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# 1 Elenental composition of pepper measured
with neutron activation analysis

Content (ppm) (error, %)

Elenent

Black pepper White pepper
Na 57X 10 (4 14 X10 (10)
Al 84 X10 (13) 58 X10 (9
S <8.0 X 10° <2.0 X 10
C1 1.6 X 10 ( 5) 36X 10 (17
K 1.2 X 10" (3) 59 X 10> (10)
Ca 34X 100 (7)) 13X10° (7)
Sc 1.7 X102 (4 82X 10% (7
Ti <3.0 X 10 <1.0 X 10
A% 2 X 10° (40) 1 X 10" (40)
Cr 34X 107 (25 9.0 X 107 (11)
Mn 40X 10 (23 40X10 (1)
Fe 71X10 (7 67X 10 (6)
Co 52 X102 (8 32X 10% (11)
Ni 1 (32 4 X100 (40)
Cu <1.0 X 10 8 (40)
Zn 1.2X10 (5) 1.0X10 (4
As <3 X 10? <3.0 X 10
Se <5 X 10? <5.0 X 107
Br 1.3X10 (3) 89 X 10" (3
Rb 1.5X10 (3) 9.3 X 10" (12)
Mo 2.0 X 10" (29 3.4 X 10" (14)
Ag <3.0 X 107 <3.0 X 107
Cd <2.0 X 10 <1.0 X 10
Sn <3 <1
Sh 6 X102 (40) 1.1 X 10° (21)
I <6 X 101 <7 X101
Cs 7.4 X107 (98 1 X102 (40)
Ba 21X 10 (11) 14 X10 (14
La 6.0 X 10% (15) 32X 10% (19
Ce 7 X10? (40) <5 X 107?
Sn 9.5 X 10% (9 3.4 X10% (19
Eu <1 X103 6 X 10* (40)
Yb <1 X 10? <1 X 10?
Lu <3 X10° <2 X 10
Hf <1 X 10 <9 X10°
Ta 3 X 10° (40) 2 X 10° (40)
w <6 X 10 <3 X 10?
Hg 2 X10? (40) <2 X107
Th 54X 107 (9 2 X102 (40)
U <2 X107 <1 X107
Total 1.9 X 10* 2.1 X 10°
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10 MeV LU F DIXETER TR IC/ABDIEELL T 7, ) KA !
X2 & i

MG EE, BN, HrORoE 1%
IZHEHRRO T 2L F = PIIR &, 5 F TREITT
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KD RERR T b B TP M5 7 2V RBEN 72 > TR
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(1) JEEOHIZIE, RE B ICE & R & 4
RN TCRO 2 M D 0 £§, BhIch 2ED,
Koy % ¥ B RE-12 3R A H L 8 A D,
KEHNZIZRFE-14 75 0.00014%FEEH D, ZhiZ
BRI TR T d 0 B (RN — 28 &
U, RELRSHE-1412ZDY (%) LT, &
V) LA—40 (ERIRCHFAET 2 5 ) & & (K3 H
)2 4-39) D0.012% % i, KT (89%) 1%
N—=Z#EM U TRER AN Y T L4012 DD
F9. KD 1%E [EriE] kb7 a
VA0 IZEDY, Hr el L eRELET,
AT LIERNIZE S EAHD, e bOEESE
HED T 5 &, BEEOBMH & TR _ERZ
HWABLB5WDHY) T L-A40HRD H 7 v b A
TEF T,

T, BEEAS 72 AUE T RIGASEZ D, EA
EABBBEATOTCLEIDNENS L, T
ZEiEHDFHA, BKIEHWEL 272012130 D
MOV TLETNEES BWEERH D ¥4, 20D
1O BHEHHMDO T 2L £ — T4, BhHo = L

¥ - #ﬁn%Auﬁﬁm IRZ ST, BRIBEZ
57223 H5Tx X DL, ThbbLEVME
uiwlzw$ PDUETT,

72, LEWEL EO I 3L F — O RGHEAY
tofé?¢rﬁ&mﬁ$Uébﬁfuﬁhiﬁ
Ao THLE=HLZVEISEW D B IS IE#
ZDIZK K, TAALF=DENEERKIBIZEI Y
RFTNEFDLNTED, TALF-DEL BHUTE
{EBFELEEMAEMKILEI DERET, B
Mgl cflibh 2 B, —Ar9IZiE 10MeV BLF
DBEHRTH O | %Zﬁ/Vﬁ& B DHIT
WETA, ZOLNLDBEHECRIEIZZ 5TL B
DIFFEELLT (y, n) RIBTH S Z A, PEN
BT Thbr>TnWET, v vBoBae, dikr
MO E N THTFEORENZED B &\ 2 RE
2, BIROBAE, BN 72 0 FlBRS & 0
SEENEZ S THY SRIZEWREI N, TOHV~
AT VAT D LW 2B H D, %
S L7BAITIE (v, n) eI DHEET,
ZD K5 sIEN S NRE B LIS, ThETWA
WA WS K D EE SRR O PRER T RTAR 23 7 &
NTCEE L, —FROEDBDOELTIE, 2002 44
H, IAEA 3y L 72 TECDOC &5 C#E T, JEHIC
FELWEIGRI S RRET SR A TR D, B0 & Z
A, IhA, Wb 3FRERFREORAEMIZT 5
RODT = Z 12 >TNET,
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W o 72 EHRIZDNT, 2O 3L F =R & h
AR IDGIBRIEE ) A M T v T LET,
ZORR, 1FLALIT (y, n) RIBOFHEGHAKE WD
ZENEERNIZHO2D ET, £/, Thizhth
DOTHFMBRIZET 2R EDTTHRE EORERIET 5
DO HEERNIZH 2D £3OT, HKIBORRAC
% WREMED & 2 A PERIR LR AET R L, HEE T
2ET, DF0, EOREDOBKHEENEL 2D H
WL EDFETH T 2D T,

ZOBIZ, BETNZHEHREPNWLS D9 HD £
N, FO—ODOBRHIHEFEDO TR ILE—L XL T, LE
WML ERE S, EnH ZETE, TRALF-H
e, dH2ERNTESRID FLA, £, 1K
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B A 72 < AN TR VW ENS Z EiTk
D, HRELBTLROBELZWHABLNEWS T &
50 ET, ERMEERT DI E DFH
IZEDOFERGELL , ZDHIMCHRIBOREN & % %
JICEBEDREDEE THAET S5, LS HERKE
EZzFNEEDFRA, X612, [HUBSHHE,
FICTERETH > TEREKIEHEZ 20T 65 50
MEnD kO ERE, ZhERIGHmR & MEA T
WETH, WD SRS, 2 HEMEE v -7z
FHE I W-TEET, THLAEREETEEL
THETH2RBENDH D F7,

AIROAER, B, ALEFHIHW S 15 g
DLNLTHD60kGy #4TH L, IFEAEDREN
TEELTE, ZOREZEOME TE U % iF8 i hE
FHFEEEXYUTHD MmO ONET,

L7zM->T, BMROHpTIE [§ 95 ZhTOKJ
EWIERIZI RS DI TTA, HMNOREIZIE, Z
NEFTRROLDTEENWEZALHHDTY,

TEHREBE O 3 7 12 & B RBHIEEE

ZIZTC, FRIZaY g VISR E YT, EofE
FEDOTETREN W B 2 2N, BRETH S & &R
FTHIEIZLE LA, o xFMRicit-T, &
OREED (y, n) KIBAHZ D12 D5 % LM
X, VA7 T LELE (£2),

WAL, HWETIZ, THRLE-D L X WA 9.9MeV
TTDT, 10MeV DEFEFHN Y72 > 7254, (.n)
RS & U T #-36 72 & Hd- 5 LA Tl 8E-35 28
EUFT, 3513, A ABBROHIEEL T
CEEBOE TR, N—2ia 3T
T, L7227, W#iZ 10MeV O 4 Kk 4 12
WTETE, HEBEDON— &% 13 HEE-35 »8
AENDZ L IIBER LW S 2T, MRS
AL 9L, fERE LCRIERHIZAENnZ e b
20 FEFH, LEWHEIZET1I0MeV I TOKET
TOT, EREHORETILF —Th 3% 10MeV
DBFBTHAEYNTEH L, BEHEEREHHTL 2 hgt
NHET,

T, ThHBEDHREDOLRLTH D, EHDNK
SHegllE TR ENNBRB EhEDTL &9,

Xl 3 Tl AR O T r L X —%FKL, 2D
BB AY T 7 #1270 5 2 7 %-126 &1 5 FRGHE
BFEAEC 2 (y, n) RIBTHZZ &AM L T
%9, fEfliZ [Cross Section], HAZEIZIRT & [#
RIS T9h, BRIGHEDOFEIRZ 3
WA EWNWIRIETT, $7TMeV B LEWETH D,
IRLE=NEL Ko T &, HlA1E 10MeV D
LZATIE, BADDLORIELMRI s TnEH
AW, TINF-NISIIELS KD E, BHIZZD
RIBDZ D3 &7, $Thbb RIS
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Stable Threshold Radionuclide Half Type of Major radiation approximate
nuclide  energy MeV)  from (y, n) life decay energy (MeV) and intensity
(%abundance) reaction (%abundance) a P y
9.9 87.9d 0.167 no y
9.3 330d no y
9.7 N2y 0.167 no y
9.9 12.80 h 0.571
0.657
1.34
9.2 57 m 0.897 no y
13.8h 0.439
9.6 435d 0.0880
(WmCd)
9.5 48.6 n 0.150
0.246
9.0 14y 0.58
0.265
(~ 0.1%)
8.7 2.21d 1.11 (58%) 0.0353 0.232
0.86 0.261  0.267
0.58 (42%) 0.336  0.493
0.528
43d 1.62 (97%) 0.106  0.158
0.68 (1.6%) 0.336  0.485
0.493 0.934
1.133 1.291
1.419 1.450
9.8 115.1d 0.255 (1.9%)
8.4 40.08 n 1.26 (99.94%) 0.1600
(85.5%)
129.2d 0.32 (0.60%) 0.031
1.42 (99.4%) 0.60
9.0 2.68 d 0.274 (5%) 0.564 (70%)
1.42 (67%) 1.257 (0.81%)
1.98 (26%) 0.693 (3.8%)
0.141 (0.79%)
9.3 130 d 0.0355 (6.7%)
9.1 6.47 d 0.668 (97%)
0.403 () 0.465 (1.9%)
0.810 (2%)
9.2 28.7h 0.2682 (16%)
8.7 2.552 n 0.662
8.1 44 n 0.158 0.370
7.4 459d 0.212 0.27915
8.0 3.0 X 10"y
7.4 0.8s 0.5697 1.064
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TR TERET AL ZATRNBIESL LM S
BNEWHIZEIZEDET, ZORMTEFIZED
TR ORBETEE 2 2 # BERIIZEI R L 3 & , 7
Hikgagidmit Skt W FERIcE D £9, 7
2T, FEERERE LT, kD &S Kk BUHBEHE & 17
W L7,

KOS BERIE
CFEMEE Bav ey, gy vHET
(FVv—=v7, ¥5925%)
- HSHRR R S
10MeV 7 4 F+ v 2 B 1%, 100kGy
- TR BEIE

AR 20em FADHENTY FLFY T b
I = AR ST
B2 izTU— Ty A —
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10+ \
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u Peak Energy Nuclide
103 - T. :ev;:u(:er.:r series)
@ 186 ‘:‘L'!'“ m"":j
® 1 phTarie
10 .
] .
SRIEE <
5 10° i) . - :
P 3 .
g : 911 ***Ac(Thorive) |
@ 935 ***BilUraniva) |
8 1o & i
. ‘
L ]
kd |
10' :
AV &b Ly M o [
100[ o | 1
0 500 1000 1500

Channel number
a

(V) WH ARSIV S B RO 5 5 10MeV
DEBEREBAZDIR, TXILE -2 —-FKEHL >
5T, BRHEEEALE T AEKIBIE, XL
F-NEOHFRRI DR TNV Eidbhr>TnE
TOT, BAE, RREH TR N TS RED
IRLE-LEBETHT, L REHORES
[EIBF RSB THESE X B 10kGy D 10 {55 & 9 Kk
WA RARATEDITTT,

Ak, HEROBAIE 10kGy TT A, HlAIL,
T RRR AR AR 213 50kGy v b DB
L HD ET., A, 100kGy THEREZ L TWBD T[]
e EnET,

HaovgwbHay g ufric, aMiEs cHO
LIREIIIILF—TdH % 10MeV DOTE T % 100kGy
LV AL RAE N TTCAE L, Wi, FERHC
WG L CRE T B AE, 10kGy B S THUE &
L, BEZNL N TRAEASRELD T
2, ZO0FREVI MR RERELE L2,
HaBEIE I, BAED & Z A8 & S O LW RE
HEEE 2 H>, Y <l e N — 2 ORI £ 70
F U722, [#EANT] LD ETH, ZhiTgDR:
TH, 26 A5 TL 2 ARIEHRE TE 5 721)
HWTd 2 &0 S fEE T, EOBFERICIZER
AR PIROZZE > TH D, JEFIC SRS e %

10
102 — Peak Energy Nuclide
No. (keV) (Decoy series)
75 ' PblUranive)
186 '**UdActiniva)
***Ra(Uranive)
238 ''*PbiThorive)

242 **4Pb(Uraniva)
@

1 I
P o2

295 ' Pb(Ureniva)
338 *** Ac(Thorius)
352 *'*PbiUranive)
§11 ***T1(Thorius)
Aanihilation 7 -rays
583 ***TI(Thorius)
448 i(Uranive)

710 ***Bi(Uranive)
880 '"*TI(Therius)
911 ***Ac(Thorius)

935 ‘B )
120 *'*BilUraaiva)
1238 ''*B i(Uraniva)

Counts / Channel
-k
[=}
1

1378 *'*B i(Uraniva)
461 K

2686266686 €080EE 68

10'H
JEHa ST
105500 1000 1500
Channel number 9
b

X4 B a o0y HEERSR
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AWnws &, ZoHKBERS HrllEEhTLES
NHETY, ZOEICKD, BRZOEDONLHIT
S HMEN K DEE LN Z &2 5,
K 4a, bix, Bay g v OHEEDMHFERTY,
X4ah, e nhiasne 2L WHEL CHhEna
v a U VAL THEHEEIE LR L 728 O T
T, MvhanweE, $hbbNy 7790 F
THLZORED L L0 EHRBEHE S BIH X &
T, U= BN 0ARTWETH, 2 THRHER
OHRBET S, HMMIZEWETEY I U R/lb
BN M) Y LR T B HRBEHETH B Z
EMNFEETEE L, B LW AWEIY 39T
2, 25 LAARBERIC KA — MRS, &
OMEANLNE ZIZERA T2 HRBESHRO ¥ —
JIIMHTELROTY, £z, —HICEHFLREEE
D=2 P TOETH, ZhEFERIZEEIh D
AV Y LTT, AV Y LAOPITERBEHRE LT
AT L-40 &0 S BEHERIN TR EE N TW 50D
T, ZO&I ARG E LTBIIE h 20T,
X 4b A3, HEGIL T na s g LHEH LTV
B3 5% & UL AL THREGHREHIE LI L 7= %
DTT, —RLUThrD EIH, S LZEDITH
=23 ECThERA, ME L, FADDSL
HTEZS BEHETH > T, FRIZERIEDOH
TBEiTH)e<mtichizdA, 25022056
&, 2002 4 4 A2 IAEA 23 U7z [ SBEHZ FTO
515 AT K B ik E L L (60kGy) T

sk, EC2HEREEEFE LY TH S,
(IAEATECDOC1287) £\ S fEia N EAHT 5 h E 5,

(1) IAEATECDOC1287 (2002 4-4 A) 52 X—VOJH
RO T,
The increase in radiation background dose from
consumption of food irradiated with gamma rays
from cobalt-60 or Cs-137 to an average dose below
60 kGy, is insignificant. It is best characterized as
zero, as the increase from consumption of 50
kg/year immediately after irradiation is less than
10-8 mSv/year, or less than 1/300,000,000 of the
natural background exposure, which is about 3
mSv/year.
HEOMRELTI0DVA F 2 TR E VI
HHEGTRED L ALl & LTI T ¥, 29
WO B® TR T TR EVDTTThEY, 20
BETO T, Wb 3 AR b B R, HilA
BEMTTEAINVTL-A0EERHD FTH,Z5
W EDOBAKIZE Z B BAFHEL TR, 2
DR BEOL XL EWET 2 ¥ uThd s
AZb, TOVILFEIE>THET,

iz, R33H Y HIEORIRA Y. iH
ICEWET &, 4Tt ch g 57=0T
T, RIRFUELL FO D25 528 LAKNO
TR AR L E Lz, LA L, SGHRED B
ENLLTE, ZORED LD TRV E
HCHBOT, [ LEREANT &2 —-RLTH
»DET,

FAFN— G HOPERRTYT., Baraven
AV 29T, TNTHLEESRE LD, TED

3 A RBEIE OB HERS

Half energy (MeV) Detection Detection Detection limit

Nuclide life 7(% abundance) limit of efficiency of radioactivity
count (n=3¢) %) Bq)

%Cu 12.8 h 1.34 (0.48) 46 0.44 34
8m7n 13.8 h 0.439 (100) 101 1.6 9.4 X 107
mCd 48.6 m 0.246 (94) 157 3.0 1.3
BmCd 14y 0.265 (0.1) 148 2.8 20
5Cd 221d 0.528 (27.5) 84 1.2 1.5 X 10!
mCq 43 d 0.934 (1.9) 64 0.88 1.5
15Sn 115.1d 0.392 (64.2) 112 1.8 3.8 X107
122Sh 2.68d 0.564 (70) 82 1.2 5.5 X 107
12Cs 6.47 d 0.668 (97) 75 0.96 3.7 X 10
135mBg 28.7h 0.268 (15) 154 2.8 2.9 X 10!
19mH g 44 m 0.158 (58.4) 167 52 14
Hg 469 d 0.279 (81.5) 132 2.7 2.4 X 107
208Ph 0.8s 1.064 (90) 58 0.56 9920
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BHEH L TCOAEVEOTER, BriicidaEssiz
B BVERA, Ny TITIYRFELT, il A
NTOENVLEDOEH - 2HALERHRIIEDS
T, ALV EVI RSB LRE L,
BT, bEE (y, n) RIBICK 2 FEGTRED
HaEnubh T8, fish, #FI=vs, 2X,
TUFEY, VA, NY Y LAEEDOESFED
L&MEIL 3 vOBORIZIRIMLTAZ L (K
5, £5), 1877403 Y 3924505 A5FD L
RET, ZHUTIFZ ED 10MeV DOFE T4 % 100kGy
B L & L7z, BIFE L RBRICIINE U RS2 O H
VYA M LAERSE, THIELDIZ, (4, n)
RISDABANT & 2 FEBgeen I TE £ L, 72

F4 =2 RRERR

Sample 10 MeY RadioactiYity
electron® (cpm)**
Black irradiated 3.4 £ (.5%k*
pepper non-irradiated 2.8 == 0.4%%*
White irradiated 1.4 =& 0.3%%*
pepper non-rradiated 1.2 &£ 0.3%%*
‘Background 12 + 0.4msx

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

MEBRANE 7.0 X 102Bg (l&ft~> 5 V)

Black

°
€ 10}
£-=
Q
-
a
o 10'H T
e
=
§ @

10'H

-]
10 1000

White
®® Peak Energy Nuclide

No.  (keV)

- @ 150 ‘'®*i=g§g

@ 160 '‘'=Cd

@ 246 '''~cd

@ 564 135

.. @ Bez 137m Ba

® 668 ‘''iCs

500 1000

Channel number
5 H&EEDILMA TS~ 100kGy HE %D y #A X2 P L

#5 HEEEDILMAT~Hl Eh 7z BERED 21

(y, n) Half Pepper Radioactivity (Bq/g) after
product life Black/White 0 days 5 days
MmCd 48.6 m Black 1.2 X 10 ND
White 7.2 ND

128mSn 40.08 m Black 9.2 ND
White 5.7 ND

122Gh 2.68 d Black 2.0 X 10! 6.5 X 107
White 2.1 X 10! 6.5 X 107

I8ImBa 2.552 m Black 2.2 ND
White ND ND

182Cs 6.47 d Black 1.6 X 10! 8.8 X 10
White 1.2 X 10! 7.7 X 107

ND] Not detected.
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72, JEHEITNEVLNLTHD, THhiTTSITNA
TUE S MR AT, 2135 HEIZHE - 7=
WAITIE, 1FE AL ORI SRt S his
WL ALIZEB T E T,

DX IREVIMERTEZ LD, X512,
177 L0 NE) KREQHFE#HOR Y 3
ERENAANFNS 72 L 0E LT, THFEHR Y H %
ICRP @ Publication30 12y TWAKIZKDFIFL £
L7z, ZORISEHETETA, EEEEZRNL 726
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% 6 Estimation of induced radioactivity in 100 kGy-irradiated pepper and caluculation of commited dose
equivalent (Hso) in gastrointestinal tract per intake of 1 g of irradiated pepper just after irradiation

. Half Pepper Radioactivity (Bq/g)

Nuclide life Black/White metal-added natural Hso (Sv/2)
MmCq 48.6 m Black 1.2 X 10 3.5 X 107 4.0 X 1016
White 7.2 1.1 X 10°® 1.3 X 1077¢

(ST wall)
128mSp 40.08 m Black 9.2 3.9 X 10™ 3.0 X 1016
White 5.7 8.0 X 107 6.1 X 10V

(ST wall)
122Gh 2.68d Black 2.0 X 10! 1.9 X 10°® 3.8 X 1016
White 2.1 X 107 3.6 X 10 7.2 X 10716

(LLI wall)
BmBg 2.552 m Black 2.2 8.7 X 10™* 2.6 X 10

White --- --- ---

(ST wall)
82Cs 6.47 d Black 1.6 X 10! 1.7 X 108 1.0 X 1077
White 1.2 X 10 1.7 X 10 1.0 X 108

(ST wall)

YK 1.26 X 10° y Black 3.7 2.0 X 108
(Natural activity in the sample) White 1.8 X 10! 9.9 X 101

(ST wall)

ST wall: Stomach wall. LLI wall: Lower large intestine wall
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