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International Proficiency Test for Radioactivity by
Gamma Spectroscopy Evaluation of Results

Ji-Eun Lee"-Yeong-Rok Kang'-Hee-Jin Jang'?

-Yong-UK Kye"-Wol-Soon Jo'-

Jeong-Hwa Baek":Chang-Geun Lee"-Dong-Yeon Lee?:Hyo-Jin Kim"

YResearch Center, Dongnam Institute of Radiological & Medical Sciences
2 Department of Radiological Science, Dong—eui University

Abstract The method for verifying analytical technology in the field of radioactivity measurement involves participation in
a proficiency test(PT), Proficiency tests are mandatory requirements of ISO/IEC 17025 for maintaining calibration and test-
ing laboratories. These tests are intended to evaluate the analytical capabilities of laboratories, identify problems, support
corrective actions, and verify uncertainties. We conducted a proficiency test on the Environmental Resources Association of
America(ERA). In the field of radiochemistry, we participated in RAD 136 and compared our results with those of 24 lab-
oratories world wide, The analytical capability of gamma nuclide was evaluated as satisfactory, warning, or unsatisfactory,
according to the Z-score of 1SO 13528, The radioactivity of "*Ba, "*'Cs, ¥Cs, %Co and ®7Zn contained in gamma emitters
sample was measured and analyzed, and all the result values |z|< 2 were satisfactory according to the Z-score evalua-
tion criteria, Hence, we received the result Laboratory of Excellence.

Key Words : Gamma spectroscopy, Radioactivity, Proficiency Test, Z-score, HPGe detector
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LT A A7 7 sE BAL Ysle] GC4018
HPGe 71Z7](CANBERRA Inc.)& ARE3FIc}E GC4018 A
=719 21732 63 mm, T-E 40%°]™, 1.33 MeVolA] 1.8 keV
o] Halfs= 7t} AH|9] ARRkS Table 10 LRI,
HPGe HZ7] AA| E/\J—P CRM= }127101] AHleke o] w
aA= 9] w7, as
JJ_7<4° ??EJZJJ( P‘E—T’*J(Korea Research Institute of
Standards and Science, KRISS)9] Ag4do] EHE Ql5H
ZEZ(Certifies Reference Material, CRM) ARSI
QIS =L Marinelli Beakerol] B2 1 0 A A¢S
2 Zbd e o dE(1071)0] 23 Wik Qe RTE
olEFEEA| 23} | AHEe Mam 0d, YCo,
W0g, A0y, By B9y g 00 W By S0z AEo
Lo 59,54 ~ 1836.05 keV oU7] H9IE E3tsiH o5
Table 20 YeRSIct.

Table 1, Detector specifications

Detector GC4018
Corporation CANBERRA
Operating Voltage +3500 V
Diameter 63 mm

50 keV ~ 2 MeV
1.8 keV at 1,33 MeV
40%

Measurement Range
Resolution

Relative efficiency

Fig. 1, GC4018 HPGe detector(A)
appearance inside the HPGe detector(B)

and CRM(sample)

2) Proficiency testing (PT) sample

PT A= 2] Hlo|do] 10 mi2 5550 e W A=
2 RS ARgle] pH( Aez WESo] Al S A
/\]EJE_ lSSBa, 13403, 13705, GOCO \}l GSZHQE ‘_rL}\éE]%Q—D:] _El-_
X 9% 3 RS W9IZ Table 39 LERIIE, Aol b
AE Ba(10 mg/€ ), Zn(5 mg/€ ), Co(10 mg/0 )%= EFH=|o]
e,
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Table 2, Certified reference material values and Uncertainties

Nuclide Energy (keV) Photon emission intensity(%) Activity (5q)"
HAm 59,54 35.92 1440 + 58
Pcd 88.03 3.66 7133 £ 290
122,06 85.49
o 419 + 17
136,47 1071
e 165.86 79.90 405 + 17
>'Cr 320,08 9.89 42852 + 1800
sn 391,70 64.97 1032 £ 42
sy 514.00 98.5 1380 £ 56
YCs 661,66 85.01 627 £ 25
N 1173.23 99.85
Co 1010 + 41
1332.49 99.98
By 88,04 %370 1821 £ 73
1836.05 99.34
Y Confidence level: approx. 95%, k = 2
Table 3, Analysis nuclide and radioactivity range
Nuclide Specific Activity (pCi/ 1) Half-life
9B 10 - 100 10,54 year
13cs 10 - 100 2,06 year
YCs 20 - 240 30.05 year
%co 10 - 120 5,27 year
%7n 30 - 360 244,01 day
2. T = N Fq. 1

1) PT sample Az 2 Hr s 24

SR EEEL RS LT

PT AR 3ol Az Bx
o}, uloleke A Aol F4
st ol wlolas wglos

M 2 gole do] T3lalo] 2% Hos 1 ¢ & 9EQc) PT

A7 WA HPGe

A=72 24319 1S Fig, 2

of] eI, 1SO 18589—-3;2015, HASL 300 Ga—012] 7+
np EEA] AAE 2851513, 14]. PT Almet 22 7js)

o) E - Z 3T =

I%ch HPGe 4

o
mlo
>.
%"
Oll

22 Aglel A R BE W
2719 PT 412 719] A2 0 an,

ZAAZES 160000 s, AR Z3hE SHEE0] AL B3}

T7F 1% vlgk, 2341 HDead time)©] 5% wlgte] HEsE =
gkt S53t PTAR O] AHEF
A =S AL "WARs= 7] Sfall Aol 97
B2 94aE ZFRE o =

X 840 B4 9
Eq. 13} 2t

FI

/\]~Q—o}‘0:] 7+ 6]-]—-—_4

%o
Oﬂlrgoﬂi_l

l

It
¢

eX PoXt Xm X Ky X Ky X K

A7 e 20249 Al47A ASE 347



CRM measurement > Background
measurement
S PT sample
Peak serach i measurement
N
v
Background subtract
Energy calibration i
Peak search
v ¥

Efficiency calibration > Activity analysis

Fig. 2, Experiment method flow chart

2) Proficiency testing Z—score B7} #'d

ISO/IEC 17043, 1352891 W} Z—scored 71502 A9
Al B 53 JURICH16], Z-score= Hoi7|HolA AlE
T gho] <9t Al 7|oll A gt ZIEgia Ao HolA
EAE YeAY}, Z—scorex Eq, 2 o] ARKIY Z—score
4 W= Table 49F 2},

. (x—X)

T SDPA Fq. 2

oA7|A, x 1 AN Bk PT 4k
X : ZA] E= Robust ool o8 2= 7+
SDPA : #4319 #5384} = Robust EZ2HA}
7Rk R =9k JriE 9t =Eat

Table 4, Z-score levels performance

Performance  Color

Evaluation ~ Code

z Score less than or equal to 2.0 Satisfactory ~ Green
z Score greater than 2.0 and less than 3.0 Warning ~ Orange

z Score greater than or equal to 3.0 Unsatisfactory ~ Red
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Equation y=a+b™
| Adj R-Square 1
Value Standard Error
1600 B Intercept 021431 0.04812
1e Slope 0.36613 2.19678E-5
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Fig. 3, Energy calibration result

2. PT WAls &% Zn}

RAD 136 <#= AJ3lo] 2470 AgAloA] AnS Al&311
T}, BEAmEpo gL [SO 18589-3, EML HASL 300 Ga—01
5ol ARSEIQITH13, 14]. 247 Ao FBa, *Cs, PCs,
%Co, P7n HFo| YAFsS HATI] AESIAL). oA
2 58 WAE HPGe AZ7)2 243} PT AR9] HARsS
Table 6] th AFA Waks 4 A3E Fig. 40 Y
R}, ¥Ba(30.816 pCi/e ), Cs(26.662 pCi/l ),
91Cs(48,197 pCi/e ), 6000(84 320 pCi/e ), ®7n(294.854
pCi/e )= HAkse] SA=UCE Fol| w2 satisfactory
range=""Ba (25.2 - 34.7 pCi/t ), *'Cs (21.2 - 33.8Ci/0 ),
¥1Cs(42.8 = 55.4 pCi/e ), “Co (73.3 - 99.1 pCi/t ), ®Zn
(254 — 334 pCl/ 0 )o|¥t}, ERAY] certified value®} H|wgH
A1} 57l S W AdRlel 0.4 ~ 4.8% oWHE 5%E HA]
oadeh W‘ﬁE /\1340“ Zolst gigso] AgAlo] satisfactory
rangeS WS AE HolFieh e PBa, ¥'Cs &
ol thsliA] 17 A A0] satisfactory rangeE Holv= 2
15 AlEselct
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Table 5, Calculated and Measured Efficiency

Nuclide Energy (keV) Measured Calculated Difference (%)
Ham 59.54 0.012100 0.012100 0.00
%cd 88.03 0.032000 0.032010 -0.03
Co 122.06 0.042130 0.042440 -0.74
Co 136.47 0.042630 0.042630 0.00
¥Ce 165.86 0.041860 0.041110 1.79

SIcr 320,08 0.027690 0.028460 2,78
13sn 391,70 0.024690 0.024610 0.32
®r 514.00 0.020460 0.020200 1.27
s 661.66 0.017010 0.016910 0.59
By 898,04 0.013760 0.013740 0.15
“Co 1173.23 0.011400 0.011450 0,44
“Co 1332.49 0.010370 0.010450 0.77
By 1836.05 0.008080 0.008050 0.37

Table 6, PT Performance evaluation results

, Reported PT result Certified value )
Nuclide ! ) Satisfactory Range Z-score
(©Ci/ 1) (©Ci/ 1)
1333, 30.816 31.3 + 0.56 252 - 347 0.366
Bics 26,662 28.0 = 0.29 212 - 338 0.271
e 48,197 47.7 £ 0.47 428 - 554 -0.289
%co 84.320 84.0 + 0.55 73.3 = 9.1 -0.296
57n 294,854 284.0 £ 3,01 254.0 = 334.0 0.048
40 38
122, @ Reported value 134 [ ] eported value
38 Ba Reforence value w] ©® —&e‘f]er:n:e v;\ue
''''' Satisfactory limit ------ Satisfactory limit
36 34
34 32 "]
g " an" g " amw
g gt g .
. 30+ apunmmn® = 284 — LN
g ] g ]
Q Q -m
< 2 LI < 24
24 »] "
224 " 204 ®
é Lll tIS é 1‘0 1‘2 1‘4 1‘6 1‘8 2‘0 2‘2 2‘4 % Lll é é 1‘0 1‘2 1‘4 1‘6 1‘8 2‘0 2‘2 2‘4
Participiants Participiants
& 137, 0, L] eported value 360
e e o . Refuencevaue ENETEET
wl Satisfactory limit 104 Satisfactory limit wld e Satisfactory fimit
—~ 544 ] - —_ eE —
ész ann = - = 320 LI ]
2z --'.. 2 an”® 2 300 e
= ma® = " = awnt
g 484 - g e am g s
46—.....|| 804 n 201 Il...
444 am
260 -] -
Q24 e
40 T T T T T T T T T T T T 70 T T T T T T T T T T T T
0 2 4 6 8 10 12 14 16 18 20 22 24 0 2 4 6 8 10 12 14 16 18 20 22 24 240 é L" é é 1'0 1'2 1'4 1‘6 1‘8 2'0 2'2 2'4
Participiants Participiants Participiants

Fig. 4. Reported results for activity values of '®Ba, "**Cs, '*'Cs, %°Co and ®zn
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o= FHslo] 2B=E BrIvhs WO, BY =2 7t
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2 AEaS, SARAAT BAoIxjo|n, BY Beleg 3y}

A Qs 2 3 B B, S SRl et Bl
A= AT} Ul 3714 Bo® sloldl 4he H8sIeT,
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Table 7, Example of Uncertainty factor and contributions

BAM = S Folle Ao FastHRE ofof thgh B
< siitt, SAESE AL Al A=z oF 95%0)4] oF
3.6 ~ 4.8% = FA=SIH, 28k 7|0 = Akl Aa} A
=8(counts)¥} AE&F-E(efficiency) F 249 Tlo] 98% ©|
Aoz B8 a9l 5 7R & 7]of"E 7,

4. 7—score

AR 237) 7123k Standard Deviation for Proficiency
Assessment(SDPA) 3 285}0d 57} 39%0] Z—scoreS &
7}510] Table 87 Fig. 50 Uehict, & Ag4o] ¥Bao)
7—scorex= 0,366, Cs& 0,271, ¥'Cs= 0,289, YCok= -
0.296, ¥7ni= 0,048 0|tk 57l 3% e | 2| < 25 =3}
ek ¥ics, Y0 SE0] AL 247 AFAe] BE Z-scoreS
TSI, PCs 3l disiA ] AlgdAle]2 < [ 2] < 39
SgElo] AuE Woka, WBa, “Zn Fo| tieiae 22 1
A 71BE0] 2| > 30| FFEe] B s Wkt

Uncertainty factor Type Estimation Standgrd Sens?tiyity Uncgrtai.nty Ur?oerftainty
value uncertainty Coefficient contributions  contributions (%)
Counts A 4011 84,9400 0.0004 0.0370 38.75
Efficiency B 0.0169 0.0004 -103.3407 -0,0463 60.68
Gamma-ray emission intensity B 0.8499 0.0020 -2.0561 -0.0041 0.47
Time A 160000 0.0010 -1.1E-5 -1.0E-8 0.00
Weight A 1 0.0010 -1.7475 -0.0017 0.08
Coincidence summing A 1 0.0000 -1.7475 0.0000 0.00
Decay of radionuclide B 1 5.0E-6 -1.7506 -8.0E-6 0.01
Decay of reference date B 1 2.0E-7 -1.7476 -3.0E-7 0.01
Total Uncertainty contributions (%) 100
Table 8, PT Performance Z-score evaluation results
Robust Mean Standard Deviation
Nuclide : o) A Z-score
V’:’;?ngs) Study(%)" Study (units) Study(%)"

¥Ba 29.9 95.7 2,38 7.96 0.360

Bics 27.5 98.3 3.16 11,40 -0.271

YCs 49.1 103.0 3.16 6.43 -0.289

%co 86.2 103.0 6.46 7.47 -0.296

®7n 294 104.0 19.80 6.75 0.048

UIndicates that the values are reported as a percentage of the formulation/certified value
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Fig. 5. Z-score for '®Ba, 'Cs, "*'Cs, ®Co and ®Zn nuclide

3

dr
r&i.&
Mo
> K

9] ep/dat Al=dE B
Aol e siglct. BAS
TEAS o§slo] o] Y 9 B wHo]
AL AIY 9713 ERACIA Algshes Ales 1%
g 22871, AR Fu) o2 AS AlRE FHlste] HPGe
=712 A= Wiks 34 9 A5 Ep.1 28310
Are& AXsIGIT), B8 W71 SOl S s g
4= qlong Eshwof tfglh Bl v Fasitt < Al

88, I UEE, AR SYARE AR A o) SR
Aaa 24 F 5 B, T 7Yl tigh ¥ 4=38s)
L Zp7Yel Bl QAR aghslel SAESIEE ISkl
_EJ_\:]' 75:,_} /\] Eoﬂ :T’;@‘% 133Ba’ 134CS, 137CS, GOCO, 65Zn 33%
O] WS-8 30,816 pCi/l , 26.662 pCi/0 , 48.197 pCi/e |
84,320 pCi/0 , 294.854 pCi/e o3, 247 A3 AofA]
Xﬂ%ﬂ' 133Ba, 134CS, 137CS, GOCO, 65Zn 5_‘14%_%9] —‘73 ‘TD_L%}:‘%
29.9 pCi/e , 27.5 pCi/e , 47.1 pCi/0 , 86.2 pCi/e , 294
pCi/0 o1%iet. == AIF 7oA Aet 7legk2 313
pCi/0 , 28 pCi/Q , 47.7 pCi/0 , 84 pCi/¢ , 284 pCi/¢ ©]
itk ERA9 certified value®} v|wgt Aut 57 g W5 A
o] Zoli= 5%= {A| 29t} ERAoI= ISO/IEC 17043, ISO
13528 7]z0]| we} Z—score® B7}= 31tk 571 o] of

A

-

b

tlo
by
K

rO
o\
il

)y
e

e

Y oo
=
°

4
off
e

o oY

ot

m

3} Z—score= 0,366, —0.271, —0.289, —0.296, 0,048% F
7WEIa, |zl<2 71E ofE mE RiEsich PBa,
P7n g i 247) AR 95.8% 7h TSR A
5 kAl Hos, Pics, ¥Co 3Eol disials 2471 AgAl
W& 100% WSk A Wkt Sufolla] Hofeh SHw
AIE(20199 ~ 20221) 9] A< Hcs, ¥Cs 9]o]] 'Cr, *Mn,
*1Co, “Co, Y, '"Cd SFo] wakslo] AL, Bt 4N
Sgol| ol E-Asle] AnkE AESIAL 7 —score® H7IRICE
ERA9| 79 ™Cs, "Cstz =l 8= Al@T FUsI%om
“Co, ®7n, ¥Ba A&7t ZgE|IL B O BF) 41 =
Wl Ho} @kl Z—score2 B7I5h= Ajollo] EAsIT =
ok =] A S3EE AJgo] o 18] =R ERAS] 79
<l 43] zlgY=lo] UAo| gho] S Aol FKE 4= A=
o] et A ST AlolA] Pt BgEAo R 9
TEAS Falete] WAMY g 24 24 st Al
< FAF R QRigro @ o5 E-8510] KOLAS 17/A]
§ 2oke] AgAS SEsIYleh e AlES Bl el A
27 & = 9l9lom o] 7|3 Aloje]l 2 7]
of tigt dagut AlEPds gestlct 4714 3
A& o= A 9 ookt Als &4 digh

ri
E
El

I

i

i

i
of

J
o:
d

_grlgn'ni
K3

>
Qb

2

o
g
()

ok
i
4y o

50
filo

e
5
d

p)
o
=

Wb 7| &3 2024 Al474 A5E 351



0| R E- A - A G- Y- WA T o] T o5 A - A EX
Vv ?Ed 2 [5] Dziel T, Listkowska A, Tyminski 7. Proficiency of Y

ISO/EC 1702501 wfe} A/ A1 71eke 915k $ai
SRl A3 Hof T ARJoIT), B Aol FuflolA
QUAMRS: Zhu B Aol W2 A O 24 9 A

5elo] el Aee FAHom Bokslr] $js) )
AN S ) Sl Aldel Hols L
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