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SUMMARY

Co—-60 irradiation facilities are used for various irradiation purposes such as
induction of mutations in aricultural and ornamental plants, food sterilizaion
and irradiation of biological. Suitable dosimetric procedures must be carried
out to establish facilityoperational parameters, such as the general dose
distribution, dose uniformity, and maximum and minimum dose positions prior
to the use of the facility. A panoramic Co-60 irradiation facility with an
initial activity, as of Febuary 20, 2004, of 400 TBq (10,800Ci) was constructed
in Applied Radiological Science Research Institute of Cheju National
University.

Mapping of the dose distribution inside the irradiation chamber can be
performed by measurement using  several types of dosimeters. We chose to

use an ionization chamber, a chemical dosimeter of FeSOs solution, CaSO,:Dy

thermoluminescence dosimeters (TLD) and MOSFET dosimeters.

The source rod is contained inside cylindrical pipes surrounded by dose
reducing lead shields. The measured data are radiation absorbed doses at
different distances from the center of the source rod for different exposed
times. Since it is generally accepted that the ionization chamber is most
correct in measuring the absorbed dose from a gamma ray source, we have
compared the measured data obtained with a Farmer type ionization chamber
and with other types of the aforementioned dosimeters. In order to evaluate
the accuracy of the dosimeters, we have investigated the linearity between
the absorbed dose and exposed time for all of the dosimeters. As was
expected, the ionization chamber has shown good linearities between the

absorbed dose and the exposed time, while other types of dosimeters have

vii



shown very limited linearities within certain ranges of the aborbed dose.

After this confirmation, we have chosen to use the ionization chamber to
determine the dose distribution inside the irradiation chamber. The chemical
dosimeter produces inaccurate results over 600 Gys because the Fricke
solution becomes saturated. In general, it produces lower values than the
ionization chamber. With surrounding the lead shield around the source, the
TLD and chemical dosimeters have shown incorrect results below 40 Gys.

The MOSFET dosimeters, which are often used in medical applications
such as dose verification in radiation therapy, also show good linearity but
generally show higher values than the ionization chamber.

We have found that by combination of placing the lead shields and
increasing the distance between the source and the object to be irradiated, the

irradiation chamber can deliver a dose rate range of 0.40~1,600 Gy/hr.
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F€2++H202_>F€3+ +0H+OH_
o714, Zt FAYA= HO: radicalS FASHA ™ o2 3k radicale] 3702
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Table 1. G-values of free radicals and molecules for ®*Co gamma rays

Radiation Solution GH) | GOoRH) | GH2 | GH02 | Gle—aq)
OCo 7ukA 0.8 N HoSO4|  3.70 2.92 0.39 0.78 0.00
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Fe(NH,)»(SOy)» &9 el 37 9@ 08 N H.SO, £ o 7 o] Fo]xd

itk o17]4 Mol@ £ 1000 cm® ol Follis asoR FAF B #ab

2e el Nolgk g9 w2e T (normality) 8 £ 188 F[olds= &
A3 gWREAFo g aWor FAEH BAHEHS O B I FaAUAY] =

T HWrbste BY §m=7t EWelAE 3% NaClg) F7hstEd NaCl €92
L7 B LB 93 dosimeterd AL E7EA S= LS F7] wlEolt) o]
¥ 79 EF Fricke dosimeter &<l 0.001 M¢] NaCls F7Fste] A zghoh
Ttk 0.001 Me] NaCls 7FebAl #W §ole] 7] EeEol e 4xs 24

o

A =7} A9 radiation chemical yield rate®] S71S fFast® =k (oF

=)
Mo
S
[

10 Gy/us o) ZAHAol= NaCl o] Fe''ol 29 Ao s F7
A 74 9o NaCl £98 F7leA= <o "o (AR 5, 2001). H=3+ A 43)
T FeSO; €AL& A7to] Aol webA [Fex(SOyslg& oz 2k3t7p dojir] uj

gol b ARH SAAHE JAAE 42 AES] w2 Ao vEE Aol

@O 2 L Zek=3E 53] o MESA AHste 32 FHRFE oF 3/4 A=
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U el ke JoRnE sl Aol $E AR

Mass[ g] = 0.4[M -2[L] - B.08[ g+ mol '] - 100

% mol

@ 0.784 g2] FeSO, +H& =353t
@ =3gA Fo Holde fUIETES HE Fol7] st 01169 g
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© o EF&de 32 FHFTE Hotol HIT Aol 20434 gSl Fricke §H&

® Fricke &< =T TEi F7/4oz vplE dofA 77F FdEE=S

olFA AAE HF dosimeter FHoll £ AV v Zrh
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Fig 1. Absorbance measurement system of the spectrophotometer

Fig 2. FeSO, solution vials for
dosimetry
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2) €924 FA (TLD)

(1) KCT-300 22
dgdAgA= CaSO, Dy TLAAS &xE wEe= (P) = HA

o

fd = ARg3 KCT-300 o]z} WHs Aztolth. KCT-300 &7k Ao P-3)
bes F7Fekl7] wiel olvl 83k Ho 2ol 9l Teflons FH7FHe

CaSO,Dy TL Z#bel H]sle] #Z%=7F =3(100 pR~ 10° R), fading 4o Fo

ol
il

WA el Wevk el A AR 9 84 dgAe e A%d Ao

2 Bug v 9 (Jeong Sun Yang 5 2002).

of &AE Aol 30 Gy ool Hw AFGeIA tha Holuh =Y P4
2 wolAu EahEy] AAAE Al wdste] Frlstnz nmAF FIo A

% ZHE Asd Aoz o

WA FEAES BES/] ARAE T4 KCT-300 2417 3)9 493

AT 3 B4 AL dojoditl, o] 9dl WA KCT-300 &2A4E &
A& (annealing) 3+ ¥ X PAHA T2 Co-60 HFFAAAS o] &ale] 10°

FE 10" Gy Helel e A#E 2AAZ F 24 fading E4E5 18]
24X 3F o] B3 F A=5kdh
2Ab o] o] g¥ TLD #57]%= Harshaw 45000.% 4z sHEAe] TTP
(Time-Temperature Profile)+ CollA] 6%7%F pre-heating® 20 C/sec? 7}
&2 320 CT7HA FsA71AA] = $ 320 ColA] 623 7}E (annealing) 3} 31
t} o714 125 CeollA 6%7F pre-heatingdl= o] f-+= AA Az PGrlo= &
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Fig 3. Dose characteristic curve of KCT-300 TLD pallets.

1003a 1

#
1aa

oA -""-'J

oEn

18- -

iE-2 1E-4 1E-3 1K) 0. ]
Dose(Gy)

(b) Low—dose
Fig 4. Dose characteristic curve of KCT-300 TLD pallets.
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Fig 5. KCT-300 pallets placed in

acryl case for dosimetry

3) A

Ag]ste PTW Farmer-type© =  £46] 06 cm’ol1 HEHS olady
(PMMA)3} SA(C)e2 T4 Utk ©] thimble type® dede W2 &
717 AfrEA Evs 7] Wil 2k % 7ol Wik w4l Aesitt

(Gavin Cranmer-Sargison %5 2003).

aela Al Sk ARl oba™ &9 Ae]zol WAE oM AR

S FRAgeR BET & Y
A el AdH dshEFe 917 (electrometer) & AHE-3te] S48 4 A=

H¥e 248 u AdE /2YE A%E BAATY AR BIAGe 2
Bl ok B7]e) ¥ wer AgHc Aol @A Ao Azish Aw o
o Q7)o wgel dEsn 1 gel WL AF A Am AFSHelA
Aol 4456 (ARPANSA, 2005) ¢l 7o) 4g171e] 7)% o]t}

a¥ 62 A9ASE oA " Aol AE #% Farmer-type A §Ho] EFoltt
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Fig 6. Electrometer and Farmer-type ionization chamber with shield cap.

I¥ 7S triaxial Alo]EolA  thimble Huvle] ZA=Z yekdith Outer
electrodei= Aol 59| outer shield?} 172 = o]%] 3l collecting electrodei= central
conductor?} AZA=T AolE9 inner shield= stem WolA T&5 HfEE=

o] 53l+= guard electrode® <1724 € Tt}

Crarrbar siem
L] 1
==L [ . —
Caster siecirode romnecied in
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Guard, Sonmciod i Cariral [colpchng) someEbmes o chamber siEmi
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sty o cabile
Cgber wlvimi]

______ sy D 3

Fig 7. Schematic of the cylindrical ionization chamber showing connections from triaxial

cable to chamber electrodes.

(1) A9 A (electrometer)

a. Ground referenced electrometers
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4) MOSFET

MOSFET (Metal oxide semiconductor field effect transistor) A #AE= %7]
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S 2005).
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Fig 15. The running motor and' control cable of the source holder
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Fig 20. Dose distributions measured as a function of the distance from the source with
different dosimeters (no shield)
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Fig 21. Dose distributions measured as a function of the distance from the source with
different dosimeters (one shield)
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Fig 22. Dose distributions measured as a function of the distance from the source with
different dosimeters (two shields)
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Fig 23. Dose distributions measured as a function of the distance from the source with
different dosimeters (three shields)
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Fig 24. Comparison of dose distributions measured with the ionization chamber and
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Fig 26. Ratio of the absorbed dose measured by Fricke dosimeter with respect to ion
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Fig 28. Three-dimensional view of dose rate distribution
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Fig 30. Horizontal isodose curves in the irradiation chamber with one shield (Gy/hr)
(2005.10.26 715%)
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Fig 31. Horizontal isodose curves in the irradiation chamber with two shields(Gy/hr)
(2005.10.26 71<#)
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Fig 32. Horizontal isodose curves in the irradiation chamber with three shields (Gy/hr)
(2005.10.26 71<#)
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Table 2. Dose rate range of the irradiation facility
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Fig 33. Angular anisotropicity of dose rate distribution
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Fig 34. Dosimetry for the mouse irradiation

Table 3. Dose rate of dosimetry for mouse irradiation

Dose(Gy/400s) | Average(Gy/400s)| STDEV RSD(%)
point 1-Head 10.83
point 2-back 10.87 10.85 0.02 0.22
point 3—abdomen 10.86
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Table 4. Relative dose-rate variation

along the size of well dish

1.05 1.06 1.04
0.99 1.0 0.92
0.94 0.95 0.87

Table 5. Comparison of the dose rate at different positions of the test

tubes containing the sample

Dose(Gy/400s) | Average(Gy/400s)| STDEV | RSD(%)
50ml ¥ -1.7cm 11.21
50ml S ¥ +1.7cm 10.41 10.76 0.41 3.83
50ml =°]+1.8cm 10.66
15ml 28 -1.0cm 10.86
15ml S8 +1.0cm 10.51 10.62 0.20 191
15ml #=°]+6.5cm 10.50

Fig 35. Measured points at well plate used for holding test
tubes (Left) and test tubes of different volumes (Right).
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Fig 36. Dose rate distribution along the height of the source rod
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