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Fig.1 ESR spectra of maize weevil before and after irradiation. Sextet signal (P:) is due to the hyper-
fine interactions from Mn?** ions. The hyperfine constant was ca. 7 mT.
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Fig.2 ESR spectra of red flour beetle before and after irradiation.
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Fig.3 ESR spectra of cigarette beetle before and after irradiation. Sextet signal (P») is due to the hyper-
fine interactions from Mn?* ions. The hyperfine constant was ca. 7 mT.
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Fig.4 ESR spectra of Indian meal moth before and after irradiation.
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Table 1 g value and hfc of maize weevil, red flour beetle, Indian meal moth and cigarette beetle

Maize weevil Red flour beetle  Cigarette beetle Indian meal moth
Before  After  Before  After  Before  After  Before  After
g-value 2.0755 2.0144 2.0144 2.0144 19961 1.9960 1.9966 1.9964
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Fig.5 Simulation curve.
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Table 2 Threshold power (mW) of maize weevil, red flour beetle, Indian meal moth and cigarette beetle

Maize weevil

Before  After  Before

Red flour beetle

Cigarette beetle Indian meal moth
After  Before  After  Before  After

Threshold power (mW) 6.0 5.5 7.0

6.0 7.0 5.0 7.0 7.0

Table 3 Relaxation time (T:and T:) of P signal of insects before and after irradiation

Maize weevil
Before  After  Before

Red flour beetle

Cigarette beetle Indian meal moth
Before  After  Before  After

T, (usec) 10.0 7.1 5.5
T, (nsec) 110 170 160

7.2 6.9 6.2 8.6
130 130 130 130

AARBE S BRI AN & 0 ik D 2 b T
MEND, B2, BOBAIZIEAN 2513 high-
spin, A #kiZ low-spin TH V), g I FEAR 510,
B 37372 WK T @ ESR &1l T & NUIX I 2
BEBNATE 0T, BEHAEIC X 2 MK
DEALE BRI A + o CEAT & 2 HEEA
Hbo

4. ¥ & &

EHDESRIC X BEHIZ ATV, FRGFALBRLIC
£ % ESR B9 0 L& ME L7z, Eligza s
VYAY, AZRAMERF, JYATT TR
AFH, INAIYNY AV THDB, EHDESR
B EREO TV VICHET 2ES5TH-
2o ~ARBOBH X B2 THY, HH
TV=FVHINEEZOND, 6 ARDEFIZ
M HRDOEF LI Nz, 72, Tu—
FZESA Rl Sz, ZHEERSEHRD
BHeEzbhi,

TG & > THRGTRT & [ U X 9 7% B
DT I A MGG A Sz, ESR G 55
IR ER IR S e ol YN ME
BOAE VEAEER (T, T, 2HEHLA. T
ET X —EDMHERL, B IIA SR
Lol

RIFALIZBWTH W SN 5 i KBS R 1
kGy L2 BT ESR G5 OBHNITHETH
572 LU, BoEEIc i meHREEIZRS
Nhhotz, SHITIEEHELEZ, A ERH

(19)

R L7 247, RS % SR ICARGET T
LUBENRDH L, AT =T TV H VORI X
BEALIZT TR, ERERA 4+ OB
HZFA, ESR I & 2 By dt oW % W
W2 EDVEETH S,

X ®

1) Balock, J. W., Burditt, A. K. Jr. and Christenson,
L. D, Effects of gamma radiation of various
stages of three fruit fly species, J. Econ. Ent., 56
(1), 42-46 (1963)

2) Balock, J. W., Burditt, A. K. Jr,, Stanley, S. T. and
Akamine, K. E, Gamma radiation as a quaran-
tine treatment for Hawaii fruit flies, J. Econ. Ent.,
59(1), 202-204 (1966)

3) FHBPRESC, LRI BT % IRGT L 7230 & 0 iy,
WAALEORE, B¥EB L UEZE, 59(3), 69-76
(1984)

4) Shimoyama, Y., Ukai, M. and Nakamura, H., Ad-
vanced protocol of detection for irradiated food
by ESR, Rad. Phys. Chem., 76, 1837-1839 (2007)

5) http:/nfrinaro.affrc.go.jp/

6) WA, MBEDLE, TILHEE, y MBS L 7
W NSO BT A Y HIBHEIC X 2T, RA-
DIOISOTOPES, 53, 501-506(2004)

7) BEBD WA, KMAH, WIH OB, BELT,
BIFAE VW EICL v —2 %24 A
RREAEROT Y H Vo, ZRRE, 38 1
5(2003)

8) AL, WBELT, MFE 7V — %MK TO ESR
W& By BB CRHE LT A 7 AD5G5HT,
RADIOISOTOPES , 56, 437-441 (2007)



806

9) Swartz, H. M., Bolton, J. R. and Borg, D. C., Bio-
logical Applications of Electron Spin Resonance,
pp.175, John Wileyz Sons, Inc.(1972)

Swartz, H. M., Bolton, J. R. and Borg, D. C., Bio-
logical Applications of Electron Spin Resonance,
pp.24, John Wileyz Sons, Inc.(1972)

Lund, A, Sagstuen, E. Sanderud, A. and Maru-

ani, J.,, Relaxation time determination from con-

10)

11)

tinuous-wave microwave saturation of EPR
spectra, Rad. Res., in press (2009)

EN 1786 Foodstuffs-detection of Irradiated Food
Containing Bone by ESR Spectroscopy, Euro-

12)

pean Committee for Standardization, Belgium
(1996)

Abstract

ESR Signals of Irradiated Insects

Mitsuko Ukar Hiromi KAMEYA, Taro IMAMURA *, Aki-

RADIOISOTOPES

Vol. 58, No.12

hiro MivaNosHITA*, Setsuko Toporiki* and Yuhei
SumvovyAaMA ** | Hokkaido University of Education,
1-2 Hachiman-cho, Hakodate-shi, Hokkaido 040-8567,
Japan, *National Agriculture and Food Research Or-
ganization, 2-1-12 Kannondai, Tsukuba-shi, Ibaraki
Pref. 305-8642, Japan, * *Muroran Institute of Tech-
nology, 27-1 Mizumoto-cho, Muroran-shi, Hokkaido
050-8585, Japan

Analysis of irradiated insects using Electron Spin
Resonance (ESR) spectroscopy was reported. The insects
were maize weevil, red flour beetle, Indian meal moth and
cigarette beetle that are hazardous to crops. The ESR
spectra were consisted of a singlet at g=2 and a sextet
centered at the similar g-value. The singlet signal is due to
an organic free radical. The sextet signal is attributable to
the hyperfine interactions from Mn** ions. Upon irradia-
tion, new signals were not detected. The relaxation times,
T; and T, showed no variations before and after irradia-

tion.
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