J Nucl Med Technol
Vol. 22, No. 2, October 2018

Original Article

Purpose

Materials and Methods

Results

Conclusion

Key Words

S| ASas T S A

t

]
=

JiS2icistm oiol= MRS SOl

D

A Suggestion for Counting Efficiency Management of the
Automation Instrument

Jun Mo Park, Han Chul Kim, Seung Won Choi
Department of nuclear medicine, Yeouido ST.Mary’s hospital Catholic University, Seoul, Korea

Quality control of instrument takes up a large part in the Radioimmunoassays. The gamma-ray instrument,
which is one of the important instruments in the laboratory, observes the condition and performance of
instrument and performs quality control of the instrument by measuring the Normalization, Calibration,
Background and etc. However, there are some automation instruments which can’t measure the counting
efficiency of gamma-ray meters, resulting in insufficient management in terms of performance evaluation of
gamma-ray meters. Therefore, the purpose of this paper is to manage the quality control continuously and
regularly by suggesting how to measure the counting efficiency of gamma-ray instruments.

In case of a comparative measurement method to a gamma-ray instrument dedicated to nuclear medical
examination, the CPM and counting efficiency can be obtained after the measurement of normalization by
inserting the 1-125 200 p L(CPM 50,000~500,000) into the test tube. With this CPM and counting efficiency
values, it’s possible to calculate the measurement of the DPM value and count the CPM from the automation
instrument from the same source, and enter the DPM to calculate the counting efficiency using a comparative
measurement method. Another method is to calculate the counting efficiency by estimating the half life using
the radiation source information of the tracer in B test reagents of company A.

According to the calculation formula using the DPM obtained by counting the normalization of gamma-ray
meters, the detection efficiency was 75.16% for Detector 1, 76.88% for Detector 2, 77.13% for Detector 3,
75.36% for Detector 4 and 73.2% for Detector 5 respectively. Using another calculation formula estimated from
the shelf life, the data of the detection efficiency from Detector 1 to Detector 5 were 74.9%, 75.1%, 76.5%,
74.9% and 73.2% respectively.

Although the accuracy of counting efficiencies of both methods are insufficient, this is considered to be useful
for ongoing management of quality control if counting efficiency is managed after setting the acceptable ranges.
For example, if the measurement efficiency is set to 70% or higher, the allowed %difference between
measurements is within 3% and the %difference with the detector wall is set within 5%

Counting efficiency, Gamma-ray meter
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A&7 AlZ7]= Wallac 1470(PerkinElmer,Finland)©]
A3 = RIA-mat280 (Stratec biomedical systems
AG,Gewerbestr,Gammany)2t) 7} AR& = 21t}
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O AgAnPIAIEY ) A=de] W 2] 3] Normalization
S HApellA AREEE A9F W] 1125 200uL(cpm;
50,000~500,000) A © 2 Normalization &4 3}H-& A=
'&o] Yo, o|AE o|&3te] EJAZF(Counts per
minute, CPM) x 100/A1&E& 2] o) tf Y3} 215 2o 2 Bt

B3 Z}(Disintegrations per minute, DPM)-2- 131t}

@ 2e A9 AAFINE CPME 45t 187
wp 72 7] 04 71251017 DPME ) elatol 1S E 82 24
s

Ex) CPMo| 98178 ol Al&a-& 83.17% o|H DPM-2
118045. RIA-MAT280%4 CPM©] 92549 Y49 Al&E &2
78.4% o]t}

3. A =™

@ AAFBAF AJ2F ] 1-125 tracero] X 93k A K& 0|83
w717] A2 34 8 3 tracer [-125 100uLE 3t} o] o

I-125 tracer= A1 2 o).

@ HAFE344]1,2 Detecterd cpmS =3 3ic},

® SV A SJ3 AZEEE TR,
(& Tracer #8710 AP 91912871 e e

4. Calibrator [I—125] Set(Institute of Isotopes
Ltd,Budapest,Hungary)d|

Ona =AW, Al =AW, Calibrator [I-125] SetE 55}
7} o) ASE S-S v mak),

5. HEZHAZ7 12| Hal

o

2wl 0 2 ARREE 1255 15~75 keVe] 116-9] oy %]
FANE 7HA AL Y} AEAPAA ST o] ASEE2 T 719

o3, 15~44keV(Photopeak;P),} 15~75keV(Tatal spectrum;T)
9] §49& H|& AlLF2?l HorrocksEfficiency &4 %o zith
(Fig. 1). o]3= "P/T" ratio g2 2 2 o] 2] 2tk wi-o] 3k
W H 9317 witell Hefshrkar dEA] k.
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A& 7 AZ7] 2] NormalizationS: Z74ale] F&kalzl
CPM-2 341 142912 o] 3L A|SH &2 ¥t 83.16 o|c}. o] mf 2k
Z2)o|| oJ3le] 5teizl DPML 171852 ojt}. 22 Aoz
AA5317g4]1 oA cpmmeasurement 7|52 2 187 A<
3+ & AlZ% o] 2 CPM-& Detector 1 H5-E] Detector5H 7FR+=
129161~131482 o]x1, H&HuPAAZ oA Aats]oizl
DPM<- o|-g-3}o] 412 ol ofaf 751 Detectorl o] A5 8&
2 75.16%, Detector2= 76.88%, Detector3-2> 77.13%,
Detectord=75.36%, Detector5+ 76.51%2 7+ <= QJt}. &
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Detectorl 2]

AZEEL 78.18%,
Detector3&  76.84%,

77.74%% -5} 3cH(Table 1).

Table 1. Counting efficiency comparison of measurement equipment (comparative measurement)

Detectord—

Detector2+=
77.09%,

Detector5+=

T o g oF 157 Fol vhr] S7d7 dAl-sshdv]
0.1~1% th o] zfol& Kol 2 s}

2 Detector'd
O,

%) tH(Table 2).

AgAHA S

AAFE e 1

CPM A&7-8(%) DPM CPM A& a-8(%)
Detectorl 142807 83.2 Detectorl 171852 129161 75.16
Detector2 143228 833 Detector2 171852 132128 76.88
Detector3 142773 83.0 Detector3 171852 132556 77.13
Detector4 143041 83.2 Detector4 171852 129500 75.36
Detector5 142167 82.8 Detector5 171852 131482 76.51
Detecter6 142888 83.3
Detector7 142491 83.2 A =31AH] 2
Detector8 143298 83.2 .
DPM CPM ASa5E(%)
Detector9 143628 83.2
Detector10 142798 83.2 Detectorl 171852 134347 78.18
Av. 142911.9 83.16 Detector2 171852 133352 77.60
SD 415.5763 Detector3 171852 132044 76.84
CV% 0.290792 Detector4 171852 132473 77.09
Detector5 171852 133598 77.74
DPM 171852

Table 2. Comparison of counting efficiency of measurement equipment after one week (comparative measurement)

AEAAS7]

RS 1

CPM A& F7-8(%) DPM CPM A2 8-8(%)
Detectorl 130429 83.7 Detectorl 155936 119148 76.41
Detector2 130919 84.1 Detector2 155936 119684 76.75
Detector3 130875 83.6 Detector3 155936 120396 77.21
Detector4 130230 83.6 Detector4 155936 119256 76.48
Detector5 129927 83.3 Detector5 155936 118874 76.23
Detecter6 129610 83.8
Detector7 131187 83.9 HAAE31AH] 2
Detector8 130825 83.8 DPM CPM AZ2-8(%)
Detector9 130628 83.6 Detectorl 155936 120657 77.38
Detector10 130716 83.7 Detector2 155936 119261 76.48
AV. 130533 83.71 Detector3 155936 117927 75.63
SD 487.991
Vo 037384 Detector4 155936 119023 76.33
Detector5 155936 120328 77.16
DPM 155937
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2. Ant=EE

ThE Q1 A2 of] Tt ed X1 245813 12] Detectorl
AZE-EL 74.9%, Detector2= 75.1%, Detector3-2 76.5%,
Detectord<74.9%, Detector5: 73.2%= 7819t} th2 A=}
FPgu2E 2o i o g 238 31H e Al&8 & Detectorl
o] AlZE 82 76.3%, Detector2 73.4%, Detector3-2 72.6%,
Detectord= 73%, Detector5+= 75.1%= T3}tkFig. 2)
(Table 3).

ASEaES] Ade 47 Aot A #s 4 =
Calibrator [I-125] Set(Institute of Isotopes Ltd,Budapest,
Hungary)" 2 T-<Jalo] 2743 7} 4] o] A& 5 8- 2870}
AAZ71E 79.7~80.5%, AAFE3} AH] 1L 67.2~69.6%, A}
&3} ]2+ 70.5~71.0%2] AlSEE-S T8 StH(Table 4). 1)
&AW AxFEAH | Calibrator [1-125] Sete] Al 71X A&
g4 WA= A3 12] Detectorl-2 242}t 77.0%,
73.9%, 69.6%% H Y3l Ax=341]29] Detectorl-& z+Hz}
78.0%, 75.8%, 70.5%2] A1ZE &S Ho] A 71A] 4 W 71
oA 2ol & K Itk(Table 5)(Fig. 3).

- -0.693 x /T °

A= Agx expt * M Bagizizy  [AISEHL B Ex)260000

A= Agx 172t maemn | 0¥ B0 22
= A 2=y

100ul=t Bg

=i gk = 5 (ml) x100

100ul dpmH =
(A0)

100ulS} Bg x100

2 Fafp A=Al Ex)42
or
-T=60.1 T ENE = FN3 x21 Z4Wh/60.1
t=ZAtY (©.5)¥" XS A 4k POWER(O.5, t/T)

cpm o=
= N=a
H == 2(%6) ‘4*3%?

Fig. 2. Radiation decay formula and calculation formula using Excel.

Cepm /X2 Huls XS dpm(A))

»x 100

Table 3. Comparison of counting efficiency of measurement equipment (calculation measurement)

A& AA S 7] AAE2HH] 1
CPM A5 A E(%) CPM AZEE(%)
Detectorl 40777 78.5 Detectorl 38896 74.9
Detector2 40277 77.6 Detector2 39005 75.1
Detector3 40514 78.0 Detector3 39707 76.5
Detector4 40472 77.9 Detectord 38881 74.9
Detector5 40522 78.0 Detector5 38040 73.2
Detecter6 40750 78.5
Detector? 40987 78.9 AR 1A 2
Detector8 41324 78.6
Detector9 41330 79.6 CPM ASEEC8)
Detector10 41785 80.0 Detectorl 39616 76.3
Detector2 38100 73.4
Detector3 37692 72.6
Detector4 37903 73.0
Detector5 39012 75.1

108



=

=
t—I!’T'_‘E' 7|:|I =

ron

- ZSE. XS] AEES 2

xS

Table 4. Comparison of counting

efficiency of measurement equipment using Calibrator [I—125] Set

A8 A5

AAs2bg 1

CPM AZAE(%) DPM CPM AZaE(%)
Detectorl 120462 80.5 Detectorl 149641 103817 69.6
Detector2 119572 79.9 Detector2 149641 102839 69.0
Detector3 118964 79.5 Detector3 149641 100242 67.2
Detector4 119570 79.9 Detector4 149641 102334 68.3
Detector5 119391 79.8 Detector5 149641 101531 67.8
Detecter6 119547 79.9
Detector7 119693 80.0 AR E3AH] 2
Detector8 120450 80.5 DPM CPM A= EL(%)
Detector9 119335 79.7
Detectorl 149641 105439 70.5
Detector10 120150 80.3
Av. 119713 80.0 Detector2 149641 105711 70.6
SD 491.143 Detector3 149641 106300 71.0
CV% 0.41027 Detector4 149641 105453 70.5
Detector5 149641 105847 70.7
DPM 149642
. a5 Table 5. Comparison of counting efficiency for automation
' N instrument using Comparative measurement, Calculation
e AN O N A measurement, Calibrator [I~125] Set
740 L ~F / \ e / 775
/ \ _ H =4 AAFZEA Calibrator
720 X’lz ZIH 1 T =0 1l 1:. kel
ke \ // At [ 70 — PEEREN | =800 | AZEECH) | Set%)
765 =7
B = \V ¥ Calibrator SET Detectorl 77.0 73.9 69.6
66.0 760 *=
L R Detector2 77.3 75.1 69.0
640
620 — — 750 Detector3 78.1 76.0 67.2
& » LR T T
R A G S Detectord 77.1 74.7 68.3
& o ¢ Qe\g, Q@\a S & oz\g, g &
Detector5 76.1 73.4 67.8
Fig. 3. The comparison graph of counting efficiency for automation HAAE31A ] 2
instrument using Comparative measurement, Calculation
measurement, Calibrator [I—125] Set. Detector2-1 78.0 75.8 70.5
Detector2-2 71.5 74.5 70.6
Detector2-3 76.3 73.5 71.0
Detector2-4 77.3 74.3 70.5
Detector2-5 77.9 75.5 70.7
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Table 6. Counting efficiency between the methods at a one week interval

1% 2= 3= 1% 2= 3= 4%
ANSA | AXSE | ASE Bt Sy | HuEy | Husy | HuSd Bt
sl
Detectorl 74.4 74.9 72.3 73.9 78.2 75.2 76.4 76.4 76.6
Detector2 77.2 75.1 73.0 75.1 77.9 75.5 76.7 76.7 76.7
Detector3 78.3 76.5 73.3 76.0 79.0 76.9 77.2 77.2 77.6
Detector4 77.2 74.9 72.2 74.7 77.9 75.2 76.4 76.4 76.5
Detector5 76.4 73.2 70.7 73.4 77.1 75.1 76.2 76.2 76.1
AR-53dn|2
Detector2-1 76.9 76.3 74.3 75.8 77.6 78.5 77.3 77.3 77.7
Detector2-2 76.8 73.4 73.2 74.5 77.5 77.5 76.4 76.4 77.0
Detector2-3 75.1 72.6 72.8 73.5 75.8 76.6 75.6 75.6 75.9
Detector2-4 77.1 73.0 72.8 74.3 77.8 77.1 76.3 76.3 76.9
Detector2-5 77.4 75.1 73.9 75.5 78.1 77.8 77.1 77.1 77.5
AxssPdu| M ASEESES 7Y A2 2 343 A IS L R E ARSste] (A1RE A ol) A
An v o] Jid o A nluSgiy Aldlx 22 o] AX|B}A= EUAAIRE, o] 2§k A E viAIgE F ol 2] Aok 5
Detector7} 13] 2} 78.2%, 23] x} 75.2%, 33] 2} 76.4%, 43] =} oA I-125¢] vk7] 9} A X] w]= A2k ] tracerS A &s)e] =
76.4%2] AZE-& 2 x}o]E B 3 Detector'd 1~3% AZES A AL 3R, FHS 2 3 SA oA 2L Detector”}
o] ztolE B4t ANESAHE2 22 Detector7} 13] 2b F AT AN E Hit 2~5%3}o] & Ho|H AlZg g tiih Y
74.4%, 23] 2} 74.9%, 33] 2} 72.3% AlZE-&2] 2}o]& HJL AR e A2 BTt Ad E71) AR5 AALB
Detector 2~5% A|&8.8-2] x}o]& K cH(Table 6). A} U] 1-125 tracer= A2k 2o} Ea) Hukzlr) of A x)5)4] &
5= gRlste] A &g DPMakS AA] K3l U o) A3 o] &
EHQl A2 o Fakgich vhek, 2 Ao W E

& o33} A9 A oA ARS-E = A E 7] 9] AlSE &S
AREA 0 2 70% o’ A& A& Aght}. A8 A ST
9] Normalization =7 A] Ho]:= A|ZE 82 82.8~83.3%= 9t
A7 g ol v]&AA2 “’J HorrocksEfﬁ01ency~ A}
&317] Wlolth. o] AL 7 o 2 g AAlEegm| o] vlulEA
Hog 7+ ¥ Y3 Z4L2 DetectorlHe] A 15 2}
77.9%, 25 2} 75.5%, 3F ]—7 7%, 45 2} 76.7%5 A3 3
) ASEES HATAE ZIA, ol = A= AA] &85 4
Asta A3te FoolAE g Al AlSa g 3he A Al &
Arkar B A, 7&2} e A grjete AE5H A A}
Aol o] 7} okl & 7 Qlok. ARS A oA ARE-gE A
oF ] tracerd] WA A Y 32 HHZ O 2 FAE oA LIl A|

oF A=A}t &2 A ¥kzE7](Physical Half Life)7} o} 3}38}

Hoox d
o o o

a7 28 s}
1

o) gaow o

A
£ F-olE staat gt
Calibrator [I-125] SetZ T-J5ke] 23yt 2-s3g1]1,2
o AZEE -2 v uSHH 7 3%, ARIEHE L 74.7%,
Calibrator [I-125] Set-& H1F 69.7%2 LFER o] Ft}. o] T HF
H.2- Calibrator [[-125] Set:. D}%-S— ASELS Holr gt
ASEES SR Fokla 7 0 ol i Aol & B
e}, A3kt DPME2 &3l ¢+ Calibrator [I-125] Set2 =3
& AISAH o] AS A S| FEsirtar A EHAR AT o] AS
W 7k olg] W Fste] ASEES Amde] e delA S35
o= B-82Ql WS aelehA] %2 = |lth
H R ST ARISA] ASEE] @%‘*é& v 53HAI Rk,
delH Ao m njluSg e S8l A T ASEES B
2B ol & 0, ASEE2 T0%01d, S T ASE S 3
£ %differencex= 3% ©|W], Detector wall7}Fe] %difference=

: oF
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