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Induced Radioactivity in Irradiated Foods by X Ray or gamma Ray

Summary

In the course of the archival studies on safety of irradiated foods by the US Army, experimental records con-
ducted by Glass & Smith , and Kruger & Wilson were investigated, based on our experimental experience.
Food irradiation by Co-60 or 4 ~ 24MeV X ray can induce small amount of radioactivity in the foods. The
principal mechanisms of the nuclear reactions are (y, n). The resulting nuclear products found in irradiated target
solutions were Ba-135m, Pb-204m, Hg-199m, Ag-107m,Ag-109m, Cd-111m,Cd-113m, Sn-117m, Sn-119m, Sr-87m,
Nb-93m, In113m, In-115m, Te-123m, Te-125m, Lu-178m Hf-160m by the (y, n) reaction. The total radio-activities
in beef, bacon, shrimp, chicken, and green beans were counted at 60 days after irradiation by Cs-137, Co-60, and
fuel element. The activities more than background were found in irradiated bacon and beef by Co-60.

and activities were found in most foods when foods were irradiated by high energy X ray and the fuel ele-

ment. The results were understood as the neutron activation by (y, n) or (n, y) reaction. Therefore, high energy
X ray and spent fuel element were not used for food irradiation.
As the results of this study Co-60 has been used with small amount of induced radioactivity in food.
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Sn119m (293d)
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Nb-93m (12y) <Ix10"—7 <2x100—9  <3x10—6
In-113m (1.67h) — — 1x10A—3
In-115m (4.5h) 2x100—6 9x10"—4 5x100—3
Te-123m (104d) - <8x10°—9  9x10°—8
Te-125m (58d) <7x10"—6 - -
Lu-178m (23m) - - 4x10°—5
Hf-160m (5.5h) 4x100—7 - 8x10"—5

Glass, R.A. & Smith, H.D., “Radioactive Isomers Produced in Foods by Gamma Rays and X Rays”,

Contract No DA-19-129-QM-1511 Report 3, 1960.
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d) Glass, R.A. & Smith, H.D., “Radioactive Isomers Produced in Foods by Gamma Rays and
X Rays”, Contract No DA-19-129-QM-1511 Report 3, 1960.
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#£6 FEFEEETOKEREZTELZ DTILX—0 X M CRE L= & EART T A ) ~—
(v #HE) (1 Ci/ g5k 5Mrad)

X BROTA/F—
RIS SRCE 4 8 16 24
Ba-135m (28.7h) 1x10"-4 8x10"-3 0.3 1
Pb-204m (67m) 1.4x10"-3 - 200 200
Hg-199m (42m) 9x10"-6 2x10"-3 - -
Fe <Ix10°-5 <3x106  (y. n) (v. n)
Zn <Ix10°-5 <3x10M6 - (v. n)
Agl07m (44s) <2x10"-3 (v. n) (v. n) (v. n)
Agl09m (40s)
Cdlllm (7.7m) 1x107"-2 2 (y. n) (vy. n)
Cd113m (14.6y)
Sn117m (13.6d) 3x10"-6 - 3x10M4 3x10M-4
Sn119m (293d)
Sr-87m (2.8h) 2x10"-3 4x10"-2 63 8x10"2
Nb-93m (12y) - - - (v. n)
In-113m (1.67h) (v, m) 8
In-115m (4.5h) 6x10"-3 1 9 16
Te-123m (104d) - - 2x107-5 -
Te-125m (58d) - - - 6x10"-5
Lu-178m (23m) 0.2 2x10"-4 04 0.5
HE160m (5.5h) - 9x10°-6 - -

a) Zn, Fe (3T R/ =0/, BRRAIRE TE 2272,

b) Glass, R.A. & Smith, H.D., “Radioactive Isomers Produced in Foods by Gamma Rays and X Rays”,
Contract No DA-19-129-QM-1511 Report 3, 1960.
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£7 XX 2 BMOHEGHE

X BRMeV)
Vs NI TI R 4 8 16 24
HRALFLT v HRRIE
A cpm/g 3 2 8 0 6
Bg/kg 1000 667 2667 0 2000
N—a cpm/g 9 10 40 7 80
Bg/kg 3000 3333 13333 2333 26667
sl cpm/g 1 0 4 8 5
Bg/kg 333 0 1333 2667 1667
Al cpm/g 2 0 5 4 6
Bg/kg 667 0 1667 1333 2000
VI A cpm/g 3 0 0 0 0
Bq/kg 1000 0 0 0 0
JRACAR v FRAE
4R cpm/g 21 21 22 21 63
Bg/kg 7000 7000 7333 7000 21000
N—a cpm/g 3 1 0 14 400
Bg/kg 1000 333 0 4667 133333
v cpm/g 16 14 18 16 63
Bg/kg 5333 4667 6000 5333 21000
A cpm/g 4 7 4 5 28
Bg/kg 1333 2333 1333 1667 9333
VT A cpm/g 27 19 22 26 51
Bg/kg 9000 6333 7333 8667 17000
JRAV#% B AHHIE
A cpm/g 75 86 100 73 80
Bg/kg 3125 3583 4167 3042 3333
N—z cpm/g 14 23 14 19 94
Bg/kg 583 958 583 792 3917
Tt cpm/g 50 51 57 59 70
Bg/kg 2083 2125 2375 2458 2917
Al cpm/g 31 26 25 25 30
Bg/kg 1292 1083 1042 1042 1250
VT A cpm/g 34 83 150 150 170
Bg/kg 1417 3458 6250 6250 7083

a) MRS 4, 8, 16, 24MeV O X it - & X OWIHREITZ 4 0.1kGy, 0.5k Gy,
2kGy, 3 kGy Th -7,
b) TOEITcpm/ g BERMOFBEMIEORII NNy 7 7T REZELFIWE, ito Ty
772 FOMEIFARETH LD, FRIZHDLDTEIRRT,
0 HU~Hh, N—AHOFHRERIIENEN 5%, 4 0%E LT, FENFAE L,
d) Krugar, P, Wilson, C.R. “Study to Determine Neutron Fluxes in Food Irradiation Facilities”,
DA-19-129-QM-741, 1960.



116 VA

B % 125 5 (2007)

4-4 FFHRBEHICLIPHETFORE

ERHERREEORMET 7 F v 7 Z&RE LT D & [F
UCHIETHMBOB TR EEO R TRELZHIE L
7. TORREERSITTT. P ORABITIINEEE
DEWVEFRBGEE IS E-ERMENRE VEEIZE
HHEFRENAKEWVWZ ERb2 S, BIESEmADLE
BT EES3MeVIRE TH Z < o725 E L.
—J5, 10MeVEL EOREBE TIXE b TN RETHETH
2 O ERAE LR,

20, &Itk OBE RIS Z S, RFFFOIMEESE
I25MeVafr k& L7z, —J5, 15MeVEHEZ TL o
<HEHHNBEZENT 256 bbb o7, Higs GbRWn
Zenn, INEELEOREICHBENR H o2 d Livau.
20034, AOACO Ji CUSDADHH Y F Ligim L= & &1
b, A& 722 YIRFIERR O = RV ¥ — % EREICRIE T
LU X D 7.

WTFHIZLTYH, ZOL D ICEEICNE I NZEF#R
T4 OIS E B M CREZTRREENH D721 T

SOGWTE O KR E SITETROT RV — L BT <, MROEFENEMAEZ &0, EENLE L TER)
#8 ETHRSEROFPETE (E,om’ - sec)
T
I WESHRF
TE—</L
MiER%  MeV S AT
T
(7B
il 1 A)
Mn In Dy Au In Au P Al Al \Y%
Or [OR Ee Ee Ee Ee
(146) (49 (25 4.6) 8.1 (11.5)
2
GE <1.8 <1.8 <54 — 0.0063 — — — — —
(1800)
35
GE 318 330 316 32 —  <20000
(4000)
8
Barnes <25 20 20 0.1 — <8000
(11-44)
6
ARCO <16 19 19 — 0.3 — <5000 <10000 <20000 <20000
(11-46)
15-35
MRH 97000 150000 98000 89000 670 1700 310000 530000 36000 < 16000
(0.28)
30
Stanford
(0.02- 1900 <2000 1600 <4300 17 14 190000 1700000 <26000 31000
U
0.05)

*kMeyer, R.A., ”Induced Radioactivity in Food and Electron Sterilization”, US. Army Natick Laboratories, 1965Glass, R.A. & Smith,
H.D., “Radioactive Isomers Produced in Foods by Gamma Rays and X Rays”, Contract No DA-19-129-QM-1511 Report 3, 1960.

Ny 7 JT 2R SO IR 2 3,

AR DO TEARICITE R L EZ BD,



XA ONT y # % IR U 7o i 4 U 2 58 i 58 117

LN s, MFEICRDECTH THET %
BlIDiahol-tEZONS.
COT—REIRIOXMOT —2 L FENRHDH. 8MeV
DZFXNVF =TT 25 & XHRBHOLGAEZL S AMIC
OWTHEBFEEZBE L-owcx L, Bmmicks
SMeVOXMIEA L T 5 B CTIXFF S e 4 4 <
BURILRD ST TH D, BRHENBE N LT, Z
NI EOERICHEN D - =R & <, BN
WO NHEEDREMNIE Lo T2 5Efand 5.

5. FLHLER

BUE RSB I E BRI ST % =391 160,
10MeVE TOETHE, WOSMeVE TOXHEEHANTH
BTG END LHRIC L - T, BEEZECD Z &
BHEINTND.

FEBSHTFEMICE E Ve ST D ansL
F60% S0kGyRE ST L 724, X—a bR Xy 775
U RD2AR%, MEOFLEHEREE ML Lz, F2,
IR SN TN WA, AW TH4.5kBq, ~—=2
2.3kBq, 2.7kBq’s & OFEBHRENBHEIS LTINS, X
51220kGyll F10kGyLh OB CTHH KI U AR 8T
(y, v ) KEBn@Egshk

Natick#iff ZEHT O A o < /XFRIEFHZ £ B Kb 325 O #E
&, 2.5MeV (EHBE AL TlEN—=ar, B—7 v
F 2= OEFIRBR S, R—a RV T AnD
N—FR, Ho~BREREL, TOBIHLE DT,

SMeVDBEFHULFREDOXRE LS DT, Zhz)f
K& 2BE O ERN TREIE. Lrl, &%
DHE, BB BT, ALz rx—0
XHROFER L FIET 5.

KB T 5 T8 e O BT IR B O G 0E
DO FET LV RRD. o T, HHETRIIM~ Oliisk
ICOWCHEA T UENRDH S, IABADEN IS XY,
L LIS < WEBRBE & S CE RS VR E
I e EBEZBND.

HERFREO BN DI NDT, R—F e EOREHT
I O KRR Z BT L T2 o RICES&E T —4
AHTMLERH 7. LL, EFMIHL ETET L
T, EBEOBMEITRR TR EE 2 DRI
T, FEEE, NatickfFZEFTOWMEICH H D23, &
TBYZHET B EZONDEEREREL, Th)E
T X VLT 5 2 &0, D VITEERATIET
T 72 0 BEHEMEE S B 7e PEBIZET VL TR
LREREEZ TS, EROS&MEBE L0 il
DIERPETIHEN D D .

BRMICOWTIIYIFO N A NE X201 B - /&
ENRREE T 5 85 e b, 77 7 8k T

MEMET 5L, (KRD Y DL KD HEEERD RO
HENDHDIWITFERFELZHE T VT bbb
AL OFGERIIE L.

FHEFEROPIZ, WNEZORARMLICEEHY &
HHFGER D DT, HIH OB X D EN
BROTeEH B L HERPEL AELIVNERDH LN, 4
BOMETHD. Bl2IE, 42 FickiT 2BENED%R
EHEEFRLER T, MHEZO/NEEBERT I V—T
DT RO K i FIRE AR 2 % < M S vz & v
7. HETIZNZOWTEMERDSER D RS L), %
NoBEHEOBROMTTL—HK LIEHERIE LTV
W ERIZOWT b, BEFICE LD, REORE,
FBRO I 72 EITRE SHAM TR Y. 2oL 5 RHBR
% BB RE D e E B OB DIEE LI A
LA bR,

BERKNELZRD TV B EEICBWT, BERLHO
TRV E#H L1990, AR TRLIZL Y T —4
DOFEF R ON TR ST, FHEMHEEDY 271
DN TR e ilam 1 JlE T DN TE RN H 5. #- T
HEOFZHEICLTYH, ZhOFHEMFREN A
KRB TEDONED, BEHIHET5Z LI3#E L.

PR AL 2 LR ST 5 72 I2E, RIS LR
MPRBLETHL. BRMBFIIZOT U H NV ERET
WCRAESHE, ARFOEH I UER EOHVBRILKY & B
WD SH D DT, TNHDOEEEZLIET A NERD
%, FEEICEREY A O RS EEENIIEZ < OWRINAIDME
HEhTnaZe® inb b, TNANBERAIRTHS
EEEH LN BRI O~ A T ADH & &
MBI X DT — R e N - =T, ZHBE
MBI ZLEE L2V ERLEZONDDT, £
BT OV TIEEMBEEAT O A U v MIREF V.

RBICAREIZENB R DD TH LR -T2, E
F o, HYHAHMEPRE RS OB TE v
& OBLEDH 10MeV DOE THEIRSIC L 28 Ge s T
fHECHE L=, NatickBFZERTORFZE L 0 & - LA
WHIFH D LRI OWT, BBl S TR Y, 504
BOHMG L EWBIERMICK S X, ZoOMBEIZES I
ERNEEA S .

—D—DIIF|AN—TEFR IR0 T2 M, BRSO
WTCENESDT =427 v 2R L, KGO %
Fotz. ¥

E i

K ELIZHE-TE, ~M70uT 4 v vakimk
WY, &ZOEDPNTEEIG % BUEO M CRAET 5 1F
EBNET, ZOTEDIIHET—HTHIAX T+ —
RK T N—F DF —Z DN T DS & BB E¥IC D



118

<

A

W % 125 5 (2007)

WCZBE &2 W W= e B AU SL PE S AR F 2R AT &
I B2 IR 5. JCODHEHDH &K lZiBhil

L% (y, n) UG,

o V- 470 8 B R0 I s D AL

72 EORTYEZLIZ OV TOFEME THICEIR LT
T2 B T3ENFISE ORE I TD K 0 ST 5.

*

2)

3)

4)

5)

6)

7

8)

9)

10)

1)

12)

13)

Z x
RO BEBRREORR L RN
41, 32-48 2006.
ZIERBMITEET RS~ O R R A o Ze vk
BT 2ECKO IR Y MR REE NESE
WMEZEERE FRISEERLZEBERBERA
20044F

AR A AFIEET AR R O ZeMEICET
SRS DUNLE - BHE ORERENEN R L 2Z
RO EE R i 2 BRI S TR A 20054F
Krugar, P., Wilson, C.R. “Study to Determine Neutron
Fluxes in Food Irradiation Facilities” , DA-19-129-
QM-741, 1960.
Smith, D.H., “Radioactivities
High-Energy Electrons” , DA19-129-QM-1100, 1962.
Meyer, R.A., ”
Electron Sterilization” , US. Army Natick Laboratories,
1965.
Becker, R.L., “Radioactivity Induced in Food by
10-MeV Electron Irradiation” , DAAGI7-76-0060, US.
Army Natick Research and Development Command
1977.
Becker, R.L.,A Determination of the Radioactivity

Ranfi

=
Ba

Produced in Foods by

Induced Radioactivity in Food and

Induced in Food as a Result of Irradiation by Elec-
tron of Energy between 10 to 16 MeV” , DAAK60-
78-R-0007, US. Army Natick Research and Develop-
ment Command 1979
National Radiological Protection Board, “Report on the
Radiological Implication of Irradiated Foods” , ANCIF,
“Report on the Safety and Wholesomeness of Irradiated
Foods” Appendix B 1985.
RHEZ, HHE— “10MeVE F# S & i P o
FHEBHRICONT?, REBKEIIEE S DR
REKBREE BRTA Y M=, 1992
B B RIS XD E e (10MeVEL T
DNKERIL) BRESFTEE S IR R RS
£ AARTA Y M=, 1992
ICGFI ” The Development of X-ray Machines for
Food Irradiation” Joint FAO/IAEA/WHO Consultant’
s Meeting on the Food irradiation 1995 Vienna.
IAEA ” Natural and Induced Radioactivity in Food” ,

14)

15)

16)

17)

18)

19)

20)

21)

22)

23)

24)

25)

TIAEA-TecDoc-1287, 2002, Austria.

Glass, R.A. & Smith, H.D., “Radioactive Isomers Pro-
duced in Foods by Gamma Rays and X Rays” , Con-
tract No DA-19-129-QM-1511 Report 3, 1960.
Glass, R.A. & Smith, H.D., “Radioactivities Produced
in Foods by High-Energy Electrons” , Contract No
DA-19-129-QM-1100 Report 10, 1960.

Krugar, P., Wilson, C.R.
Dosages by Food Irradiation Devices” Contract No
DA-19-129-QM-741, Report 12 final 1960.

Jarrett, Sr, R.D., Isotope Radiation Sources, Josephson,
E.S. & Peterson, M.S, Ed. Preservation of Food by
Tonization Radiation Voll, Chap6, CRC, Boca Raton,
1982.

WHO, ” High-dose Irradiation: Wholesomeness of
Food irradiated with Doses above 10kGy” , WHO
Technical Report Series 890, 1999, Geneva. pp.83.
BN W, B B, ERIES, REEMEAT, AR O,
“Co-60D Kt y MIRSC K 27 A vV ~— Dbk &
BRI F36MIEE TR D RINI TR - AR
MRRBEREEE 4, BERT A Y b—TM=, 1999,
WO

Al B, BURMEWE o NMEREIIEE OFLEk “H T
T¥rt, 1995, HAG TR 7 IRBRERUE RO
fREERERE TR HARR, 2005.

TSRS RS RS DR BNE & e 2 —
7 W R, B 511994, ppl57~ppl63. (JF XWHO,”
Safety and nutritional adequacy of irradiated food” ,
WHO, Geneva, 1994 pp.94-pp101.)

Science Committee for Food ,” Report of the Scientific
Committee for Food” , EUR,10840EN,Directorate-

“Determination of Neutron

General,Commission of the European Communities
1986,pp 5.

TAEA,
diation” , Vienna , 1979, pp. 81.

Miyahara,M., Maitani, T., Nakamura, M., Tanizaki, Y.,
Kobayasi, A New Photon Activation Reaction Method
for Detection of Irradiated Foods Which Treated with

” Decontamination of Animal Feeds by Irra-

High Energy Electron Beam. A Fundamental Ap-
proach. “The 117th Annual AOAC International Meet-
ing and Exposition, 2003.

Fr BASHOKE, BRFRESC, /INRBORTR T — 2
Ty, WIANEAE, 1982, R



