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ABSTRACT
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Self-absorption is the most important factor affecting the accuracy of gamma spectroscopy measurements in
environmental samples. In particular, it is affected by other factors such as the chemical composition of the
sample, geometric shape, thickness, density, atomic number, distance between the sample and detector, energy of
the emitted gamma photon, and humidity coefficient or percentage in the sample. To test the calibration method,
a 450 ml CRM standard source (9 nuclide) Marinelli beaker was used. Five soil samples among environmental
samples were measured by density by applying the corrected values. Therefore, it can be seen that the
self-absorption value is more effective for somewhat large and low photon energy. In the case of environmental
samples, it was confirmed that the overall energy peak efficiency through self-absorption of the source greatly

depends on the density of the sample.
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Fig. 1. Monte Carlo simulation of the HPGe detector
and Marinelli beaker.
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Fig. 2. Comparison of radioactive decay schematic.

=, 3 Yazs FE5EE y4o] A A & E(total
efficiency)©] A STE y19F y27F y39F w4 &
2 Cascadesl= 4%+ y39 I2 AFE S7Ha

W7} ek B3 a;, a7F a2 B U3 F9] 2 Cascade

st A a, a7t 27 delyAE A&7 A
Ao a9 peakell Gt ATl 7|oAE
gk 5 a9 peak A& FUbshE &¥UL EHAY
gk 5 y3 A T FE2 y1 20 AAEE
of AT 1=1 92 A% ( 7Eq. )¢+ ZomH,

[ =330 3%( 73)3)% &k

Qa
€ =€ [% +_(17f2 2)

l ayy ) 6 (2)
+ (- AT)A— T+ 21— £, T)]
a, a,
as: a
63_63[%; ai;(l—f4T4)]+ f1€9€9 3)

Al A A9 FF-
E 77k Hj &= A9
ot 25 R F9 P go] F
SER=

/el) (E,r, z)PT(E,r, z)rdrdz
PT= .

€]
/ e, (E,r,z)rdrdz

3. 4€7] 2 959, 79 HAY Penelope
A EF o)A

(a) Cylindrical beaker (b) Marinelli beaker

Fig. 3. Monte Carlo simulation of Geometry for
standaed sources.

533



The Effect of Applying Self-absorption and Coincidence Summation Correction when Measuring Environmental Samples

Penelope code™ HPGe FA=7]9} Ady ¥ vlg
de] HAE Mgl ARSHALH, o=
HPGe 7&7]19 A4S A7) 98 B d7AE
o] Ab&& stal itk HPGe AE7] B2 EG&G
Ortec GEM30185 HPGe= Fig. 33} Zt} AlgR 9] A
g e HAY AFarier des

A ek ABdold Astel AES 94
49 CRM 50, 450 mlol Al Al & o] A
X}Xﬂ T 2 AR BASe] ass

N~
EFEFAY S4o0A ANE Wgo AAF
4 w3e wAgstel BN R

A8 T EYAEE AMESHY A
=7l SAGAT. EFA B Dol w7}
7} 0.84, 1.04, 1.32, 1.59g/cm® It} D=2 9l
st AAEFT AT S TS

III. RESULT

1L AAEFT AT

Table 1014 T34 ol A ol =] H2](59.59
~ 1836.01 keV)2] 7 AAGF 2% ©]
W A elelA] & dAFE HSsHT

Table 1 Relative deviation between experimental and
simulated full energy peak efficiency values with
self-absorption correction factor 450 ml CRM

self-absorption

Energy (keV) experiment simulated correction factor
59.50 0.03261 0.03284 0.99
88.02 0.05615 0.05642 1.0
122.06 0.06673 0.06698 1.0
165.85 0.06116 0.06152 0.99
320.08 0.04255 0.4255 0.99
391.69 0.03682 0.03711 0.99
514.00 0.02922 0.2945 0.99
661.66 0.02316 0.02347 0.99
898.02 0.01739 0.01754 0.99

1173.24 0.01920 0.01938 0.99
1332.50 0.01237 0.01255 0.98
1836.01 0.00983 0.00999 0.98

2. BA &4 A AF
BAUHE S g AE 37| 98] “Co= 5 em 7o
A ESAE & dyx] ~FEAS LERATH

=

1000

Ammm—ear oew

Counts

9 500 1000 1500 200 2500
Energy(keV)

Fig. 4. Gamma ray spectrum of 0o,

Eq. (1) ~ 3)° we} “Cod] F oA 3= o
3 FATA WA ASFE o Eq (), (60 ZTh

1
kyjrg = ————
173 = €352 (5
1
k’ ) _
1352 Puirs (6)
1- €173
1332

_.O—L_‘,
s 5
[=n
e &
N
i

N
=
o,
Ir
i/
-z
i
=
~
O_u

A3 Z (ol PCoyoll el &8
A3} 2% ol A A3 S

f
ol
ol
Q
ax
oo
rf‘

«— 450 mI CRM

100000 :
- soil

Count

Energy(keV)

Fig. 5. Comparison of 450 ml CRM energy spectrum
with soil.

534



"J. Korean Soc. Radiol., Vol. 17, No. 4, August 2023"

Z} 3% peak-to -totat H]= Eq. (5), (6)° <A
st F3ksit).
911 _ P(59.54)
Am r(59.54) = 16050+ C
P(88.01)

19 cd r(88.01) =

A(88.01)+ C— Py(22) — Py (25)

P(391.) + P(255)
A(391.)+ C— Py (24) — Py(27)

136n 1(391.) =

P(661.)

e AWG6L)+ = P, (32)— Pu@7)

6(661.) =

o714 A= SAHE v 2FEH L] peak
A E olste] AAl WA e, c= AoHA (0
~ 20 keV)oll tisted 9jitstel F3 WA P(E)=

=X

ol LA EQl FA} peak?] net WA O 2 WFEIF
of tja) ®AF 7= o]t} Table 2+ HA A57}f
T 2849 v BE FEAT oEdTE RS
HolFEoh

Table 2 Peak-to total ratio for the HPGe detector
(50ml)

g} ofel] HlE) “Co H ¥y Sl g &t
SAEA Alewk Aol GaAzE Ao

Table 3 Comparison of experimental and simulated full
energy peak efficiency values with coincudence
summing correction factor

Nuclide Energy (keV) Experimental simulated  CSF

1173 0.01377 0.01395 0.98

60

Co

1332 0.01237 0.01252 0.98

898 0.01739 0.01748 0.99

88

1836 0.00983 0.00998 0.98

lo

Table 45 T3] AA NdXA jqig]. % 582
Q #Q A5 Agoln Pepde] F47h 29
F 140 keV W] oo wigA T A
7] W] we olux Wsled A= e
< A oy AelA, A AyuA da a8
A GRe) FA 57 v

o

_—

W bl

lo

Compton 4Hgh 3
DA oW ENA AA FA oA FFHTF &
AEH7] dixoll AA a&HT wEA "o, =
g A F fh2 thA Ao w2 FAp oy Ao
o S & F Aok AlEdelAd @ 54
el Ay AAFT EFORE QIg w2 oy Ao
A 2% olWle] e g dXE HoFrh

o

tlo
O

Nuclide Energy(keV) Peak-to total ratio (50 ml)
M Am 59.50 0. 682 o
Table 4. Full- energy peak efficiencies and corrected
%cd 88.02 0.625 efficiencies for coincidence summing of multi-gamma-
itt
o 122.06 0.571 emiters
. i Corrected
139 165.85 0.552 Nuclide Energy(keV)  Peak efficiency Efoff(r:iegniy
e 320.08 0.431 2 Am 59.54 0.03188 0.03261
113 109
Sn 391.69 0.304 cd 88.03 0.05585 0.05615
gy 514.00 0.249 o 122.06 0.06625 0.06673
139
1376 661.66 0205 Ce 165.85 0.06039 0.06116
Ser 320.08 0.04219 0.04255
" 898.02 0.182
Y gy 391.69 0.03644 0.03682
1836.01 0.142
8¢y 514.00 0.02882 0.02922
1173.24 0.166 5
0co Cs 661.66 0.02280 0.02316
1332.50 0.158
o8 898.04 0.01711 0.01739
Y
1836.01 0.00957 0.00983
“Co B ®yol gt B A5 32 Table 39 1} 0, 1173.23 0.01349 0.01377
0
1332.549 0.01214 0.01237

B ATt AA | A daset F ogfel AA 9

535



The Effect of Applying Self-absorption and Coincidence Summation Correction when Measuring Environmental Samples

3. 33X s 38 2 53

Fig. 62 0.84 ~ 1.59 g/lem’o|t}. Bk Al 5. 2] #HA|

T a¥%e 4R 0.849 1.04= SVt whet 2
2%, 145238} 159915 dxol Frbol wal
S S I~ I~ =]. O 2~
AAFTAT7 SHEE & Ak
—— 03_49-'&“13-
1.20 & 1.04 glemd
—~&— 1,18 glom3
- ¥ 1.45gcmd
115 = T +— 1.59 glemd
é | |
EE]]O - ™1 .
g [ ] L a -
E“Iﬂf} =" -8 . % |
'g A & A A e
= A A A b b b b oA
Ewo
v y—v-—vvv i
v v P £
oos| T - Lt
P
0.00 * * -
o8 0% 1.0 11 12 13 14 15 18
Density{g-‘cm33

Fig. 6. Self-absorption variation with density for soil

samples.

2 #A Aol e] e we
o) Wakt 2, 37, A A8e

0,036
'y
0.030
‘k_ —8— .84 g.'c:m'3
[ LA . 3
0,025 [\ g 9'“’"3
r —&— 158 glom
> YL
E 0.020 “ A
= ®
0015
g ) a .
0.010 LS
L
0.005 " —3
TR
e
0,000

1] 2000 400 600 8OO 1000 1200 1400 1600 1800 2000

Energy(keV)

Fig. 7. Efficiency for soil samples different densities

450 ml marinelli beakers.

Wb BE olUAe A4 BEe AR
AR ek Bae AAFE A

el

HoH

ol
o}

Atole] At AleE Aol A
A3 =4 Fig. 7914 w9 Aot ol A
A7t S7FeE of A% grol Hashe
T, ol= A5 AAol kg
7F ¢ & Yxol7] ot}
T, 3t 24 dEvt e
U 33 a& ghell Jde We
b ogite] 3 A8
T3 JA A 94 528
ol &3, EYAlR HAASFT) S
LERRTE ol st Afo] AlEEE WET)
wjiZ-o] o}

2
o2
>,

B>
Tz odl o rle
i)

2o

>
fTf

tlo
fo x
Moo 2 oy 4y 2 o lo

o ¢
M
o e

o
-
o it &l
o
—_>‘4—”4

rlo o,
oz o
e
o
ad Lo

e
lo

o
4
Lo U =

O
—_
A

+
Y
o B =

5 I

IV. CONCLUSION

s
0}4}]1 hin
ol
o
2
2
N
3
it o
¥
ME,
ff
>,
i Mo m (x
X K o

tlo N o flo

EDgTTCY

it

B

82

Nl oy

o

=

=2

R

24_,

©,

N

ol

2 o
iiﬂlo
-

I
\O
.

o)
. Bw
N
2

o

X
e
ot
bt
N

X
o|\
P‘L
&
o

X
e
N,
Gl
oft

ol

2 o_>L

o :

rJ

m )

Ol

ol

4%

o

<

oo M & 3
pol e T O pob &L oo il ol S

B

Reference

[1] O. Sima, "True Coincidence Summing
Corrections-Theory", International Atomic Energy
Agency(IAEA) Technical Visit on Coincidence
summing and geometry correction in gamma
spectrometry IAEA Laboratories, Seibersdorf, Austria,
2010.

[2] M. L. Abbas "Direct mathematical method for
calculating full-energy peak efficiency and
coincidence corrections of HPGe detectors for
extended sources", Nuclear Instruments and Methods
in Physics Research Section B: Beam Interactions
with Materials and Atoms, Vol. 256, pp. 554-557,
2007. http://dx.doi.org/10.1016/j.nimb.2006.12.056

[31 M. I. Abbas "HPGe detector photopeak efficiency

536



"J. Korean Soc. Radiol., Vol. 17, No. 4, August 2023"

[4]

[5]

[6]

[7]

[8]

[91

[10]

calculation including self-absorption and coincidence
corrections for Marinelli beaker sources using [11]
compact analytical expressions", Applied Radiation

and Isotopes, Vol. 54, No. 5, pp. 761-768, 2001.

http://dx.doi.org/10.1016/50969-8043(00)00308-0

H. Jaderstrom, W. F. Mueller, V. Atrashkevich, A.

S. Adekola, "True coincidence summing correction [12]
and mathematical efficiency modeling of a well

detector", Nuclear Instruments and Methods in

Physics research Section A: Accelerators,

Spectrometers, Detectors and Associated Equipment,

Vol. 784, pp. 264-268, 2015.
https://doi.org/10.1016/j.nima.2014.08.032

E. Tomarchio, S. Rizzo, "Coincidence-summing [13]
correction equations in gamma-ray spectrometry with

p-type HPGedetectors", Radiation Physics and

Chemistry, Vol. 80, No. 3, pp. 318-323, 2011.

http://dx.doi.org/10.1016/j.radphyschem.2010.09.014

7. Wang, B. Kahn, J. D. Valentine, "Efficiency

calculation and coincidence summing correction for

germanium detectors by Monte Carlo simulation”, [14]
IEEE Transactions on Nuclear Science, Vol. 49, No.

4, pp. 1925-1931, 2002.

http://dx.doi.org/10.1109/TNS.2002.801679

B. Quintana, C. Montes, "Summing-coincidence

corrections with Geant4 in routine measurements by
Y spectrometry of environmental samples"”, Applied
Radiation and Isotopes, Vol. 87, pp. 390-393, 2013.

http://dx.doi.org/10.1016/j.apradiso.2013.11.067 [15]

F. Piton, M. C. Lepy, M. M. Be, J. Plagnard,
"Efficiency transfer and coincidence summing
corrections for y-ray spectrometry”, Applied
Radiation and Isotopes, Vol. 52, No. 3, pp. 791-795,

2000. http://dx.doi.org/10.1016/50969-8043(99)00246-8 [16]

W. N. Lee, H. P. Lee, K. H. Chung, Y. H. Cho, G.
S. Choi, C. W. Lee, H. W. Chung, E. J. Lee, Y. S.
Sho, J. O. Lee, "A Practical and Simple Method of
Self-absorption Correction for Environmental
Samples", Journal of Radiation Protection and
Research, Vol. 31, No. 1, pp. 47-52, 2006.

M Jurado Vargas, A Fernandez Timén, N Cornejo
Diaz, D Pérez Sanchez, "Monte Carlo simulation of [17]
the self-absorption corrections for natural samples in
gamma-ray spectrometry”, Applied Radiation and

Isotopes, Vol. 57, No. 6, pp. 893-898, 2002.

http://dx.doi.org/10.1016/50969-8043(02)00220-8

R. Faghihi, S. Mehdizadeh, S. Sina, "Natural and
artificial radioactivity distribution in soil of Fars
province Iran", Radiation Protection Dosimetry, Vol.
145, No. 1, pp. 66-74, 2011.
http://dx.doi.org/10.1093/rpd/ncq367

J. M. Laborie, G. Le. Petit, D. Abt, M. Girard,
"Monte Carlo calculation of the efficiency
calibration curve and coincidence-summing
corrections in low-level gamma-ray spectrometry
using well-type HPGe detectors", Applied Radiation
and Isotopes, Vol. 53, No. 1-2, pp. 57-62, 2000.
http://dx.doi.org/10.1016/s0969-8043(00)00114-7

M. G. Yasser, C. A. Héctor A, A. H. Carlos M,
B. C. Jose L, G. A. Aniel, "Application of the
Monte Carlo efficiency transfer method to an HPGe
detector with the purpose of environmental samples
measurement"”, Applied Radiation and Isotopess,
Vol. 97, pp. 59-62, 2015.
http://dx.doi.org/10.1016/j.apradiso.2014.12.013

J. Boson, G. Agren, L. Johansson, "A detailed
investigation of HPGe detector response for
improved Monte Carlo efficiency calculations",
Nuclear Instruments and Methods in Physics
Research Section A: Accelerators, Spectrometers,
Detectors and Associated Equipment, Vol. 587, No.
2-3, pp. 304-314, 2008.
https://doi.org/10.1016/j.nima.2008.01.062

P. Jodlowski, "Self-absorption correction in gamma®
ray spectrometry of environmental samples an
overview of methods and correction values obtained
for the selected geometries", Nukleonika, Vol. 51,
No. 2, pp. S21-S25, 2006.

C. A. McMahon, M. F. Fegan, J. Wong, S. C.
Long, T. P. Ryan, P. A. Colgan, "Determination of
self-absorption corrections for gamma analysis of
environmental samples: comparing gamma-absorption
curves and spiked matrix-matched samples", Applied
Radiation and Isotopes, Vol. 60, No. 2, pp.
571-577, 2004.
http://dx.doi.org/10.1016/j.apradiso.2003.11.081

D. Pittauerov, S. Mulitza, B. Hettwig, W. Chehade,
J. B. Stuut, G. Mollenhauer, H. W. Fischer,
"Application of self-absorption correction method in
gamma spectroscopy for 210 Pb and 137 Cs

537



The Effect of Applying Self-absorption and Coincidence Summation Correction when Measuring Environmental Samples

sediment chronology on the continental slope off
NW Africa", Radioprotection, Vol. 44, No. 5, pp.
457-461, 2009.
http://dx.doi.org/10.1051/radiopro/20095085

[181 K. R. Jackman, S. R. Biegalski, "Methods and
software for predicting germanium detector absolute
full-energy peak efficiencies", Journal of
Radioanalytical and Nuclear Chemistry, Vol. 279,
No. 1, pp. 355-360, 2009.
http://dx.doi.org/10.1007/s10967-007-7318-0

[19]1 Tamaki Watanabe, Yoshihiro Oi, Mitsumasa Taki,
Katsuya Kawasaki, Makoto Yoshida, "Evaluation of
peak-to-total ratio for germanium detectors", Applied
Radiation and Isotopes, Vol. 50, No. 6, pp.
1057-1061, 1999.
http://dx.doi.org/10.1016/S0969-8043(98)00127-4

[20] L. Moens, J. De Donder, Lin Xi-lei, F. De Corte,
A. De Wispelaere, A. Simonits, J. Hoste,
"Calculation of the absolute peak efficiency of
gamma-ray detectors for different counting
geometries", Nuclear Instruments and Methods in
Physics Research, Vol. 187, No. 2, pp. 451-472,
1981. http://dx.doi.org/10.1016/0029-554X(81)90374-8

[21] T. Vidmar, A. Likar, "On the invariability of the
total-to-peak ratio in gamma-ray spectrometry",
Applied Radiation and Isotopes, Vol. 60, No. 2-4,
pp- 191-195, 2004.
https://doi.org/10.1016/j.apradiso.2003.11.015

[22]1 A. Cesana, M. Terrani, "An empirical method for
peak-to-total ratio computation of a gamma-ray
detector”, Nuclear Instruments and Methods in
Physics Research Section A: Accelerators,
Spectrometers, Detectors and Associated Equipment,
Vol. 281, No. 1, pp. 172-175, 1989.
http://dx.doi.org/10.1016/0168-9002(89)91231-X

538



"J. Korean Soc. Radiol., Vol. 17, No. 4, August 2023"

—_—

0
,mo
B

pzel
ol
XO

| Abolel Az, wrEg ghul Fake] oA

=7

3} 7]

3z
=

P
1

i’

12

s

[e]

]
s =1y

2 A

A T4, 7

1

<
Sk

el
00

,.m.o

T

-

=¥z 54

=1]
=

i
=

v

bk ek, AAE

S

of Wzo] AA o=

3T
=

A4 FrE S AA d9A v g8 A

A

A

d

o 4%

m

o

NG 0, A F

A7t Fu o]z

oF <}
ol A
=
or
AL
50
Ko ,ﬂmﬂ
Tl __o_u
i o
—-~— [
~ ]
il s
)A
Al oan o o
< o "
olp Br
o=
=
(I
(g
ol
B
To I~
.m.O ~ (e}
0 0
%0 m_m w&
= %
w ¥
¥ o

539






