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Table 2-=1 Elemental cosposition of pepper seasured with
neutron activation analysis

]Eﬁﬂ:}l] 0 | E— { Element Content {(ppm) ( error, X )
Black pepper Vhite pepper

MNa E.Tx10 ( 4) l.4=10 (100
Al Sdx 10 (13) 5.8x10 ( 8)
8 <8.0= 10" 2.0 =10
[ | 1.G=10* ( 5) Lex10 (1T
K l.2x 10* ( 3 B.9=10% (10
Ca Jod=10* (T L3gx<10* (7)
Sc L.T=10"% { 4) 8.2x10°* { T
Ti «3.0x10 ¢l.0x10
v 2 =107 (40} I o= 10" (40)
Cr 4= 107" (25 g.0= 10" {11}
Mn d.0x10 (23) 4.0x10 (212
Fe T.I1=10 (T B.T=10 { 6)
Co 5.2x10°* { 8) 3.2x 1077 (11)
MNi | (32) 4 = 10" (407
Cu <1.0 =10 B (40)
Zn l.2x10 ( 5) L.ox 10 4
AB 3 x10-% (3.0x10°%
Se 5 x10°° 5. 0x10"°*
Br 1.3=10 ¢ 3) B.9x 10" ( 3)
Rb 1.5=10 ¢ 3 9.3x 107" (12}
Mo 2.0x10°" (29) 3.4x 1070 (14)
Ag {3.0%x10-® {3.0x10°¢
cd <2.0% 10" <l.0=10-!
Sn 3 41
5b G =10°" (40 1. 1= 10°° (21)
I <6 =10 <7 w=10°°
Cs T.4=10°* ( 8) 1 =10°% (400
Ba 2.1=10 (10D L.d=10 (14
La G.0x10"* (15) d.2x10°* (19)
Ce T =10"" (40) - 5 x10-"
Sm 9.5x10°* ( 8) Idx10°* (19)
Eu <1 =I10-* 6 =10°* (407
Yb <« =x10°* 1 x10°*
Lu <8 x10-? 2 x10°*
HI <] x10-°¢ 9 x10°°
Ta 3 =107 (40) 2 = 107% (40)
w L 3 w10t
Hg 2 = 10" (40) 2 =10
Th S.dx 10" { 9) 2 = 10°* (40)
] g wx1g=? I

Total Lax= 10" 2. 1= 10"
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Table2 - 2

L
(7. 85X
IIIB’
(T1.9%)
respyg
(23. 13%)
e g
(6. 85%)
taepp
(25.2%)
ELLS XN

continved

2

10 MeV

istega
isT=Ba
eieHg
BiHg
hid

7Py

28.Th
2.552n
ddm
46. 9d
3.0

x 10"y
0. 88

IT

EC

T

0.212

0. 2682C 165D
0. G662
0.158 0.3T0

0.27915

0.5647 1.064

Table 2-2 List of nuclides wilh photoneutron thresholds below 10 HeV

Stable Threshold Radionuclide Hall  Type of Hajor radiation
nuclide energy(Me¥) from (v.n) ~life decay approximate energy(Me¥)
{%abundance) reaction (X¥abundanceland intensity
a 8 T
- 8.9 "s £7. 0d B- 0. 187 no ¥
C0.0136%)
Loy 9.8 sy 3304 EC no 7
(0. 24%)
YINi 8.7 N 92y /B 0. 067 ne T
(1. 08%)
ey 9.9 4 Cu 12. 80h B -(38%) 0.571
(30.91%) £(19%) 0.657
E C(43%) 1. 34
TeZn 9.2 **Zn §7m a- 0.897 no r
(0. 62%) emin 13. 8h 1T 0. 4319
ey 9.8 lerCd 435d EC 0. 0880
(12, 39%) el s [
HECd 8.5 Lsicd 44. Bm B 0. 150
(24. 078D 0. 246
b o | g.0 L o | 14y g -(89%) 0.58
(28. 86%) I T (veek ) 0. 265
(~0.1%)
necd 8.7 1nec g 2.21d g 1. 11{58%) 0.0353 0.232
(7.58%) 0. 86 0.261 0.267
0.58042%) 0. 336 0.483
0.52%
el o | 43d g 1. 62C97%) 0. 106 0.158
0.6BC1.65) 0.336 0.485
0.493 0.934
1.133 1. 291
1.419 1. 450
1480 8.8 11¥8n 115. 1d EC 0.255C1. 9%)
(0. 87%)
1345 8.4 LEam 30 40. 08 8- 1. 26(99. 94%) 0. 1600
(5. 8%) (85.5%)
11180 129. 2d g - 0.32(0.60%) 0.031
1.42(90. 4% 0. 60
1335 b 8.0 1¥2 5 b 2. 68d 8- 0. 2T4(5%) 0.564C70%)
(42.7%) 1. 42(67%) 1. 257C0. 81%)
1. 98(268) 0.693(3. 8%)
> 0. 141€0. 79%)
Ll 9.3 LT 130d E 0. 0855(6. TX)
C100%
gy 9.1 g 6. 47d EC 9&% 0.B6B(9T%)
C100%) At 0.403(5%) 0.465C1. 9%)
A- 0.81002%)
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Peak Energy Nuclide
(keV) ({Decay series)
75 Y4 philranive)
186 ***U{Actiniua)
118 g alranival
238 "'*Pb(Thoriem}
242 ***Ph{lUraniua)
295 " Pb(Uraniue)
338 **Y A c(Thorium)
352 " Pb{Uraniea)
511 ***T I{Thorium}
Annihilation ¥ -rays
583 ***T I{Thorium}
609 **Bi(Uraniuve)
770 *'*B i{Uraniua)
860 **" T 1(Thoriue)
911 *** Ac(Thorium)
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Table 2-5 Detection limits of radioactivity measurement for
radionuclides listed in Table 2-2 by 7 -ray spectrometry.

Nuclide Half 7 energy(MeV) Detection Detection Detection limit

life (% abundance) limit of efficiency of radioactivity
count(n=3 o ) (%) (Bq)
*4Cu 12.8 h 1. 34(0. 48) 46 0. 44 34
®9=Zn 13.8 h  0.439(100) 101 1.6 9.4x 102
'1inCd 48.6 m  0.246(94) 157 3.0 1.3
t1:nCd 14 y 0.265C0. 1) 148 2.8 20
118Cd 2.21 d 0.528(27.5) 84 1-2 L5510
1= cd 43 d 0.934(1.9) 64 0.88 1.5
'18n 115.1 d 0.392(64.2) 112 1.8 3.8x10°?
'228Sb 2.68 d  0.564(70) 82 152 5.5x10°?
'32Cs 6.47 d  0.668(9T) 75 0.96 3.7Tx10°°2
'35m"Ba 28.7T h  0.268(16) 154 2.8 2.9x 10!
'"'"Hg 44 m 0.158(58.4) 167 e 1.4
*°°Hg 46.9 d 0.279(81.5) 132 2T 2.4x10°?
ERTPDH 0.8 s 1. 064(90) 58 0.56 9920
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Table2-4 Total beta measurement of pepper

Sample 10 MeV Radioactivity
electron® (cpm)**
Black irradiated .4x0.5***
pepper non-irradiated 9.8+(.4***
White irradiated 1. 4+0.3%**
pepper non-irradiated 1.°2£0. 3%
Background e ™

¥ Irradiated 100 kGy. *% Measured immediately after irradiation.
¥%% All uncertainty statements made refer to 67% confidence level.

7.0><102 Bq(
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Black White Table 2-6 Decrease of induced radiocactivities in 100 kGy
% irradiated metal-added pepper after 5-day storage
_ Peak Energy Nuclide
[11]
g No. ka‘i’ll‘” (¥, n) Half Pepper Radicactivity(Bq/g) after
= 10 - @ 150 =Sn product life Black/White 0 days 5 days
= @ 160 **'=C4d
E @ 246 '''~cd s
= @ S G *Cd 48.6 m Black 1.2x 10 ND
3102_ ® 882 *7.pa White T.8 ND
.E @ 663 bl l2am g p 40.08 m Black 9.2 KD
=1 1 \
S @@ Vhite 5T ND
: '*25b 2.68 d Black 2.0=x10" G.5x10"*
10' Thite 2.1=10" B.5=10°?
iatmHPa 2,552 m Black 2.2 ND
AL ] e N
10° i 1300 ity i1nnu ! 12:Cs  6.47 d Black 1.6x 10! 8.8x10-?
Vhite I 210" T.T=10-*

Channel number 2
KD: Not detected.

Fig. 2-4 ¢ -ray spectra of the spiked samples containing CuS, ZnS, CdS,
SnS, Sb.S;, CsCl and BaSO, measured for 0.6 ksec just after 10 MeV
electron-irradiation. The listed compounds, 4.5 g each were added to

18 g of the pepper.

Right:¥hite pepper, 100 kGy-irradiated.

Left :Black pepper, 100 kGy-irradiated. 12
Induced radionuclides are listed in the figure.
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Table 2-8 Estimation of induced radioactivity in 100 kGy-irradiated
pepper and caluculation of commited dose equivalent (Hs,) in
gastrointestinal tract per intake of 1 g of irradiated pepper just

after irradiation

Nuclide Half life Pepper Radioactivity(Bq/g) Hso(Sv/g)
Black/¥White metal-added natural

ltimcd  48.6 m Black 1.2x 10 3.5x10°% 4.0x10°'*®

Fhite 7.2 L Bl  L1.3wlg="*

(ST wall)

123mQSn  40.08 m Black 9.2 3.9x10°¢ 3.0x10°1¢

White 9.1 8.0x10°° B.1x10°*7

(ST wall)

1228h 2.88 d Black 2.0x10°! 1.9x10°% 3.8x10°!®

White 2.1x10°! 3.6x10°% T.2x10°'®

(LLI wall)

137mBa  2.552 m Black 2.2 8.7x10°* 2.6x10°'®
¥hite s = S

(ST wall)

I#20Cs 6,47 d Black 1.8 102 L%l lifsclf-+r

White 1. 2%10°" 1.Tx10"®* 1.0x10°'¢®

(ST wall)

49K 1.26%10° y Black 3.7 2, 0102

40K(Natural activity Fhite 1.8x107" 9.9x10°*°

in the sample) (ST wall)

ST wall: Stomach wall.

LLI wall: Lower large intestine wall
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