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Age-dependent protection quantities for external
neutron irradiation using ICRP recommendation

Khabaz, Rahim - Atabay, Mohammadamin
Department of physics, Faculty of Sciences, Golestan University, Gorgan, Iran

Abstract:

In this study, based on the recommendation by the International Commission on
Radiological Protection (ICRP), equivalent doses and effective doses for different
ages obtained for external neutron sources. The calculations at 28 neutron energies
from 1x 10° MeV to 20 MeV are carried out for 4 irradiation geometries: anterior-
posterior, posterior-anterior, right lateral and left lateral. An age-dependent
anthropomorphic mathematical phantom series of six groups: newborn, 1, 5, 10, 15
years old and adult is used with the Monte Carlo computer code MCNPX-2.6 for
the dose evaluations. The results are compared with those in ICRP Publication 116
and are in good agreement. At each stage, the effective dose was calculated
according to the tissue weight factor (WR) published by ICRP60, ICRP74 and
ICRP116 and the results were compared with ICRP116 recommendation, which
had a relatively good agreement at low and medium energies, but at high energies
the difference was up to 30%.

Keywords: Equivalent dose, Effective dose, MCNPX-2.6, Neutron Source.
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1.00E-09 0.88 0.90 0.79 0.85
1.00E-08 0.95 1.00 0.87 0.94
2.50E-08 0.96 1.01 0.85 0.94
1.00E-07 0.99 1.02 0.90 0.97
5.00E-07 1.02 1.06 0.92 0.99
1.00E-06 1.02 1.04 0.92 0.99
2.00E-06 1.03 1.05 0.91 0.99
1.00E-05 1.03 1.06 0.93 0.99
2.00E-05 1.03 1.05 0.93 1.00
1.00E-04 1.03 1.05 0.95 1.00
5.00E-04 1.05 1.04 0.94 1.00
1.00E-03 1.05 1.05 0.96 1.00
5.00E-03 1.15 1.09 0.98 1.03
1.00E-02 0.66 0.58 0.54 0.56
2.00E-02 0.84 0.65 0.60 0.61
5.00E-02 1.26 0.76 0.66 0.69
1.00E-01 1.64 1.13 0.94 0.99
2.00E-01 0.99 0.75 0.60 0.63
5.00E-01 1.08 0.89 0.67 0.72
1 0.92 0.88 0.68 0.74

2 0.84 111 0.90 0.95

5 1.14 1.77 1.58 1.61

8 0.92 1.19 1.10 111

10 0.85 0.96 0.88 0.89

12 0.80 0.87 0.80 0.80

15 0.73 0.82 0.75 0.75

18 0.69 0.75 0.70 0.70

20 0.69 0.72 0.67 0.67




-
R Lot g
Ol gl slawd il 35

a o &
s (5 0a) Saa (g 338 o821 Y FAA il V€ DY
600 700

sof [ ICRP60 .

——dl s

o
(=3
o

ICRP74

— Al s

z 2
i 3
1. .
33400 —— e L S00F | p e
Q —— e Y 0ok o
J 300} |—— wi eyl 9 —— s esply
2 . 3 300
- J—5 T s
B 3 200
5 100 £
2 S 100
%)
g ?
0 s - -
10° 10° 107 10° 10° 10* 10° 102 107 10° 10 10° 10° 107 10° 10° 10* 10° 102 10" 10° 10'
MeV) 5,5 55, MeV) ;5,5 55,
700
600 i

——d s ICRP116

500 |

400 —v—all e
soal, [ 2 S 095 F 81y 0959 S5 e 2 Fge 593 polie ¥ IS

(PSV CM) (5 g5 L asly s g 50

) .. . c .
- S SLICRP s oot jiie GWR L g g, 4 gy 5,555 awsia
100

0

10° 10® 107 10° 10° 10* 10° 10% 10" 10° 10

MeV) ¢5,isi (g5,

600
{ S00f [—— s & —— sl
% & 500
L e ICRP60 L st ICRP74
—]: —— e —& a0l [T e
) sl [T ) E
| —— eyl J 300} |——aw ety
kS P Z 5 N
1 200 J—z il B
3 2 200
L |
»E Y
S, 190 5 100
> >
g 3
S € o
-9 8 7 5 5 " 3 2 3 0 1
10° 10° 107 10° 10° 10* 10° 102 107 10° 10 f6% 107 407 10f 46% 10% A0 107 AGY 400 Ag!
MeV) 5,5 5, MeV) 5,5 55,

800 —— olje

[ Tte e ICRP116

600 |7 Al

5

g

1

K —— d. . - T . . .
§ W ® B 2 09,5 P 6lp 095 65l p Fge 90 polia Y JSCS
] 400 025l . c .

;3]: ey s, L5La>|CRP 5o 0ads yiiie GLWR L g o Coms (6,5 97 At
2 566 bz
5

>

2 o

10° 10° 107 10° 10° 10* 10° 102 10" 10° 10'

MeV) o555 g5,



(0

|‘\

A.%Q’I’;‘%t

S
..:Mbsw
Ol 9t Sldd il 45

b

(ko) dgia (gan 995 o8& -1 FAA ikl V€ 1Y)

% —_— a & .
(PSV M) 5,555 )Lt amly s pdga 9

¥ . -
(PSV CM') (5555 JLb asly s g 590

. -
(PSV CM') 5,555, asly s dge 50

Y. s . F %
(PSV €M) (5 isi ;L oty 1 s 590

o
o
o

400

300

200

100

+A|)' i
—— s ICRP60

——al e

—v—dlo e
Al ooply
J—Sn

10° 10° 107 10° 10° 10* 10° 102 10" 10° 10'
MeV) ;55 55,4

500

400

300

200

100

——

9=
—— s

ICRP116

Tl
—*—alliies
—— syl
)

500

400

300

200

100

800
700
600
500
400
300
200
100

10® 40° 407" f0® 40% o 40* 0% 40" 40° 10!

MeV) o555 554

T ol
—— s ICRP60

—e— iy

—r—dil s
el

IR el ]

10° 10* 10° 10% f0f 1Y 10° 9% 10 90 H0Q

MeV) 5,5 5,3

- ICRP116

—— s

——dlo
s
—— Al ooyl

J—53

10° 10® 107 10° 10° 10* 10° 102 10" 10° 10

MeV) 5,5 5,

(2]
o
o

—— ol

ICRP74

—— s

o
o
o

——dl o

B
o
o

il
—e— Al eyl

J—55

n
o
s3

¥ Py “ 0y %
(PSV CM') 5,565 St oy ot ydse 90
oy w
o o
o o

o

-

10° 10° 107 10° 10° 10* 10® 102 10" 10° 10’
MeV) ;5,5 g5,

Adid ;3 (09,5 F 61y 959 55l 2 Fge 9o polie F S
calisee Ls'l.thCRP PR RSRAH SLWR L [uy 61’59")"

600
5 :
Sl | -
1 e ICRP74
Lsoo} [
] —— e
7 3001 | —e— Wl asply
1 sopp [ I
3
£ 100
>
@
2 o0

10° 10® 107 10° 10° 10* 10° 102 10" 10° 10

MeV) 5,15 5,4
At 3 (g 03,5 F sl 09595 551 e 2 g0 590 polie HJSE

LS L5[.::>|CRF) PR WA E) 6L‘°WRL,5 C,w:l) Coww 6]55")"



A b
1 Q" e o
— Ol ! Slad il a5

s, « &
Sz (5 ko) Sgdia (oan 9958 o8I -1 FAA k) V€ DY)

ige 530 Cemmd

10° 107 10° 10° 10* 10° 102 10" 10° 10 10° 107 10° 10° 10* 10° 102 10" 10° 10
MeV) c5, i 55, MeV) ;5,5 5,
' .

e 95 Cand
g 58 S

04 d ol . d L . ul L X il . o ¥l ¥l L L L 1 n L
10 107 10° 10° 10%¢ 10° 102 10" 10° 10 10® 407 q0* 10° 40* 40® 0% 107 40! 10’
MeV) ;5,igi 5, MeV) ;55 55,4

iz G5 P p awsin T gl JLS )5 e p aliBe i G e slajes cond PSS

o Sy g 9y g, el

G S ez 4
Olye 4 boe ol pgat 4 6551 o sl Fae 90 e GRIBI L AT 098 o0 csalin Wajlages (sles )
oo Sl Vb slass il 5o 09d oo Joite ) (6 7tin Fge 555 Jladle dadar 51 (8L ;5 (655 So o s (o JLe
b 1y sl Sgy Loy Hge 590 o 00y )5 a0 | ICRPB0 o oy izio Wi oS Sloj 6,595 5 (sladuwain
39> 55,51 G g0 590 ICRP116 4 ICRP74 & Lo slaWh 5l (0,5 solinl b o loges auiy ;o Lol 0iS oo
ICRP116 Luwgs ons pictio sloosls 5 Sl oy ass Lo 38l Slie 5 comly clacgil o 45 ams e

ey oo oy Yo b OST YL slass il jo Lol o)l 052

S5 g0 0adlive (6,5 55 awaid glgil (sl JLuS )5 (p g BB i (i Fge (Slo)90 Comd @y bgaye Jl0g0d )0
@Sy Sy (9 SIIBL 0 dgu> (6551 5o Ll asS (oo (o 1) (BB Wy, Loyl (govie (Sles g b slags) il o &5

3,10 (6 i Dl by gomie plw b (6,558 dwasa T o olig 4y by e s SO (uiomen g 99 o0 odnlice



A

IR

%’);‘&;’

P
Q" e § G
Ol 9t Sldd il 45

(CEESY R I WIS L LR R R S

30 oad yaiie Wil eslatul (85,50 sogame cpl 0 el i ady 4 Cacd o35 bl SLS 5 cle 4 oS

Wg 5l sl @ a>55 L ICRP74 s oot jice Wy 5l solainl a0 cus |y s tian fige 590 polas ICRP116

D2 oo Cawd o (65,5l pl )0 0ad eolaiul alizes slo

&=y

Committee to Assess Health Risks from Exposure to Low Levels of
lonizing Radiation 2006 Health Risks from Exposure to Low Levels
of lonizing Radiation, Washington, DC: National Academies, 2006.

ICRP,  Conversion coefficients for  radiological  protection  quantities
for external radiation exposures Ann, ICRP 40 1-258, 2010.

M. Cristy, K.F. Eckerman, Specific Absorbed Fractions of Energy
at  Various Ages from Internal Photon Sources, Vol. 1-7. ORNL
Report TM-8381/Vol. 1-7. Oak Ridge National Laboratory, Oak
Ridge, TN, 1987.

ICRP, New guantities and units as given
in ICRP publication 60.

ICRP, Glossary of terms and definition of quantities, in ICRP publication 74.

ICRP, Conversion coefficients for radiological protection quantites for external radiation
exposures, ICRP 116.

Denise B. Pelowitz, editor, MCNPX User’s Manual, Version 2.6.0, LA-CP-07-1473,
April 2008.

Pelowitz, D.B., 2008. MCNPX-A general Monte-Carlo N-particle transport code,
Version 2.6, LANL Report, LA-CP-07-1473, Los Alamos.

Eckerman, K. F., Cristy, M. and Ryman, J. C. The ORNL mathematical phantom series.
http://ats.ornl.gov/documents/mird2.pdf (1996).



