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Sahakan Monthonwattana 2010: Detection of Irradiated Rice Noodles by Electron
Spin Resonance (ESR). Master of Science (Applied Radiation and Isotopes), Major
Field: Applied Radiation and Isotopes, Department of Applied Radiation and Isotopes.

Thesis Advisor: Assistant Professor Wanwisa Sudprasert, Ph.D. 85 pages.

Electron spin resonance (ESR) spectroscopy is one of the physical methods for
identification of irradiation on the wide variety of foods. This technique is based on the detection
of free radicals induced in food composition by irradiation. In this study, ESR was applied to
identify the irradiated rice noodle. Detailed ESR investigation on irradiated noodle was carried
out in the dose range of 0.5 - 3 kGy using Bruker EMX spectrometer. The stability of that
radiation-induced ESR signal intensity at cold (-1 8°C) and room (25°C) temperatures was studied
over a storage period of 24 weeks. It was shown that operating conditions of the ESR
spectrometer were as follows : microwave frequency 9.826 GHz, microwave power 1.0 mW,
center field 3510 G, sweep width 100 G, modulation frequency 100 kHz, modulation amplitude
10 G, receiver gain 2 X 10’ G, time constant 163.84 ms and sweep time 51.2 s. Irradiated rice
noodle samples exhibited a strong, symmetric doublet ESR signal centered at g = 2.0001 whereas
unirradiated noodle exhibited a very weak signal. A linear relationship between the ESR signal
intensity and the absorbed dose was obtained for doses up to 3 kGy. The dose-response equation
was 'y = 10°x + 4290, where x and y were absorbed dose (kGy) and ESR signal intensity (a.u.),
respectively, and the correlation coefficient (Rz) was 0.9981. Storage temperature and time
strongly influenced on the fading of ESR signal intensity. Keeping the samples at -18°C and 25°C
for 24 weeks caused decreases of 50 % and 90 % in ESR signal intensities, respectively.
Furthermore, the shape of the ESR spectra was influenced by storage temperature and time.
However, long-term decay data at room temperature indicate that ESR technique can be used to
identify irradiated rice noodles during 24 weeks of room temperature storage after the irradiation

process.
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[1043] _FParameter List

7 Cperator: PR
Rezonator

e Acqu Date: 01200200
# of Scans: 1

71 Field

Center Field: 3510000 &
4 Sweep Width: 00,000 &
R ezolution: 1024 points

hiic rowaye
24 Frequency: 9.821 GHz
FPower: 0507 min

Receiver

0 R eceiver Zain: 2.00e+0032

hﬁ Fhase: 0.0 deg
Harmaonic: il

hdod. Frequency: 100,00 kH

hdod. Amplitude: 100 &

ESR signd intensity (a.u.)

i Signal Channel
= Conversion: 90000 ms
Time Constant 162.240 ms
Suweep Time: 51200 =

2460 240 2420 240 2500 2510 2520 2520 2540 2580 2660
Magnetic field [G]

NN 26 ESR spectra NUAHUL 102ANNGINHNIZ Y

2.4 P3%1IA1 Microwave power Lﬁmﬁllﬁ1 Microwave power 311 0.4 mW llauds
20 mW W11 ESR signal intensity SANRUAL06191AE 2 1UFTN 910 0.4 mW 592 mW
1Nt ESR signal intensity 92A0E9) A udaB R e 1491 Microwave power 910 6
mW 9159 20 mW danaasluasamaruani 1 v aunseadiensdanuduiusseniieh
ESR signal intensity AUSINAAIUDY Microwave power 1@ §9nIMdi 27 Fawni an

Microwave power MrNzeay Ao 1 mwW
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[F10°6] Parameter List
Operator; PhiA
1.0 Resonator:
Acqu. Date: 012042010
# of Seans:
0.3
Field
Center Field: 3510.000 G
0.6 Sweep Width:  400.000 &
Rezolution: 1024 paoints
0.4 Micranave
g Frequency: 2831 GHz
c Fower: A.006 mii
~— 0.2
,B‘ Receivar
2] Receiver Gain: 2.00e+002
§ 0.0 Fhase: 0.0 deg
= Harmonic: 1
- Mod. Frequency: 100.00 kHz|
B 021 hod. Amplitude: 4000 &
k=)
4 Signal Channel
o -0 C R
193} onversion: 50,000 ms
l Time Constant 162.240ms
.06 Sweeep Time: 51200 =5
0.s
=107
T T T T T T T T T 1
24960 20 2420 2400 2500 10 520 2520 2540 280 660
Magnetic field [G]

NN 28 ESR spectra Y94AI0619118MAI91N115U5V Modulation amplitude

o = A A o Y
1NNITNADDY TINITDUITNNICOMTNMNUNN NI TUVDIUATOI ESR mam”lﬂh“lu

a d o 1 9 d' Y o dy
ﬂﬁ’JLﬂiWW@]’J@EJNLﬁUW?Jllﬂ AN

Microwave frequency = 9.826 GHz
Microwave power = 1.0 mW
Center field = 3510 G
Sweep width = 100 G
Modulation frequency = 100 kHz
Modulation amplitude = 10 G
Receiver gain = 2x10° G
Time constant = 163.84 ms

Sweep time = 512 s
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[1043] O kGy (Control) Parameter List
74 Operator: PhA
Rezonator
e Acqu, Date: 012002010
# of Scans: 1
51 Field
Center Field: 3510.000 &
B Sweep Wfidth: 100,000 &
R ezalufion: 1024 points
=
icranave
24 Frequency: Q231 GHz
Fower: 1007 mue

Receiver
Recefver Gain: 2.00e+003
Fhase: 0.0 deg
4 H armonic: 1
hod. Frequencsy: 100,00 kH
Mod. Amplitude: 1000 &

ESR signal intensity (a.u.)

1 Signal Channal
2 Conversion:  50.000 ms
Time Constant 1635840 ms

4] Sweep Time: 51.200s=
54
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048] Parameter List

Operator: PMA
Rezonator:

Acqu Date: 0120/2010
# ofScans: 1

Field
Center Field: 3510.000 &
Svweep Width: 100000 &

2
=]

R esalution: 1024 points
0.4 bfic rovuane

Frequency: 89.831 GHz

Fower: 1006 my

o
L]

Receiver
R eceiver Gain: 2.00e+003
Phase: 0.00 deg
Harmaonic: 1
Mod. Frequency 100.00 kHZ
Mod, Amplitude: 1000 &

=
L )

Signal Channel
Conversion:  50.000 ms
Time Constant 163840 ms
Sweep Time: S51.200s

_ ESRsignal intensity (a.u.)
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[F03] P arameter List
Operator: PhA
00+ R esonator:
Acqu. Date: 02042010
# ofScans: 1
iy Fiald

Center Field: 3510000 &
Sweep Wifidth:  100.000 &

Q00 Resoluion: 1024 points
dicromave
F requency: 9.845 GHz
a0 Fawer: 1005 md
Feceiver
Recetver Gain: 2.00e+002
Phase: 0.00 deg
Harmonic: 1

Mod. Frequeney: 100,00 kHZ
Mod. Amplitude: 1000 &

=]
o

Signal Channel
Conversion:  50.000-ms

ESR signal intensity (a.u.)

-]
=]

Time Constant 163540 m=
Swweep Time:  51.200 =

_E004

T T T T T T T
34960 3470 3450 340 500 3510 3520 3530 3540 =580 3560

Magnetic field [G]

d' [ o 1 9 A v A a s I A
HMNN 33 anbkue ESR spectra Y9IAIDYIUTUNUNNIUNITRIYIIT 3 ﬂjalﬂiﬂ MNUN
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A LAZAININNY

T  Absorbed ESR signal intensity (a.u.) (xlOS)

CC) dose Time after irradiation (week)
(kGy) 0 1 2 3 4 8 12 16 20 24

-18 0 032 032 030 032 029 030 030 028 027 028
0.5 5.56* 5.34* 5.00* 4.41* 4.17* 3.95% 3.70* 3.43* 3.18* 2.56*
1.0 11.12* 10.87*10.26* 9.06* 8.90* 8.45* 8.08* 7.27* 6.08* 5.22%
1.5 16.43* 15.63* 14.42* 13.20* 12.96* 12.50* 11.86* 11.01* 10.12* 8.81*
2.0 23.64* 21.90*%20.46* 18.12* 17.37* 17.02* 16.69* 15.32* 13.40*12.01*
3.0 33.81* 32.67*30.89* 28.59*27.08* 24.59* 20.68* 18.82* 16.89* 16.15*

25 0 032 029 029 031 029 030 031 0.28 028 0.28
0.5 5.56*% 3.64* 3.11* 2.60* 2.49* 1.92* 1.51* 1.25*% 0.89* 0.52%*
1.0 11.12* 9.37* 5.98* 4.70*% 3.64* 3.02* 2.05* 1.60* 1.22* 0.74*
1.5 16.43* 13.35*% 9.02* 6.97* 6.19*% 4.77* 3.22* 2.80* 1.99* 1.39%
2.0 23.64* 17.15%11.67* 9.25*% 8.52* 6.39* 4.20* 3.32* 2.28* 1.83%*
3.0 33.81* 24.08* 18.39* 14.30* 12.86* 9.03* 5.35* 4.35% 3.49* 3.20%*

* Significant difference from control (0 kGy, 0 week) at p < 0.05
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T Absorbed Fading of ESR intensity (%)
‘0) dose Time after irradiation (week)

(kGy) 1 2 3 4 8 12 16 20 24

-18 0 0.5 6.2 0.4 8.6 5.9 5.5 1.5 152 109

0.5 4.0 10.1 207 249 29.0 335 382 428 540

1.0 2.3 7.8 185 200 240 273 346 453 531

1.5 4.9 123 197 21.1 239 27.8 33,0 384 464

2.0 7.3 134 233 265 28.0 294 352 433 492

3.0 3.4 8.6 154 199 273 388 443 500 522

25 0 8.4 10.5 2.1 9.2 6.7 4.5 11.3 11.2 12.2

0.5 346 44.1 533 553 655 728 775 839 90.7

1.0 15.8 463 577 673 72.8 8l1.6 856 89.0 933

1.5 18.7  45.1 576 623 71.0 804 83.0 879 915

2.0 274 506 609 640 729 822 859 903 922

3.0 288 456 5777 62.0 733 84.2 87.1 89.7 90.5
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2. AAMEMINNUVLUATEI ESR spectrometer Model Bruker EMX

- Microwave frequency : 9.826 GHz
- Microwave power ; 1.0 mW
- Magnetic field 2 Center 3510 G

Sweep width 100 G

- Signal modulation : Frequency modulation 100 kHz
Modulation amplitude 10 G
Time constant 163.84 ms
Sweep time 51.2 s

- Receiver gain : 2x10°G
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A 1INV Radiochromic film dosimeter FWT-60

Specifications

+Type of Dosimeter: radiochromic thin film

+FWT Trade name: Radiachromic Dosimeter

+Dose Range: 0.5-200 kGy (0.05-20 Mrad)

+Dose Rate Dependence: Independent to over 10” Gy/sec
«Intrinsic Sensitivity: The response (change in absorbance divided by
thickness) is independent over unit thickness. Calibration of one
thickness is applicable to all thicknesses.

+Peak color wavelength: 605 nm

+Wavelength of interest: 510 nm and 600 or 605 nm

+Color Build Up Time: Typically within 1 hour

+Color Change: Unirradiated: clear; irradiated: deep blue

+UV Sensitivity: Will color when exposed to wavelengths less than

350 nm.
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Psinusidganaunasivialdein Radiochromic film dosimeter FWT-60

ﬂ?mm%’q%@@ﬂﬁuﬁ ﬂ?mm%“@%ﬂﬂﬂﬁuﬁmni'ﬂ"lﬁmﬂ ANuAMIAIATEY
#0493 Radiochromic film dosimeter FWT-60 (%)
(M Tansd) (M Tansd)
0.5 0.479 4.20
1.0 1.034 3.40
1.5 1.466 2.27
2.0 1.925 3.75

3.0 2.868 4.40




MANHIN U

ESR signal intensity 1 Microwave power Qm‘ifi{]ﬁ u,amxaxnm@hm
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A1319WUINA Y1 A1 ESR signal intensity YIAI0610FUHNNEIUMMTRIBSIF 3 kGy

11otWUAT Microwave power 911 0.4 - 20 mW
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Microwave power

. 172
Microwave power

ESR signal intensity (a.u.)

Top Bottom Total

0.4 0.6 420900 459900 880800

0.6 0.8 1034000 1104000 2138000
0.9 0.9 1576000 1675000 3251000
1.0 1.0 1703000 1845000 3548000
2.0 1.4 2697000 2919000 5616000
3.0 1.7 3304000 3603000 6907000
4.0 2.0 3577000 3956000 7533000
6.0 24 3975000 4226000 8201000
12.0 3.5 4002000 4338000 8340000
16.0 4.0 3993000 4298000 8291000
20.0 4.5 3927000 4263000 8190000




MIIWUINN U2 AUNTY ESR signal intensity 1ZAIAINLIAVUNIATFIUUDI

(J ' Y A o A 1
G]’Ji’]EJNLET‘L!‘H?J‘VIN”Ii!ﬂ”l'iﬂ”lfliﬂﬁﬂ%lﬂﬂl@ﬂﬂﬂ

66

ESR signal intensity (a.u.)

Dose No.
Top Bottom Total Average S.D.
1 15338 15647 30985
0 kGy 2 16639 16931 33570 31969 1399
3 15486 15865 31351
1 2.54E+05  2.95E+05 549000
0.5 kGy 2 2.65E+05 2.99E+05 564000 555900 7572
3 2.64E+05 2.90E+05 554700
1 5.26E+05 5.69E+05 1095200
1.0 kGy 2 5.32E+05 5.55E+05 1087000 1112133 36661
3 5.57E+05 5.97E+05 1154200
1 7.94E+05 8.42E+05 1636600
1.5 kGy 2 7.95E+05  8.51E+05 1645800 1643100 5656
3 7.94E+05  8.53E+05 1646900
1 1.19E+06  1.20E+06 2396000
2.0 kGy 2 1.17E+06  1.19E+06 2362000 2363667 31533
3 1.15E+06  1.18E+06 2333000
1 1.65E+06  1.69E+06 3339000
3.0 kGy 2 1.63E+06  1.69E+06 3313000 3380667 95574
3 1.70E+06  1.79E+06 3490000
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MIIWUINN U3 AUNTY ESR signal intensity LAZAITIUDIUUULINT FIUUDIAIDY

9 A v A 1 3 o A a o I
Lﬁ‘lﬁ’ill‘ﬂNTHﬂTiﬂTﬂiQﬁﬂ%N1m@nﬂﬂ HagnUINHINQUNHU - 18 C 1)

(Y] 4
na1 1 dlav

ESR signal intensity (a.u.)

Dose No.
Top Bottom Total Average S.D.
1 15233 15478 30711
0 kGy 2 16439 16836 33275 31804 1323
3 15727 15698 31425
1 2.50E+05 2.86E+05 535600
0.5 kGy 2 2.53E+05  2.89E+05 541400 533567 9023
3 2.44E+05  2.80E+05 523700
1 5.17E+05  5.60E+05 1077800
1.0 kGy 2 5.03E+05  5.44E+05 1046300 1086833 45724
3 5.50E+05 5.87E+05 1136400
1 7.53E+05  7.93E+05 1545800
1.5 kGy 2 7.53E+05  8.01E+05 1554200 1563200 23246
3 7.68E+05  8.21E+05 1589600
1 1.09E+06  1.16E+06 2244000
2.0 kGy 2 1.04E+06  1.11E+06 2158000 2190333 46801
3 1.06E+06  1.11E+06 2169000
1 1.53E+06  1.62E+06 3153000
3.0kGy 2 1.56E+06  1.64E+06 3205000 3266667 154053
3 1.68E+06  1.76E+06 3442000
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MINIWUINT U4 AUNTY ESR signal intensity LAZAITIUDIUUULINT FIUUDIAIDY

a

9 A v A 1 IS o A
Lﬁ‘lﬁ’ill‘ﬂNTHﬂTiﬂTﬂiQﬁﬂ%N1m@nﬂﬂ HASINUINYINGUNHY 25

U

°c Flunan

1 dland
ESR signal intensity (a.u.)
Dose No.
Top Bottom Total Average S.D.
1 13934 14679 28613
0 kGy 2 14046 14249 28295 29297 1469
3 15615 15368 30983
1 1.77E+05  1.71E+05 347900
0.5 kGy 2 1.86E+05  1.86E+05 372600 363800 13796
3 1.91E+05  1.80E+05 370900
1 4.82E+05  5.04E+05 985300
1.0 kGy 2 4.51E+05  4.72E+05 923100 936733 43387
3 4.40E+05  4.62E+05 901800
1 6.51E+05  7.10E+05 1361600
1.5 kGy 2 6.31E+05  6.81E+05 1312500 1335100 24781
3 6.41E+05  6.90E+05 1331200
1 8.26E+05  9.12E+05 1737900
2.0 kGy 2 8.23E+05  8.85E+05 1708100 1714967 20387
3 8.04E+05 8.95E+05 1698900
1 1.17E+06  1.26E+06 2431000
3.0kGy 2 1.13E+06  1.21E+06 2345000 2408000 55218
3 1.18E+06  1.27E+06 2448000
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MIHUINT ¥5 AUNAY ESR signal intensity LAz A@IULEUUUNIATIIUUDIAIOI N

9 A v A @A 1 3 o ~ a o I
L'ﬁu‘ﬁll‘ﬂNTHﬂ”IﬁﬂTEJﬁQﬁ']JilJ”Iﬂ!@TQ“V] HaginuInNyIMgUmgy - 18 C Wy

Y] 4
a1 2 dlav

ESR signal intensity (a.u.)

Dose No.
Top Bottom Total Average S.D.
1 14615 14288 28903
0 kGy 2 15958 16070 32028 29999 1759
3 14154 14912 29066
1 2.35E+05  2.56E+05 491200
0.5 kGy 2 2.39E+05  2.62E+05 500700 499600 7908
3 2.44E+05  2.63E+05 506900
1 491E+05 5.27E+05 1017700
1.0 kGy 2 4.96E+05 5.30E+05 1025800 1025933 8301
3 4.98E+05 5.36E+05 1034300
1 6.92E+05  7.34E+05 1425300
1.5 kGy 2 7.01E+05  7.44E+05 1445500 1441567 14700
3 7.05E+05  7.49E+05 1453900
1 9.79E+05 1.03E+06 2006400
2.0 kGy 2 1.00E+06  1.05E+06 2056000 2046133 35834
3 1.01E+06  1.06E+06 2076000
1 1.49E+06  1.57E+06 3054000
3.0 kGy 2 1.51E+06  1.58E+06 3091000 3089333 34530
3 1.53E+06  1.60E+06 3123000
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MIHUINT ¥6 ALNAY ESR signal intensity LAz AT@IULEUUUNIATIIUUDIAIOI N

a

9 A v A 1 IS o A
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°c Flunan

2 dled
ESR signal intensity (a.u.)
Dose No.
Top Bottom Total Average S.D.
1 15231 14574 29805
0 kGy 2 13935 13471 27406 28600 1200
3 14349 14240 28589
1 1.72E+05  1.51E+05 322400
0.5 kGy 2 1.63E+05  1.42E+05 305400 310633 10211
3 1.63E+05  1.41E+05 304100
1 2.86E+05 2.82E+05 568500
1.0 kGy 2 3.08E+05  3.00E+05 608400 597600 25479
3 3.09E+05 3.07E+05 615900
1 436E+05  4.54E+05 890600
1.5 kGy 2 4.45E+05  4.57E+05 902100 901600 10759
3 4.48E+05  4.64E+05 912100
1 5.61E+05 5.97E+05 1157600
2.0 kGy 2 5.66E+05 6.02E+05 1168100 1167167 9136
3 5.72E+05  6.04E+05 1175800
1 8.67E+05  9.42E+05 1808700
3.0 kGy 2 8.90E+05 9.64E+05 1854400 1838667 25963
3 8.86E+05  9.67E+05 1852900
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MI1HUINT ¥7 AUNAY ESR signal intensity 1Az A1@IULEUUUNINTIIUUDIAI0I N
9 A v A @A 1 3 o ~ a o I
[FUnNNAIUMINBTIFUTIIBN tazinuinyIngavgil - 18 °C 11lu

(Y] 4
a1 3 dlav

ESR signal intensity (a.u.)

Dose No.
Top Bottom Total Average S.D.
1 16038 16149 32187
0 kGy 2 15793 15936 31729 31845 301
3 15928 15692 31620
1 2.16E+05 2.24E+05 440200
0.5 kGy 2 2.15E+05 2.23E+05 437500 440833 3691
3 2.19E+05 2.26E+05 444800
1 4.53E+05  4.56E+05 909000
1.0 kGy 2 4.52E+05  4.55E+05 906900 906033 3482
3 4.50E+05  4.53E+05 902200
1 6.65E+05  6.72E+05 1337400
1.5 kGy 2 6.39E+05  6.65E+05 1304700 1320033 16445
3 6.49E+05 6.69E+05 1318000
1 8.97E+05 8.99E+05 1796700
2.0 kGy 2 9.01E+05 9.14E+05 1814800 1812100 14243
3 9.02E+05  9.23E+05 1824800
1 1.41E+06  1.44E+06 2847000
3.0 kGy 2 1.42E+06  1.45E+06 2871000 2859000 12000

3 1.41E+06 1.45E+06 2859000
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M319HUINT ¥8 ALNAY ESR signal intensity LAz AdIULEUUUNINTIIUUDIAIOI

9 A v A 1 IS o A
Lﬁlﬁ’ill‘ﬂNWUﬂ”I'iﬂ”IEJiQﬁ']J%?ﬂﬂ!@nQG] HaZInNUINBINQUN

U

a

o I
3 25 °C Wunan

3 dland
ESR signal intensity (a.u.)
Dose No.
Top Bottom Total Average S.D.
1 16486 14996 31482
0 kGy 2 15792 15583 31375 31295 237

3 15208 15820 31028
1 1.46E+05 1.12E+05 258200

0.5 kGy 2 1.50E+05  1.09E+05 258900 259867 2307
3 1.51E+05  1.11E+05 262500
1 2.49E+05  2.10E+05 458200

1.0 kGy 2 2.51E+05 2.39E+05 489900 470367 17086
3 2.48E+05 2.15E+05 463000
1 3.65E+05  3.43E+05 707700

1.5 kGy 2 3.62E+05  3.34E+05 696000 697467 9585
3 3.59E+05  3.30E+05 688700
1 476E+05  4.56E+05 931900

2.0 kGy 2 473E+05  4.50E+05 923100 925267 5859
3 4.69E+05  4.52E+05 920800
1 7.23E+05  7.09E+05 1431300

3.0 kGy 2 7.11E+05  7.02E+05 1413800 1429867 15400
3 731E+05  7.13E+05 1444500
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AIHUINT ¥9 AUNAY ESR signal intensity LAz A1dIULEUUUNINTIIUUDIAIOI N
9 A v A @A 1 3 o ~ a o I
[FUnNNAIUMINBTIFUTIIBN tazinuinyIngavgil - 18 °C 11lu

A
011 1AU

ESR signal intensity (a.u.)

Dose No.
Top Bottom Total Average S.D.
1 13947 14155 28102
0 kGy 2 14539 15028 29567 29204 973
3 14937 15007 29944
1 1.95E+05 2.17E+05 412100
0.5 kGy 2 1.99E+05  2.18E+05 417500 417433 5300
3 2.01E+05 2.21E+05 422700
1 426E+05 4.49E+05 874600
1.0 kGy 2 433E+05  4.63E+05 896700 889767 13151
3 435E+05 4.63E+05 898000
1 6.21E+05  6.70E+05 1290600
1.5 kGy 2 6.22E+05  6.74E+05 1296000 1295767 5054
3 6.22E+05  6.79E+05 1300700
1 8.28E+05  8.88E+05 1715600
2.0 kGy 2 8.39E+05  8.98E+05 1737700 1737400 21652
3 8.51E+05  9.08E+05 1758900
1 1.30E+06  1.39E+06 2680000
3.0 kGy 2 1.32E+06  1.40E+06 2719000 2708000 24434

3 1.32E+06  1.40E+06 2725000
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AIHUINT ¥10 ANDAY ESR signal intensity 1Az AL oUUUNINTIIUUDIAIOI

9 A v A 1 I~ ~ a o I
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U
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a1 wau

ESR signal intensity (a.u.)

Dose No.
Top Bottom Total Average S.D.
1 15100 13476 28576
0 kGy 2 14968 14139 29107 29019 407
3 15003 14372 29375
1 1.36E+05 1.11E+05 247100
0.5 kGy 2 1.37E+05  1.11E+05 248300 248600 1670
3 1.37E+05  1.13E+05 250400
1 1.87E+05  1.78E+05 364800
1.0 kGy 2 1.87E+05  1.77E+05 363500 364033 681
3 1.86E+05  1.78E+05 363800
1 3.03E+05  3.12E+05 615700
1.5 kGy 2 3.05E+05 3.15E+05 620300 618633 2548
3 3.06E+05  3.14E+05 619900
1 4.14E+05  4.36E+05 850400
2.0 kGy 2 4.14E+05 4.37E+05 851700 851733 1350
3 4.17E+05  4.36E+05 853100
1 6.14E+05  6.63E+05 1276600
3.0 kGy 2 6.17E+05  6.70E+05 1286800 1285567 8418

3 6.22E+05 6.71E+05 1293300
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AIHUINT V11 AUNAY ESR signal intensity LAz aAd@IUDEUUUNIATIIUUDIAIOI
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@ saznunuIngurgi - 18 °C 1l

ESR signal intensity (a.u.)

Dose No.
Top Bottom Total Average S.D.

1 14932 15196 30128

0 kGy 2 14796 15203 29999 30087 76
3 14919 15214 30133
1 1.82E+05 2.08E+05 389400

0.5 kGy 2 1.82E+05  2.11E+05 392800 394500 6129
3 1.88E+05  2.13E+05 401300
1 3.99E+05  4.33E+05 832300

1.0 kGy 2 4.06E+05  4.40E+05 846000 845233 12568
3 4.11E+05 4.46E+05 857400
1 5.95E+05 6.38E+05 1233400

1.5 kGy 2 6.06E+05  6.44E+05 1250700 1250433 16902
3 6.12E+05  6.56E+05 1267200
1 8.19E+05 8.75E+05 1694600

2.0 kGy 2 8.22E+05  8.80E+05 1701900 1701633 6904
3 8.30E+05  8.78E+05 1708400
1 1.18E+06  1.25E+06 2431000

3.0 kGy 2 1.20E+06  1.26E+06 2459000 2459000 28000
3 1.21E+06  1.28E+06 2487000
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AIHUINT V12 ANUNAY ESR signal intensity 1Az aAdIUDEUUUNINTIIUUDIAIO
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25 °C Slu

U

ESR signal intensity (a.u.)

Dose No.
Top Bottom Total Average S.D.
1 14739 15012 29751
0 kGy 2 14658 15037 29695 29836 198
3 14875 15188 30063
1 1.06E+05  8.50E+04 190762
0.5 kGy 2 1.07E+05  8.57E+04 192446 191985 1070
3 1.07E+05  8.61E+04 192747
1 1.65E+05  1.37E+05 301600
1.0 kGy 2 1.63E+05  1.36E+05 299400 302167 3089
3 1.68E+05  1.38E+05 305500
1 2.58E+05 2.23E+05 480600
1.5 kGy 2 2.52E+05 2.22E+05 473000 476633 3811
3 2.53E+05  2.23E+05 476300
1 3.30E+05  3.07E+05 636900
2.0 kGy 2 3.34E+05 3.08E+05 642300 639400 2722
3 3.30E+05  3.09E+05 639000
1 4.60E+05  4.41E+05 901500
3.0 kGy 2 4.69E+05  4.46E+05 915100 903433 10830
3 451E+05  4.42E+05 893700
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ESR signal intensity (a.u.)

Dose No.
Top Bottom Total Average S.D.
1 14892 15239 30131
0 kGy 2 14985 15233 30218 30210 75
3 15012 15268 30280
1 1.71E+05  1.97E+05 367800
0.5 kGy 2 1.73E+05  1.98E+05 370300 369700 1682
3 1.73E+05  1.98E+05 371000
1 3.82E+05  4.23E+05 804700
1.0 kGy 2 3.84E+05 4.24E+05 808000 808100 3451
3 3.87E+05  4.25E+05 811600
1 5.74E+05 6.11E+05 1185000
1.5 kGy 2 5.74E+05  6.12E+05 1185500 1185967 1266
3 5.75E+05  6.12E+05 1187400
1 8.04E+05 8.65E+05 1669000
2.0 kGy 2 8.01E+05 8.67E+05 1668500 1668933 404
3 8.07E+05  8.63E+05 1669300
1 9.99E+05  1.06E+06 2061800
3.0 kGy 2 9.99E+05 1.07E+06 2069700 2067767 5273
3 1.00E+06  1.07E+06 2071800
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25 °C Slu

U

ESR signal intensity (a.u.)

Dose No.
Top Bottom Total Average S.D.
1 14853 16210 31063
0 kGy 2 15025 15388 30413 30541 471
3 14933 15214 30147
1 8.23E+04  6.78E+04 150143
0.5 kGy 2 8.32E+04  6.82E+04 151430 151299 1096
3 8.32E+04  6.91E+04 152324
1 1.15E+05  8.87E+04 203870
1.0 kGy 2 1.16E+05  8.85E+04 204363 204840 1277
3 1.16E+05  9.02E+04 206286
1 1.77E+05  1.47E+05 323500
1.5 kGy 2 1.74E+05  1.47E+05 321200 321967 1328
3 1.75E+05  1.46E+05 321200
1 2.24E+05  1.95E+05 419500
2.0 kGy 2 2.25E+05  1.94E+05 418900 420267 1872
3 2.26E+05 1.97E+05 422400
1 2.81E+05  2.54E+05 534600
3.0 kGy 2 2.81E+05  2.54E+05 534700 535300 1127
3 2.82E+05  2.54E+05 536600
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ESR signal intensity (a.u.)

Dose No.
Top Bottom Total Average S.D.
1 14895 13294 28189
0 kGy 2 14327 13170 27497 28303 869
3 15013 14211 29224
1 1.70E+05  1.74E+05 343400
0.5 kGy 2 1.69E+05  1.74E+05 343000 343333 306
3 1.70E+05  1.74E+05 343600
1 3.50E+05 3.79E+05 728900
1.0 kGy 2 3.48E+05 3.81E+05 729800 727300 3579
3 3.47E+05 3.77E+05 723200
1 5.28E+05 5.69E+05 1097400
1.5 kGy 2 531E+05 5.72E+05 1102900 1100933 3066
3 531E+05 5.71E+05 1102500
1 741E+05  7.93E+05 1534000
2.0 kGy 2 7.40E+05  7.92E+05 1532500 1532067 2183
3 7.38E+05  7.92E+05 1529700
1 9.13E+05  9.69E+05 1881800
3.0 kGy 2 9.12E+05 9.70E+05 1881900 1881933 153

3 9.13E+05 9.69E+05 1882100
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25 °C Slu

U

ESR signal intensity (a.u.)

Dose No.
Top Bottom Total Average S.D.
1 13765 14398 28163
0 kGy 2 13884 14473 28357 28362 202
3 13925 14642 28567
1 6.51E+04  6.09E+04 126026
0.5 kGy 2 6.49E+04  6.04E+04 125250 124894 1346
3 6.41E+04  5.93E+04 123406
1 8.26E+04  7.56E+04 158175
1.0 kGy 2 8.47E+04  7.73E+04 162023 160002 1931
3 8.29E+04  7.69E+04 159809
1 1.55E+05  1.24E+05 278700
1.5 kGy 2 1.55E+05  1.25E+05 279600 279600 900
3 1.55E+05  1.26E+05 280500
1 1.71E+05  1.60E+05 330800
2.0 kGy 2 1.72E+05  1.60E+05 331500 332133 1739
3 1.74E+05  1.61E+05 334100
1 2.27E+05  2.07E+05 433600
3.0 kGy 2 2.29E+05 2.06E+05 435700 435433 1716
3 2.30E+05  2.07E+05 437000
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ESR signal intensity (a.u.)

Dose No.
Top Bottom Total Average S.D.
1 15624 13142 28766
0 kGy 2 13904 12805 26709 27115 1490
3 13826 12044 25870
1 1.52E+05  1.62E+05 314000
0.5 kGy 2 1.55E+05  1.63E+05 318300 318000 3859
3 1.56E+05  1.65E+05 321700
1 2.95E+05  3.10E+05 604900
1.0 kGy 2 2.98E+05 3.15E+05 613400 607933 4744
3 291E+05 3.14E+05 605500
1 4.85E+05  5.22E+05 1007200
1.5 kGy 2 4.90E+05 5.27E+05 1016600 1012033 4706
3 4.85E+05 5.27E+05 1012300
1 6.58E+05 6.81E+05 1339400
2.0 kGy 2 6.60E+05  6.83E+05 1342300 1339567 2654
3 6.55E+05  6.82E+05 1337000
1 8.39E+05  8.46E+05 1685000
3.0 kGy 2 8.41E+05 8.49E+05 1690300 1689367 3983

3 8.43E+05 8.50E+05 1692800
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25 °C Slu
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ESR signal intensity (a.u.)

Dose No.
Top Bottom Total Average S.D.
1 13789 14892 28681
0 kGy 2 13997 14198 28195 28385 260
3 13549 14729 28278
1 4.52E+04  4.23E+04 87436
0.5 kGy 2 478E+04  4.29E+04 90712 89258 1669
3 471E+04  4.25E+04 89626
1 6.89E+04  5.40E+04 122847
1.0 kGy 2 6.89E+04  5.24E+04 121322 121963 791
3 6.82E+04 5.35E+04 121719
1 1.06E+05  9.07E+04 196508
1.5 kGy 2 1.08E+05  9.27E+04 200748 198713 2125
3 1.07E+05  9.19E+04 198883
1 1.22E+05  1.05E+05 226900
2.0 kGy 2 1.21E+05  1.06E+05 226900 228200 2252
3 1.24E+05  1.07E+05 230800
1 1.83E+05  1.64E+05 347300
3.0 kGy 2 1.83E+05  1.66E+05 349200 349133 1801
3 1.85E+05  1.66E+05 350900
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ESR signal intensity (a.u.)

Dose No.
Top Bottom Total Average S.D.
1 13950 14487 28437
0 kGy 2 14042 14821 28863 28492 347
3 13877 14298 28175
1 1.26E+05 1.30E+05 255900
0.5 kGy 2 1.25E+05  1.31E+05 255900 255833 115
3 1.25E+05  1.31E+05 255700
1 2.42E+05 2.75E+05 516200
1.0 kGy 2 2.45E+05  2.79E+05 523300 521900 5145
3 2.47E+05  2.79E+05 526200
1 4.11E+05 4.67E+05 877600
1.5 kGy 2 421E+05  4.64E+05 884300 881467 3467
3 4.17E+05  4.66E+05 882500
1 5.73E+05 6.20E+05 1193300
2.0 kGy 2 5.78E+05  6.29E+05 1206800 1201200 7038
3 5.776E+05  6.27E+05 1203500
1 7.97E+05  8.16E+05 1613000
3.0 kGy 2 7.98E+05 8.17E+05 1615600 1615033 1818

3 8.00E+05 8.17E+05 1616500
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ESR signal intensity (a.u.)

Dose No.
Top Bottom Total Average S.D.
1 13780 14298 28078
0 kGy 2 13596 14189 27785 28078 293
3 13899 14472 28371
1 2.60E+04 2.51E+04 51102
0.5 kGy 2 2.68E+04 2.53E+04 52149 51648 525
3 2.62E+04 2.55E+04 51694
1 4.43E+04  3.07E+04 74930
1.0 kGy 2 4.20E+04  3.03E+04 72331 73986 1438
3 4.44E+04  3.03E+04 74698
1 7.07E+04  6.60E+04 136635
1.5 kGy 2 7.05E+04  6.87E+04 139205 139419 2897
3 7.49E+04  6.76E+04 142417
1 9.45E+04  8.76E+04 182044
2.0 kGy 2 9.54E+04  8.93E+04 184700 183333 1330
3 9.47E+04  8.86E+04 183254
1 1.64E+05  1.57E+05 321600
3.0 kGy 2 1.63E+05  1.55E+05 317800 319733 1901
3 1.64E+05  1.56E+05 319800
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