library file(NLB)¥} 3% A e
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717182 (Genie 2000)

1.3. Library &= #HA
Genie 200004 A|&3}+= Librarys= <4
HE 4T 2

)

A A%F dolg s} e

= I ES : )0
7] 2ol 2 gl tiF R = A=
Z| Nuclide Library Editor: (Untitled)* ol = =
File Search Options Help
i~ Muclide -
M ame: EE-7 oy
Half-Life: TEI53E D
Full Mame: ’7 - 'y
Uncertainty: + 1129.5 # M
Tope: activation - 1 3 Clear
= Erergy Lines = =
Energy: key Abundance:; b4 Key Line
™ Mo'w!t Mean
Uncertainty: + kel Unecertainty: + Abs Clear
) Mame Type Half Life Energy - ke¥ Abundance.- % )
| ‘activation :
HA-22 1.369e+006M
* 127454 992400
Hi-24 activation 15.000H
* 1368.53 99.9991
275409 99._8620
Add Nuclids AddLine | Change | Delete | Mars.

a9 5. Y ol ek Ju

* Name: AN A F 9 o] F

» Half-life: WA &E2] 9H7h7], Uncertainty: Half-life ]
* Type: DA, SiEd = & A5 471 & f
* Energy: WA 3E 9] W& oA, Uncertainty: ®AHS 3

e Abundance: 3|3 oYX WE%E, Uncertainty: Abundance®] 3+ &3 %
%

e
JX&‘

* Key Line: W& zupido]l A7) A& 45, wEEcl 7V =

e No Wt Mean: ¥ A= A] i o x| 3l AL GEA &
s Axtel A= AL,

e More: MDA A4S Q8Hx] &+ 3% A7 7H5, No MDA A=

1.4. Library A%
sl Mg 9 HHo] guyH HH gdolES Aot A%, Library &
Z2+= NLBe|™, Description®| F7}staAF 3= AEE 7]

» File -> Save as
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KAER 71712} (Genie 2000)
2. Certificate 3¢ 24
AzE719 oyA wAH g8 WS fsf Esddel] g ARV AN
+ Certificate 348 2HAl st}

2.1. Genie 2000¢] Certif

o] o

Certificate 3

icate File Editor 23}

267 Y&l Genie 20002] Certificate File EditorZ

=2 =2
A YA
GEMIE-Z200:0
PP Certificate File Editor
Gamma Acguisiticn & Analysis
@ Gecmetry Composer
PP MCA Input Definition Editor
= WID Setup Wizard
P Nuclide Library Editor
ﬁg VDM Service Manager
% 1. Genie 2000 Certificate File Editor
22. BEHY AW 9
ToAde x| o] = AFS Library oA desta zbzte] wFAL
S B3% o FRE A Certificate L& Th=t

» File -> Options —-> Library Extract —> NLB

9 HE -> AFHE -> Activity,

1 [e) — —
Uncertainty 948 -> Change -> OK
7| Certificate File Editor - Untitled =] &
File Options Help

Title: [

Quantity: | unit(s] Assap date: | a |

Driginal Centificate: | Browse

ke A cD

Nuclide: Halt-Life 1 CHOCM 7] Extract Library Muclides

Eneray ey Uncertainty: +# 5

Ermission Fiotes [T | opstespepsnmbiniany Activity Units: T Conversion Factor |1

Rate Uncertainty: +/- < ¥ Use for Calib/NIT 7

= Muclide: Activity:
Add | foie | Cloar
i % Uncertainty:
Muclide Energy (keW] Rate Elncert Half-Life -
Nuclide % Uncertainty
Narne Activity in Activity
E-T - .11 =
Hn-22 n.o0n (L))
Ha-24 0.000 0.00 |
CL-38 0.000 0.00
K-a0 0.000 0.00
AR-41 n.oon o.on
R-42 n.o0n 0.0
SC-46 0.000 0.00 >
| Cancel J Help

19 2. Genie 2000 Extract Library Nuclides



X X]3E = B} ]_}; al B A]
O T1T™m 6 © At é 2 W 24 d =) 15.11.24
% W T 6/25
71712 (Genie 2000)
KAERI
3T =% ) = 3} = o] [eR = 51O & = o)
FEAol g AR7E Qe AHEHA=A st F7HA S WA A,
Kol = = 2= S
M7 $ ChangeE 93t At}
7| Certificate File Editor - STD-CB Scm(150701) CTF = =2 ==
File Options Help
Title: ]CAN 301-150903-5TD-CBScm(150701)
Guantity: 1 unitfz] Agsay date; 2050701 at |12:DD:DD Fhd
Orriginal Cetificate: ] Browse
- Line T
Nuclide: AM-241 Half Lite @z ¢ : ? a
Energy: 5954 ey Uncertainty; +/- 05 ~ ¢
E mizsion Rate: 131.7961 gps or aps per unit quantity
Fate Uncertainty: +/- 1.0000 . [ Usze for CalibANIT 7
Add Change ‘ Delete | Clear ]
Muclide Energy [ke] Fate Elncert Half-Life
; : ! 1 } Y
Co-57 122.061 103.2656 1.3000 21 g0 0
CE-13% 165.857 143.3142 1.0000 137.64 D
HG-203 219190 310.6575 1.2987 46.59 D
SH-113 30700 201.235%6 1.25M1 115.09 D
£S-137 661.660 128.8173 1.4024 io.on ¥
Y-88 898.042 490.0484 1.0975 106.65 D
co-60 1173.237 250.7501 1.2002 5.27 %
Co-60 1332.500 251.0811 1.2000 5.21 %
Y-88 1836.060 518.8436 1.0926 106.65 D

13 3. Certificate file editor TF&4Y9 AKX 4=

2.3. Certificate 3 =%
ZrAo] AmEHW AHAI o5 Aste] A . Certificate A=

.CTF°]™, Description®| F7}3}

» File —> Save as
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3. oix A
EFAAT Certificate S ol &3te] AY o) UAY BANES ©F
ahel, o2 oA mAgoleta i

3.1. =49 A=
1

3.2. 93 =4
UA] WAHS G337 ol ~HEH| &A= a5 A A s}
» File —> Open Datasource —> A3 ~HEH A(CNF) Open

» Analyze -> Peak Locate -> Unidentified 2nd Diff

Analyze | Edit Options Datasource Help
i 1 Execute Sequence 3

2 Abart Sequence

A Acquisition 7| peak Locate Unidentified 2nd Diff. Setup
B Peak Locate 1 Unidentified 2nd Diff....
C Peak Area 2 WMS Standard Peak Search Sesich Regiart

Start channel: 1 Stop channel: EEA

D Area Correction 3 User Specified...

r v v v v

E Efficiency Correction 4 Library (Gamma-M}... Significance thieshald -

F Muclide Identification 5 Library (Simple)...

G ParentDaughterCorrection... | 6 Library Correlation NID... | Talerance! 1.00 ket ™ Add ta existing results

H Interactive Analysis... i @ Eregy O PwhM [~ Generate Report

I Detection Limits 3

J Post NID Processing 4 Cancel Help
K Reporting 3

L Save Datasource..

a9 1. 2¥EH A4 93 24

e Search Region: MCA®] g Ao =z 1A 8192a1du] I Ao thall &L 16k
742l Dol A8 9% Stop channelell 16,384 %)

* Significance threshold: ¥ 3 EAAF-E AA A= W e 24, Continuum ¢ 3=

7F gl A5 2ol wWg = A5 o] #s &9 3(¢F 20,

] <

=

=3
AANR Le A9t Wl 3) we )

* Significance threshold?] 2]v]
Net counts > Significance threshold X 10(BKG = Continuum)¥ 724-% 33a= <AA.
kol ol 3379 Continuum®] 10,000counts ©]3l Significance thresholdE 5% A #A
st A9 339 net counts’} 500counts(5x100)0]4 Fojof wa = 1A,
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3.3.

o4 + QEglon Hgwn,

i)

e Tolerance: Energy Cal olUX] wWAHA 379
FWHM deA = 382 + &gk
e Add to Existing Results: 229 33+ 33 A3 o]l E(peak result table) 339}
v af A, A HE Tolerance Bt} peak result tableol] 7}7}
€ 79, o] ¥y3aE o|H| peak result tableo] YTt 714 &)
Aol FaE AHAlL wke] A9 A2 FJAR 1A EA
peak result tabled] F7}. & 7|5& AHsA] &S A5
+, ©l¥ peak search® ZAI}=Z peak result tableo] thA%
=

e Generate Report: °] 7|%5%

A®etal, peak search® AdstH B EZE Fe peak
search 237} fx&

o] Hrt}. Reporting "lFolA9 report A

W= e
v= dA 24
ASE FAEH Yehs o] SAlE ARt 8

» Analyze -> Peak Area -> Sum/Non-Linear LSQ fit

™| sum / Non-Linear LSQ Fit Setup
~ Peak Area Region 1 W 98 Critical level test
Start channel: {40 ¥ Use fired PWHM
Stop chaninel: jauuu I Use fixed tail parameter
¥ Fit singlets
Contiruunm: 14 Channels ¥ Display ROls
& Channels ~ FuHM ¥ Reject zefo area peaks

Continuum function; Step = [ Use DOECAP iles

Residual Search

[ Perfom Search Threshold: 4,00
inimum separation [FuHM): 1.00

RO Limits Determination

Max. Mum. PwHMs between peaks: | 4.00

M aw. Murn. FarHMs for left limit: ] 4.00
Max, Murn. FudHb s for right limit: 4.00
I Use Fixed RO Limits [F Gene

ok | Eancel‘ Help | Executs

9 2. Sum/Non-Linear LSQ Fit setup

* Peak Area Region: 3= WA A4HE MCAe| Ad Aoz 144 81924

e Continuum: 3= ¥l A continuum® Z71& 24

e Continuum function: photopeak W& A4AFA] net countWS A4S Y&l 33 ARE
o FHE AdesfjFolof B, v WEFo] HASHH “Linear"&
Adesia, 339 QEXRHT fFo] =W UStep's AdH.

“None"2 ¢duf~dEZ o ALg
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KAERI

95% Critical level test: Single peak®l] ™3 Critical level(Lc = KaXocQ)HAEE $3
3l A (o] wf Maximum acceptable confidence level&
1.645(95%), 00+ standard deviation of null signal) 7|+ &
9I5%A B =8 Zete FAvES MY A I Fs AT A7
of gagle] BE ¥AE AH

e Use fixed FWHM, tail parameter: 3 33 38 A A9 y¥ &

tE Ftolx] ™
sk 2 oAl dEld stete el o) Y H
* Fit singlet: W42 Peak Area 212 T3 =0l disfiArt & ARt 7Eo % 71
s ’:_E—'.J“‘% 39- Singlet peak® ¥ &
e Display ROLl: 2~#E&# o] 13 ROI t] A= 9]

e Reject zero area peaks: negative X Zero peak area 339 7% peak result
tableol| 4] 2FA]
* Residual search: Peak Locate ¢aglszoll o3 2% &3k 1 37F =R &1 o] 3

He o oA 713 Azt 98 uW 71x JAP=E. Fixed
FWHM, Fixed Tail 183 Fit Singlet 7]%5°] A&#E S of
A ghat,

e ROI Limits Determination: Sum/Non-Linear LSQ 3|7 W4 Al 75 FdA] 2 4=
gkol oJa ROIWel F3dI =7t A=A leAE g
Max.Num. FWHMs between peaksol]l Y3 = Zhuol 3
A7k glew FHIAZ A4, Max. Num. FWHMs for

Left and Right limitoll 9= =& kel <ls] ROIY 95 =
7)(boundary)7} 2A.

idle | Cha ;391 60000/0000.00

MARKER INFO
Next

[Mex]
Prev
Tl

For Help. press F1
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3.4. Certificate LS o] &3k o x| uH

o)
=
T Yo 3 Certificate WL S AFE3Fe] oy x| WA,

o

» Calibration -> Energy Full —-> By cetificate —> 33 EF4YL9 Certificate Y4
(.CTF) Open

-~ | Dpen Certificate File
B0 Certificates =] ¢« B E-
o= =
Old
| STD-AF(150701).CTF
STD-CAN(150701).CTF

|_1STD-CB 0.5¢m(150701).CTF

| STD-CB 5cm(150701).CTF 2015-00-15 313 PM  CTF Th
STD-CF(150701).CTF 2015-08-15 3:13 PM CTF o
|STD-MB lL‘uﬂm\llSG‘ulJ CTF 2015-09-15 3:13 PM CIF o4+
o i )
e oIS [STO-MB 1000mI(1507013
The (T [Certificate Files (=, CTF) =] EES

SESZH)

I~ Append to Existing Calibration

a9 4. N9 A AL 93+ Certificate file B8 27]

HE HPGeo A9, AdL 81920131 A= HUdA = 3000 keVE AA
A ArgstnE AU OHHX]—E ok 0.3662 keVoltl. wala, Aol 0.3662
1A e 99 oyiAS o 5= 9l
2~HAER A ROIE ©]&A7IHA 3l 93 =9} Channelo] HUXA]7]
Ux wgE AU, Auto 5AE AMEEY] oy wAgS

{0

il
(e}

oL
H
PN

A

l

» ROI o|FA171HA H3 odX] o] AE WA -> Cursor —> Accept

» Auto

| Erergy Calibration - Full =] | Energy Calibration Curves
Energy Low Peak Edits Curve

kel cam‘ HM a‘l . Eneigy: | gg54 kel Accept (% Eneray " Shape
H0-0 W “*. e - 5 o Measured Calculated

F 334,47 £ 5 Cursor | Delete I 000
165.86 45402 2 o.oo |
279019 76354  3.15  0.00 Markers | Rerp | 2500
391070 107080 336 0.00 - 2000 !
k

1600 Order of the

K Cancel S Help e | Ussresus | 2 m " polromat (1| -
=
500 ]
P F'eiak r

]
o 1024 2048 3072 4096 5120 G144 FIEB 8192
Channel

Datasowce: CAGEMIE ZKACAMFILE S SCalibration\ CAN[FINCAN301-150300 -5 TD-ME 1000mi(150701).CHF

Energy =-2.8282-001 ke +3.660e-001Ch
PwWHIM = E.930e-001 kel +2.938e-002E™142

,D—KI Cancel ‘ Help J Print
a7 5. 9= oA o AHE A
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S 98 A= TFHAYY ~AEHI Certificate FUE o] &
2o #ANS =EsH, ol& 58 Aoz} .
4.1. 2244 A=
= = = = [e) =]
ASLA7F 1% vivtd wi7bA] AlSsta A4 olFs HFoldto] A% o]
AUA wAHE M FEALS ASA B RE o5 &3
4.2. Certificate IS o] &3 a& uwH
xTAY gk Certificate 39S AF83te] a8 w4
» Calibrate —-> Efficiency -> By Certificate -> 33 EFH Y2 Certificate Y
(.CTF) Open
] Open Certificate File
= SR Certificates Lj & B o B
Calibrate] Display Analyze Edit Of o= = s 37|
Setup. 4 Qld )
Energy Only Calibration. izzgf;‘«t’?%ﬁgi o
Energy Cosfficients.. :smrgevsunfmwm_\ cr 2015-08-15 313 PM
snergy Ful ; W B
Energy Recalibration... = i i . .
Energy Show...
Peak-to-Total
Peak-to-Total Show.
Efficiency b By Certificate File.. '
Efficiency Show. By Nuclide List W OISNy:  [STO-MB 1000507013
i E; St DY YAT):  [Cerlficals Flles (~CTF) =] 514
Alito G4 u.'u;; % By Entry. ﬂ
File .Ga-i;'l‘ Adj-u- & By 1SOCS/LabsSOCS... I~ Abpend 3 Esiching Cabtastion —WD—I
Load...
Store
a9 1588 wAgS A% Certificate file £2]2.7]
= O
4.3. & 14
Auto FAE AHESte] &8 wAHS FI F, Show A= AHEIA A
= A=
s HES 5 Ak

» Auto -> Show
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KAERI
:l Efficiency Calibration -
Energy s ~ Peak Edits: -
i Y Elen? "D] Energy: 5554 (=0 Accept

- 3 Efficiency: 00102 Delete

NEETE]

]
|
1] 1
16586 0.03051 1.03 5
Eror [%]: Cross
279.19 0.02191 1.32 1.12 T053-0ver
.70 0.01668 1.28 ,7
661,66 0.01084% 1.45
89604 0.00823 1.12
1173.24 0.00664% 1.24
1332.50 0.005%8 1.24
1] 1Y

-D04édh

I Perform Cascade Corection

0K ‘ Cancel ‘ Show... ‘ Help | Auto I Usze-results

:] Efficiency Calibraticn Curves I
Curve =
# Dual  Linear
i iri {3
| LowEnergy B Measured High Energy | - B Inter!nolated i
003 - Scale
. . ;
0.03 = — (¥ Lj !
S T Il_lnear " Log
002 I h\s\ - L A\
0.ms .
P o
0005 fder af the I
0 palunomial: 8 x E

0 500 1000 1500 2000 2500 pggicn0 Dt P
Energy [ke¥] I— 4

Datasource: CAGENIE 2KACAMFILE S4C albrationsCANPIVGAN 301150901 -5TD-ME 1000mi[1 50701 ). CHF
IEM] = -2771e+002 +2110e+002I0(E] - 5451 e+0014n(E]"2 + 9.817e+000IH(E)"3
- TAETe001NENS + 2271 - 0024n(E]"S

ok | CanceIJ Help List Pks... ‘ Piint

a9 2. a8 WA T g&uE a4 9@ 3A2

List Pks 24S Alg3sle] 54 383 AX a87te AAE &l 4=
o T & 7F #ol(Deviation)”7} 5% °) Y A & wAo] AAX &

ng Aurgel e-Eh

» List Pks

"7 List Peaks [

A alue Calzulated Meazured Meazured Deviation
P/ ndes [kt il E fficienicy Error [%
1 L9 hh 0.01026 112 0.03
| o | Y .
0.03101 1.33 n.87
0.03051 1.03 -0.58% ~

M
o
w
||V
ol
fol
o
&
)
2
fol
o
=
SE,
<)
2
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oA @y, ag wAel drTW WY HAS AT F Aok A

dR 7} ®5% AAErh Description, EFF.
7198 4 i, EFF. Geom. 1D A
5 Aspe] F )

» Calibrate —-> Store

| Store

HE 2D AN ~] & &k B

o2 ’ S T 22

oLD 2015-04-14 10:02 oo =g

L | CAM301-150119-5TD-CB 0.5cm{141001).CAL 2015-02-10 1247 P... CAL I+

L | CAN301-150119-5TD-CB 0.5cm-sum(141001) CAL 2015-02-12 457 PM  CAL o2

|| CAN301-150120-5TD-AF(141001). CAL 2015-02-10 1246 P... CAL Y

|| CAM301-150120-5TD-AF-sum(141001).CAL 2015-02-12 5:02 PM  CAL m}&

|| CAN301-150122-5TD-MB 1000ml(141001) CAL 2015-02-10 1248 P CAL I}%

|| CAM301-150122-5TD-MB 1000m|-sum(141001).CAL 2015-02-12 5:20 PM  CAL I+2

L | CAM301-150123-5TD-CB 5cm(141001).CAL 2015-02-1012:48 P.. CAL g

|| CAN301-150123-8TD-CB Scm-sum(141001).CAL 2015-02-12 423 PM  CAL o2

|| CAM301-150127-5TD-CF(141001).CAL 2015-02-10 12:49 P, CAL I+

|| CAN301-150127-5TD-CF-sum({141001).CAL 2015-02-12 421 PM  CAL o2

| | CAN301-150212-5TD-CAN 1T(141001).CAL 2015-02-16 5:3Z2 PM  CAL IHg
“ .-"”“ »r

OH DIZeM): [CANIOT-1B0T22-5 TD-MEG T000mi(1 41007y
O HAT |Calibration Files (= CAL) x| |
E2TH)

Descriphon:  [MB 1000mi(T41001]
EHf, Geam, ID: [CF

u
faic)
S

A gA(CAL) AF

5.2. A ¥ E# 7]

A wA 9ds BAseE AHEH E8E 4 9}l Energy/Shape,
Efficiency A3 ARESIA oldA] WA, a8 uA Axs 742 Addgas =

da 7 Utk

» Calibrate —> Load
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KAERI
| Load Calibration File
i SR | CAN(P) -] e B oFEr
LTES = ST LR 58
oLD 2015-04-14 10:02 .. EY =G
| | €AN301-150110-STD-CB 0.5cm(141001).CAL 2015-02-10 12:47 P.. CAL T}
|| CAN301-150110-5TD-CB 0.5cm-sum(141001).CAL 2015-02-12 457 PM  CAL T}
|| CAN301-150120-5TD-AF{141001).CAL 2015-02-10 12:46 P CAL IfQ
| ]€AN301-150120-STD-AF-sum(141001) CAL 2015-02-12 562 PM  CAL @
| ] cAN301-150122 STD IVE 1000mI(141001).CAL 2015-02-10 1248 P, CALTY
|| CAN301-150122-5TD-ME 1000ml-sum(141001).CAL 2015-02-12 520 PM CAL I}
| | CAN301-150123-STD-CB Scm(141001) CAL 2015-02-10 1248 P CAL 2
| | CAN201-150123-5TD-C8 Scm-sum(141001). CAL 2015-02-12 423 PM  CAL T}
|_]CAN301-150127-5TD-CF{141001) CAL 2015-02-10 1248 P.. CAL B2
|| CAN301-150127-STD-CF-sum(141001).CAL 2015-02-12 421 PM  CAL T2
|| CAN301-150212-STD-CAN 1T(141001).CAL 2015-02-16 5:32 PM  CAL T}

| i = '

DH2 OIZ(N):  [CANGOT-150122-5 T0-MB T000mit 1410073

O "y | Calibratian Files (= CAL) | E=E

W ErergpéShape ¥ Efficiency I Peak-to-Tatal Info.

CAM30T-150122-5TD-MB 1000m|
e

. MB 1000ml

120150210 12:47:42 PM

a9 5w 3A(CAL) =827

6. Ba1g$= BA
WAbs w4 A= AR AS AeE sLd 2304 SAHI Wy

=g wFolok k.

N
)
offt
e,
=
=
ofo
N
li
>
nl
e
o2
B=)
My
flo
BN
)
2,
2
ofj
gh
2
>
L
offt

HIE B EE e
» File -> Open Datasource -> BKG AZ3 29 EZ 3U(CNF) Open
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off %] m
» Calibrate => Load —> WA 3Y AH¥ -> Energy/Shape &4 A= -> Load

v EAAR A4
» Analyze -> Peak Locate —-> Unidentified 2nd Diff

= a4 24

» Analyze -> Peak Area -> Sum/Non-Linear LSQ fit
g wA

» Analyze -> Efficiency Correction -> Standard —>Dual

» Analyze -> Nuclide Identification —> NID w/Interf. Corr.

:l NID} plus Interference Correction Setup
-MNID range
Start charinel: 50 Stop channel: 2000
HID library;

|C:‘\GEN|E2K‘\D’-‘~.MFILES\Libraries\GAMMA.NLE Select...
[~ Use Stared Library

v Perform MDa& Test [ Inhibit &cg-Time Decay Correction
Tolerance: 1.00 kel MNID Confidence
l_ threszhold: B30
f Enerigy O Fw/HM MDA Confidence 3
, 5.00
factar:

Cazcade corection

Coincidence e e -
e |L. WGEMIEZEACAMFILE S ool _lib.clb Q

Geometry

Composer file | Select...

- GEOL [~ Use Stored Geometry Data

™ Perform cazcade comection [ Use ISOCSALABSOCS Toatal efficiencies

7 G

QK | Cancel Help ecute

e NID range: &% #H 4] 949, B4 MCA Ag Ao = 5004 81924¢
3 A

i} 3
e NID library: Wagt2=of g4 23ty = AF(HATAENF)S LA A ALE.

‘jl 2Pz} 15.11.24
z W 3: 15/25
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KAERI

3T = L =]
z % o 1w & HJA]"O‘ A4 ‘1":}—\:]' 4497} 15.11.24
= W 5 16/25

Use Stored Library: ¢JolA A 8% NID LibraryS AF&3t= Aol ofyzl dA &4 %

o load® library® EA1 (A8 A] NID Library: 8] &43F 2)

e Inhibit Acg-Time Decay Correction: A=A 7te| tdk Decay BA AA] of 3,
oz 43

243 Sl 3 Decay BAHL 7]EH

e Al

. Genie 2000& Hu 66571744 A H.
* Perform MDA Test: oj® 3 HALASHE O] sl ArtAS =g 7154 (branching
o

ratio)e] W< A9, MDA Rt} @& A #& vz
T HZE Ay &S vAH] A st a9
ARk Al FA]L

oH /\1 = Al

T A=

e Tolerance: 2FEHA ] oYX wAHAFAS Library 49 oy A 7+ Ag HY

L]
r

NID Confidence threshold: #Z#HH L 93l w3 Ao a4 A3, 0(ow),

1(high)

e Cascade correction: &8 A Al, &Y Fo|x ZvlXdo] cascadez T o,
summing effectel]l 23] A WEE R} @A A H} oo O
3 H AL Cascade correction®|2} s}H, o] 7|52 Aldd 3"

O

7AZ7]19 Peak-to-total calibration®] Zojoqt A &71%

3k,

MDA Confidence factor: Peak Area parameter setup?] "95% Critical Level" A ®

A Vs AE. 8 S 425% MDAE o,

ST=T

WoEhes A, B4 shng Woge=s Age.
» File -> Save

Woshes B, PA R Wogess Seer
» Analyze -> Area Correction -> Std. Bkg. Subtract. -> BKG Y Select

| Setup for Standard Bkg. Subtract '
Background Subtract

[ ‘Yes  BkgFier  [CAGEMIEZKACAMFILES\CalbrationtCt

[ Lsge Stored Backaround

Talerance: 100 [ v 95% Critical level test

* Energy { PwHM [~ Generate Repart

Cancel I Help ‘ Esecute

a9 2. WageE B4
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7. SAIFA A
Genie 20009 &ATAF HAS ¢34+ peak to total calibration, &%
of gt EAIFAIEAY, geometry description, EAIFA B A& AAFE

AxH

7.1. peak to total calibration
Genie 20002 FA1gAF BAS 93} peak to total ratios T3F7] 93l
A o2 AFsh= point sourcesE  ©]&3tth 1 pCi®l point source
set(!Cd, °"Co, "¥Sn, 'Cs, **Mn, %Zn)S AF&3}e] peak to total ratio=
A3

5743 point source®t WMIagtE U S B9 A peak to total ratios
AlxFeE, 7 point source?] AFMEGHLS oYX A, I3 SAoqF A, I
El

WA A4, &% w4, A5 wANK FAd F Aga ok,

oint source A2HEZHL BT Q.

» Calibrate —> Peak—to-Total —> P/T Fileso] &A% p
A9 EZ E#9Q7] -> Extrapol. Chan.

7] -> Background Fileo] £33 @1z &
150 44 -> OK

[P/ Calibration ==

Calibrating Files

File Extension: Enf Directary: not selected

les: [CAREIT-CO-TOSCHF - =
PATFiles: | = N301-CO5] CNF <
CAN301-CS-137 CNF L
C AM301-N-E4, CMF @
CAN301-SM-113 CHF
C AN301 -2 M-E5. CHF

Backaround File: CGENIEZENC AMFILESWCalibrationC AMF
I~ Use Stored Background '

PTEG- Parameters F‘;’T—data in the opened datasource
Extrapol, Chan, [150
h . I Murnber of [B
Svg Window |4
[terations: |2 [ Add new data to existing ones

0] I Cancel J Help |

13 1. point source 2FNEHLE B0 7] 93 P/T Calibration &
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ML 19T, Cross-overs AASEL

al
-
TS -Z‘fo gttt Cross-over 7| o2 ¢ s 2245 ARSI 919

» Cross-over AA(391 keV) -> Show(2xt2]e.2 ¥ ¥g) -> OK

P/T Calibration Entries =2

Energy ke¥  P/T Eror  Cross Poak Edits

28.4292 0.598 0.249 focept
122.4432 0.631 0.303 . EEOE —-——-—]
391.9058 6,409 1.407 X Energy:  |391.505 e Delate
661.7014 0.231 0.179 0309217

£34.7968 0.202 0.385 wr, Mew Record
1115.5609 0.164 0.647 Error (% [1.4072

Cross-over
Help Frow 0K I Cancel J

" | Peak=to-Total Efficiency Calibration Curves _SK |
| LowEnergy B8 Measured High Erergy |
07 i Gcale
3 1
gg r'F\\ =% Lingar ™ Log
04 f \\1 Do o
rder of low .
gg ,I R energy poly: i s I = I
o1 Order of the
0 polynorial; 2 it k
0 500 1000 1500 2000 Pl o P
Energy [ke¥] l— 4|
Datazource; CAGEMIE2KMNCAMFILESACERMIFPF.CNF
InEF) = -1.546e+001  +E6.166e+000°(E] - 6.321=-001%IH(E) "2
INEH] = 22342+000 - 5.775e00190(E) -+ 1.170e-00Fn(E]2
oK Cancel | Hels ] List Pks.. | Print

219 2. peak to total ratio =4 A &

peak to total calibrationo] €85 %W wA HdS A = Q) oY
= &

A wAg, aF WY AR A A = w2 AY T 5 9l

» Calibrate —> Store

58 94 {3t FEMYoE= Co, B8y 59 o] EATAL
S Yoy o] BAF a&S AFET Favt Yk

» Calibrate -> Efficiency —> By Certificate -> 3% FEFAY9Y Certificate <
(.CTF) Open -> Perfrorm Cascade Correction +4 A€
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oo g3t HA A HAS el E 7.1 peak to total calibration 1l
Aol A AY, A o] Bej7] HojdojoF st 3l s a5 7]
Stz W3t Geometry Composer fileo] ¥FEo]x] ojof 3t} Geometry

Composers= Genie 2000 Geometry Composer User's Manuals ZFar3sht},

» Geometry Composer file -> .GIS A€ -> Auto

| Efficiency Calibration L& |
Energy Peak Edits:

kel Efficiericy Errar [%]

Energy: RO.54 (=0 Accept

u . E fficiency:
122.06  0.03109 1.36 = y 0.moz3 Dejete
165.86 0.03062 1.05 = 2,
279019 0.02281  1.42 = Brrerd 118 Crass-over
.70 0.01678 1.2%
661.66 0.010%2 1.47 =
898._04 0.00860 1.21 = - Caszcade Correction
1173.24 0.006%98 1.33 = i ;
: & 5 eometry :
-}ggg_gg g_gg?jg }_gg : Composer |C:'\GENIE2K\|socs\data\GEDMETHY\LabDrE Select
filkes
I Use ISOCS/LabSOCS Total efficiencies

¥ Generate Reports
I Detector Charactenzed for LabS0CS Gearmetry Composer
W Perform Cascade Correction

k. ‘ Cancel J Shiow. .. ‘ Help J Auto | Uze-results J

3. a8 uy A FAF 24

N

o H (e} [
SAIEAF Aol B F8S Abgeta, AFEY BA A #@F @ Ao
A SAIgAE BAgS A g

» Analyze —> Nuclide Identification —> NID w/Interf. Corr. —> Perform cascade
correction 4 A& -> Geometry composer file A€

Cascade comection —

Caincidence |C:\GENIE2K\E.~'-‘«MFILES\c:ni_Iib.th

library:
Geometry

Composer file | Select. .
GED) ™ Use Stored Geometry Data

[ Perform cascade caorection [ UseISOCS/LABSOCS Total efficiencies

¥ G

0K | Cancel ‘ Help | E necUte

o3 3. 328 oA Al FA

xt

0

fol
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8. MDA AXt

H 2725 (Minimum Detectable Activity, MDA)= of#e] A& o] &3)

o] Axtgrt

Up-

2714465 «

som-LY-tS

Mgkt 23k, o B8, m AR, I AvPEE, 0 ARSEARE

’

» Analyze -> Detection Limits —> Currie MDA

| Minimum Detectable Activity (MDA) Setup (el
Caonfidence Factaor: 5.00 A
W Performn variable RO| widths: RO width: +4- 00 FiadHM

¥ Use variable MDA constants:

Add Constant: 27 fuiltiplier: 465

Cazcade comection

Coincidence oY I — -
i IL,. GEMIE2KACAMFILES ol lib.clb Q
Geomety r: : ] e =
Cateanili | AGEMIE 2K MzoczhdatahGEDME TRY L aboratary e

-

ak I Cancel | Help E wecuh

2% 1. Currie MDA Setup

» Confidence factor: Confidence level2 95% = AA31x & A 7)o 5.0% 4H.
Confidence factori= 0.1%(high) ~ 40%(low) Alo] 3t AF&. o] %k
£ Nuclide Identificationo| ¢ <d-&¥ ). Confidence factor?}

R

0.1%Y¢ 7% Confidence level2 99.9%, 40%%Y 7% confidence

level2 60%.

e Perform Variable ROI Width: MDA 7#A4FA] ROI®] = Photopeak?d #-$ WS AA.
whek AR S 79 Currie MDAl 9= 4.0FWHM, KTAY]
749- 1.25FWHMe|] tZE 3k
e ROl Width: Unidentified peakel thd MDA AAkA] HE5+E= ROI He AA. 0.8
FWHMe| # 4 A A,
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e Use Variable MDA Constants: MDA AlAtel] Alg% = $249] A<=(Constant)9} +9

e Cascade correction:

F(Multiplier) & AH&A7E A% 8. 98t &5 4
% Currie®] MDA #A%4HA] Detection Limit(Lp)= k? +
2kog = Co + Cio0 , 9 7|4 confidence levelS 95%,
k=22 A¥gd A9 (Cyladd constant) = 2.71,
Ci(multiplier) = 4.65.
Summing effect correction®] NID TAA o] Fo]xtiH
Coincidence library 3¥o]& o] tj2~Zgo]¥ il Perform Cascade

Correction A ¥ 3}H summing effect ®HA.

1%
i
i
gl
X
e
f
i
I
ok
=¥
%0,
i

Z

e G5 e
T‘]?f

Section Name(Header, AreaCorrect,
Execute &S Ad¥ste] Z47+o A¥3s &9 & ok
4ol B UL AFHU Ao RPT
C:'WGENIE2KWREPFILESWname.RPT=Z A%t}

» Analyze -> Reporting —> Standard

1 Execute Sequence }

& Acquisition, ,,

B Peak Locate

C Peak Area

D &rea Correction

E Efficiency Correction

E Muclide Identification

G ParentDaughterCorrection,.,
H Interactive Analysis...

| Detection Limits J
J Post MID Processing }

- v v v v

NID_Intf, MDA)<]

‘6(%"1 ‘;Ll i
4 gag AdEde] Aald] TINY FHS A9 4 Yok 19 29

b e gA e A,

spele] 4w ol

K Reporting 1 Standard,.,
L Save Datasource. ., 2 Print Spectrurn, ..
3 Print Enhanced Spectrum,.,

EERREE RO

» Template Name A ® -> Section Name A # -> Execute
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KAERI 17124
| Standard Report Setup == | standard Report Setup "
Template M ame: T 1 Templats Name;
Liesions EALCHIERAETFILRSY Directory: CAGEMIEZKACTLFILESY
Section Name: m Section MName: W
Error multiplier: 2000000 Enor multipler mﬁﬁ—
- Start o - - Dutput to— Start on ~ Output ta
[~ Page One I PageOne
I™ New Page ¥ Screen ¥ New Page W Screen
¥ New File | [ Printer [~ Mew File [ Printer
Activity Units; |Bg - Multiplier: 13?000 Activity Units: [Bqg . Multiplier: W
oK | Cancel ‘ Help ‘ Exactil ok | Cancel ‘ Help ‘ Ewecute
[ tandard Report Setup I=[Etandard Report Setlp ==
Template Mame: | ] - Termplate MName: ; TH
Diirectany: CAGENIEZKACTLFILESS Directary: CAGEMIEZKACTLFILESY
Section Name: |NID_Intf LJ Section MName: MDA -
Errar multiplier 2.000000 Errar multiplier 2000000
Start on - Output ta -  Start on Output ta
I~ PageOne ™ Page One
¥ Mew Page W Screen [V Mew Page W Screen
| T Mew File ™ Printer ™ MewFile [~ Printer
Activity Units:  |Bg - Multiplier: 13?000 Activity Units:  |Bq - Multiplier. 137000
ok Cancel I Help J Esecut oK | Cancel I Help ‘
o8 2 A A AE A R ga
* Template Name: 23 o] tht 1070 FA o] 3. E& ANALYSIS.TPL AH&-
e Directory: 23 34 A& A=
* Section Name: 7} TA|(section name) A® F “Execute" clicksiA A3 A7,
WAbs A ol 88 RE WA B, duA B &8 w4, 9
Zo, WA 4 9 w4 MDA A4 Gain 24 S)7h derhsl
i, o] B AHE Bauxt @ A9 Al AR 28k ARk
< 9% W= 747 9 7. Headergs A¥etil New File® Ads}
A g A AR BBl AMEA ern dA e BA Az
o] mpx]uprrio] A& Section Name AIp7} o]ojF. whehra, A =&
A& 4 Al ‘New File” A4,
e Error multiplier: 34&8%= ¥3kelx} k

Start On: Page Section®] A2

A3 g oAl o]e]A. New file
e Output to: Screen& AFEZ 3}H Uol] A3} Fo
dAHE THER Z¥
e Activity Units: ©¢] A=

o] x| Al A]Z} New Pagei= @A
& A2 FAERPDE A4

A3}7E ®olal

, Printer= F3FE <l
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A% Ay =8 Az w7 (Execute sequence)
A 9 A AAE WHEo] AFEE 5 Q)

» Edit —> Analysis Sequence —-> Step Selection —> Insert Step

| Edit Analysis Sequence

Step Selection: Edit Steps
Acquisition =
Peak Locate Inzert Step
Peak drea

Area Conection

Efficiency Correction
Muclide dentification
ParentD aughterCarrection
Interactive Analysiz
Detection Limits

F'ost NI D F'rocessm

Save Datasource

Delete Step

Select Algarithm...
Setup Algaorithm...

Current Staps:

Pesk Locate - Unidentified 2nd Diff.
Peak Area - Sum / Mon-Linear LSO Fit |
Area Corection - S5td. Bkg. Subtract
Efficiency Carrection - Standard
Muclide |dentification - NID w/ Interf. E
Detection Limits - Currie MDA
*Reporting - Standard

*Reporting - Standard

*Reparting - Standard

ey

l]l

7 T ; [

il T} |
Sequence Preferences. .. |
QK Cancel ‘ Help | Load... | Store... ‘ Execute |
1% 3. Analysis Sequence 23

* Step selection: A3 &3 Axpel ELgFstarat s WHol(step)s ABE F A5 A

AZ, J3 4, 2848 9 23 AA47HA
e Edit Step: Current Steps©l é}d, A7), dugE Ad g A
¢ Current Steps: 25 A3 A5 91 W ol(step) 22 74
e Load: 7]<&9 "HE0]% Sequence ¥ & 2.7

Store: Sequence #7%.

Execute: Load® Sequence 2!3j

9.3. Sequence A%

AbE R A

2% 44¢

» Store —> File name %4, Seq.

Description 2HAd

)3t SequenceE A%

-> OK

:J Store Analysis Sequences

'EE|

File narme:

Seq. Description:

|GaMA+HDATEST) - ASF

| Gamma+h D ftest]

Directary is: CAGEMIEZ2KACTLFILESY
Ok I Cancel | Help 1
1% 4. Reporting Sequence * %+

1l
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9.4. Sequence I3}

=
WA s A A3 23S gk Sequenced A E

» Analyze -> Execute Sequence —> A &3 Sequence A ¥

Analyze | Edit Options Datasource Help

1 Execute Sequence » BKG

2 Abort Seguence | Spectral Data Report

A Acquisition . Energy Calibration Repert

B Peak Locate i Efficiency Calibration Report
C Peak Area ; Gamma+MDA(CF AF)

D Area Correction ¥ Gamma=MDA(test]

E Efficiency Correction , Gamma+MDA

F Muclide Identification » Gamma-except MDA(CF.AR)

Gamma-except MDA
GAMMA-except PS MDA
Gamma-only MDA(CF AF)

G ParentDaughterCorrection...
H Interactive Analysis...

1 Detection Limits 1
1 Post NID Processing » Gamma-cnly MDA
K Reporting ; Library Correlaticn

MDA Analysis w/Report
NID Analysis w/Report to a file

L Save Datasource...

13 5. Reporting Sequence 2! 3}

10. Display A A
A EY Fo] yaEFde] WHE AT 5 U
)G = CANN-SO914-BRG-EPTY.CNFS e p—

Fle MCA Calbrste Diply Analze Edit Options Datsource Help
|| =[o|sluls|

idie ch nts: 146 Preset: 80000/30000.00

Acquire

) s
Expand On
C—Clear |

ROI Index:

MARKER INFO
Next

ForHelp, press F1 Execulion Status: ready

BBBke/  FWHM, FWTM: 1.436,2728ksV
9. B134keV  Gaussion Ratio: 1.042

BI00ke/  ROI Type: 1
702% Integral: 985
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10.1. Preference A #

BA7pe) 7] 5o weh oA

» Display —-> Preference

j Display Preferences

Edit Colors

& Spectrum Background
" Reference Spectrumm
" Compare Spectra

ROl type! C1 263 4
" Peak Labels
Fed: | |
Green: 4| | |
Blue: ] |

Feak Labeling
v Display Muclide |D on Spectrum

Plot Mode
" Mormal
" Full
= Envelope
= Fill
Spectrum Labels
I~ X-fwis Gridline
I~ x-#fuis Ticks/Labels
[~ X-fuis as Energy
MC A View

= s 2=~ o
dols A4AE 5 Ut
=)
Update Infarmation
Update Rate: [0 secs.

[v Feal-Time Expand Update

I~ Y-fuis Gridline
™ Y-fwis Ticks/Labels

[~ MCA-only menus

" fAscending & Descending USE LA
i e ‘ = . W Control Panel Shown
¥ Display Peak Infarmation ¥ Show Activity Status Pages..,
Muclide |dentification Source: 0’7 St?tus Fde Bt

" Lib Li & Analysis Result perations

: raf" i e ibthetl [~ Askto Save on Clear

Energy Units

eV = keV " MeV " Other Interactive NID. .. ]

0K, Cancel | Default ‘ Save | Help I

1¥12. Display preference

~HE
ZHE

e Spectrum Background: ©j| 4]
A O
A HE &
~HEH
ROI type: ROI type A¥l

Peak Labelling: Peak

oy A

Reference spectrum:

e Compare spectra: H]al

Energy Units: e A4

10.2. WAFS &S] o
WAbs 3

Library A€

Library A%

Av} o= EY

A1 A
A

» Interactive NID

AR f2x=EYgol(peak IqF 5
ervﬂ

#el w7

|y

el

| Interactive NID Setup
Tolerance: [RED ke # Energy ~ FWHM
MID Library!  [CHFGENIEZKAFC AMFILES WS TOLIE, NLB
Activity Units: UG " Bg o otherr |
© pCi « kBg ¢ mBg
Conversion factor; 1.0
‘ OK. Cancel | Help |

33, WAlLs

e Activity A} WALE <

IRt

A (Red, Green, Blue® Z%)
2~ EH o M(Red, Green, BlueZ %=4)
o] M(Red, Green, Blue® Z#)

tl=Edo)

L

L o

%]

Select ...

&9 @ Library A#

A71el wel g AdE7bs “Bg" 71
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8 SE A= 7
z, ,z F AE Z dALE AEERA AP | gg99: 151104
0, - %W 5 1/9
KAERI Nal HZ&7] °]&
1. AE AT

AFEA AR Algs HIZPARE AAsta BRE 24 EEsEE AAYE I
gt EA Al sk AlRE S48 SXleke HE o ofd] AXfe] whh F=H] g
2-1. 4a7]+

1) 9 7](Hammer & Chaffcutter)

2) w371(GFJ-3070G)

3) z&x7|(Electric chamber type furnace & Electrically heated ceramic

chamber or Fisher(ISOTEM, Oven Model 177))

4) 3]3}Z (Electric Muffle Furnace, #C-MF)

5) A&(Top loading balance : 0.4~ 2,100 g)

6) SAL7I(1L vielden#)

2-2. AAe] By
@O =03 A5 A BolA BZFAEFE 5 A7
© NRE HT T EA)R EAs] SAE/AL shelde Al G os
S
® Aol FHEEAE FF AL AU A WBY F ZAARE
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Aet +600 VE 7k,

=eaig-

Gamima Measurement & Analysis

HE | WHESH 2227

LETY 22|

- 0O x
s - g x
c ~E | EEDN
] NE | ®E W
Channel : 934 (ch) Energy : 3005.0 (keV) Counts : | Sample ID : s
S =0 N3
s A2
¥ EE NEE=|paEs
015
1500
Real tir 1813.63 secons ds
Live 1800.00 seconds
Dead time ¢ 075 %
ENS 270 Sonts
Atz VoA QmDE
I it 1 Ll
praya 1579.5 19039 2230.7 2560.0 2891.6 32258
Energy (keV)
N/A NiA

AZHH 2
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Channel : 579 (ch)

Energy :

6209

238.0

1257.5 15795

Energy (keV)

19029

= =2 71 1_]: C .
Wsie- &
3
o Ha
FUHM [1EMIXI98.CTF =)
Saurce —
E(CH) = A B CH + C CH2
LT (keV) g F¥HN
P00
.68
513.99
£61.65
95,02
1B CELE
133248
1836.01 500 2.635E001
(BEEE LEn) LEE

BHo 510 =Lals
o] &2 1836 keV &= Y3t
= o] TZ]‘
X} o | E—jw % .

R=h = 5}lo. o]
te] HolE U BE dyA] q& ¢
AAS 935S AAZ &= “slol”
ﬂad"iaax}7d“‘r g‘ll_\_‘
oL B | s

BL S nE Ha
& Energy FYHM [1BM1X188 CTF -]
"
|
T T T T T T 1
SOUMCE m—Ff
E(CH) = -6,552E+000 + 3, 121E+000 CH + 1 04E-004 CHZ
Rz =133
[ Mimkew g FYHI <]
| 59,54 229 3.23E+000
| 8,03 250 2SEOE-000 |
| 122,08 434 3.040E+000
| 165,65 571 4, 741E+000
| 320,07 1056 6.384E+000
| 301,68 1285 1.033E«00] I
| 513,99 1667 1.223E+001
| 661,65 225 1.459E+001 =
L= ] [ a8 | [(=#2 | [3=2 |

/A

A
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© 0 ®

% W 5 5/9
Nal FA&7] o€
D EZ2A EdS By
@ WAL EFAY A S Y & g8 wHgS SY3IH

ot
o
}:_|
ol

TH 2 g J

[TEMI138 |

=i
A

T T T T T ' i

® Source = Fit

IT=IE) = & BIIEI0T + =4 ToE I3 TAiE) + ZIBIET I Tn(E 2+
=4 BH1E+007 In(E) "3 + 594364001 In(E) ™4 + -3 979E 000 IntE 15 +
1 10IE-001 n(E16 ' ' :
R*2 = 1,0018
HILA (ke ES(%)  SEIM%) HMRAR) £
85,03 1, J46E-001 0.1 0.0 '
122,06 1,527E-001 0.1 0.5 P
165,85 1, 486E-001 0.1 1.6
320,07 B, 534E-002 0.1 5.4 =
391,68 £,033E-002 0.1 5,2
513.99 4, T57E-002 0.1 4.3
B61.65 4,333E-002 0.1 5.3 &
=2 [ |[=Zd.] |[=fen]

@ w3 AT MES o) gate] AlAFT.

4
o AeAE Has .
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Nal H&7] o] &

3. B4 Y

2AE Age Mages AT AHAE-GS FH3IAL, AE AR AHEY BAMS F3)
o] elAlo] §alls 1-131, Cs-134 183 Cs-137 &Fo] AE Az EAARE <13
=

WLk mA el ASE AR e A ERS 30wt SATH
-

@
@ “54 - 7@ el A WAbs A2
@ =

SEaL
S o AR Rl AEAIRY] FA B AlRAAE AT

===
201=21e| Ba/ka
[Foomgi =] | wo BET & 0 [SIPRE SaT 3 NEEE
[EEE uz == WY 20I5-11-17 215306 T+ MEZT  0E |
AR tkeV) =7181(%)
117321 £0 @90
133248 + 0 993+ 0 CE
i
: DB 27| ==
| L=z =2 ||
[ & [ am ] [EXED R R
3ilol 5= sl & BA] S A 5
@ﬂxé '\J}EJ/} BHZ%/I\J—Q—E }1\:]_"]-(15__ oW —%«Zja Exéé_‘:]'
“x3 97 ES = A<dHE H o) aLsl = = 3l0)3
=]
s#2 = DY H4  g5sm Wsvie- &
B D& @ L L

b

ZEANT 2015-11-2417:23:13

1200
SEN2 Realtime: 120035 seconds
Live time : 120000 seconds
Dead time : 0.03 %

53016.5 counts

1257.5 1579.5 19039
Energy (kev)

N/A G2 H| A
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E F WA AEEA AR
Nal H&7] ol&

= _ _ _ =] == - B -
154 1-131, Cs—134 18]a1 Cs-137 @l tigh AF4 44
= 2} "7l =835 q.

1 = X1 o]' ~ = ﬂ' .
B ] =P _,nUﬂL_ ]1 s =% B ]H]HQO 3lLol & 2~ o]q_
i 1_.“‘l7é; 01}\ "1(‘:'1_""1/\1 o = = U = AN .

p ———— - )
| Z8d [ =8 |[ m3=as |[ mass  |[Eas/M0A [ EHEm | | RTEE | f=E]

waren HAE =RED wean =

o 2 | EivLeeD3 Develo WEH T 21N 2 02_HPGet 0] Mﬂwm,gj\lg,mgg:ggmwna SW -

TR W00 _TH 2 01 & R TR . IPET. i al_BKG, MNF &

A L 2015-11-24 2% 5:23:13

B4 doi

A & 1D :EM

HEEig

AIEXMZI 2I]15 11-28 2 34411

NE

AT 2015-11-24 @ = 5:23:13
12 Live tims 1200.0 seconds
Aeal time 1200.3 seconds

=2AT00%

2 7] NakTh

HLTA/ 7S W= : 2015-11-24 2= 5:23113

nET NaLCHMDI,N A

HALS BATH 2M5-11-28 03:45:02 Page |

T a7 2R wrmEr
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