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PROGRESS OF DOSE CONSISTENCY FOR RADIOTHERAPY WITH THE
IONIZATION CHAMBER METHOD IN JAPAN

Katsuhiro KAWASHIMA

Abstract The changes of the definitions and the units of radiation quantities, absorbed dose,
exposure and kerma, are reviewed with chief events related to radiation dosimetry both at home
and abroad. Several dosimetry intercomparisons have been made for “Co gamma-rays, high
energy x-ray and electron beams and small sources for RALS from 1968 to 1979 in Japan.

In order to ensure dose consistency among radiotherapy hospitals in Japan, the Regional
Dosimetry Centers in medicine and biology were established by the Japan Radiological Society
in 1971. The first national megavoltage calibration protocol for the determination of absorbed
dose in radiotherapy was published by the Japanese Association of Radiological Physicists,
JARP, in 1972 and the newest revised one in 1986. In the protocol, ionization chambers,
specially JARP level dosimeter as reference dosemeter in the facility, are recommended because
of their availability, excellent reliability, precision and over 30 years extensive experience.

The ionization chambers are calibrated at ®Co gamma rays against one of 14 Regional
Dosimetry Centers traceable to the national standard of the Electro-Technical Laboratory, ETL,
through the National Institute of Radiological Sciences, NIRS. Therefore, practical know-how
on ionization chambers are also presented on fifteen main items. One of the issues on dosimetry
for radiotherapy in the future will be the correction method for inhomogeneous layers in patients.

Key Words: dose consistency, dosimetry intercomparison, ionization chamber, traceability,

history of dosimetry, Regional Dosimetry Center
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Fig. 1 Results of Cobalt-60 dosimetry intercomparison in

1969. The number of dosemeters and their
percentages to the total in each deviation are shown.
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Fig.2 Results of Cobalt-60 gamma dosimetry inter-
comparison in 1969. The number of dosemeters
and their mean coefficients of variation in various
districts in Japan are shown.
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Fig.3 Results of cobalt-60 gamma-ray dosimetry
intercomparison between NIRS and radiotherapy
facilities in Tokyo in 1971.
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Fig. 4 Results of dosimetry intercomparison between
NIRS and national hospitals in 1975. The
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mm are shown.
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Table 3 Results of dosimetry intercomparison between
NIRS and 14 regional dosimetry centers

E% %A i BEHR 9 —FH  EE*
1 1976.9.04  HEH 1.000+0.9% 5/14
2 1977.9.03 HEH 1.000+0.6% 2/15
3  19789.02 HEH 0.998+0.7% 1/15
4 1979.9.05 BHHAT 1.000+0.6% 1/13
5 1980.9.06  WMEMH 0.999+0.4% 0/16
6 1981.9.05 [EKEEMH 1.004+0.4% 1/19
7 1982.9.04 WFEX 1.000+0.6% 117
8 1983.9.03 EHR/KEHR 0.999+06% 2/20
9 1984831 #BX 1.002+0.3% 0/22

10 1985.9.07 HIEH 1.002+0.3% 0/25

n 1986.9.06 B/ IEHR 0.994+0.5% 2/28

12 1987.9.05 HEEKX 1.001+0.3% 0/28

13 1988.9.03 EBHI/MEN 0.999+0.4% 0/26

14 1989826 m#K 0999+0.2% 0/26

15 1990.9.01  BHMAE 1.001+£0.2% 0/26

16 1991.8.31 (¥ N 1.000+0.3% 0/26

17 1992829  AMK 1.000+0.2% 1/26

18 1993.828 KEH 0998+0.2% 0/27

19 1994903 FRA 1.003+£0.3% 0/26

* (RE %LU LOBSHEFY) / HEEBRER(T 245K
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Fig. 6 Changes of the number of dosemeter calibrations
and of output measurements per year from 1971 to
1994 made by 14 regional dosimetry centers.
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Table 4 The number and location of radiotherapy
facilities in Japan surveyed by questionaires

in 1990.
higk R BURE (%)  HEHEBER
RIEHEE (%)
it & & 31 14 (45) 14 (45)
® i 57 32 (56) 29 (51)
® 197 133 (68) 115 (58)
it BE 35 20 (57) 15 (43)
= . 123 63 (51) 53 (43)
piig -] 116 60 (52) 53 (46)
& &3] 67 31 (46) 30 (45)
it 47 19 (40} 17 (36)
hl - b 105 59 (56) 52 (50)
S 778 431 (55) 378 (49)

Table 5 Classification of hospitals with the number of
radiotherapy facilities and of patients treated
by radiation in 1990.

b= 31 HER EEM (Fih)
X 2 & & 78 23,847 (306)
I & ® 62 7,348 (119)
2 U B K 111 12,815 (115)

Ht+F - BEeHR 34 3,685 (108)
¥ m R 14 1.351 (97)
BN - EBR - 2R HE-EE 35 3,284 (94)
Bhtrd— - -BAFE 57— 14 6,201 (443)
E B & & B L& 26 3,504 (135)

xR 4 794 (199)

EE 378 62,829 (166)

Table 6 Traceability of “Co y -ray dosimetry for
radiotherapy in Japan.
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Table 7 Results of the exposure calibration factor for
“Co of NIRS's Dosemeters made by ETL.

JARP-Dosemeter NPL-TL-2561
Date NIRS-2 NIRS-4 #114
1982.7 0.973 0.940 1.090
1983.8 0.968 0.936 1.079
1985.7 0.969 0.938 0.922 1.078
1986.8 0.969 0.939 0.924 1.080
1986.11 0.940 0.925
1987.8 0.971 0.941 0.926
1988.8 0.969 0.940 0.924 1.081
1989.8 0.973 0.943 0.928 1.082
1990.8 0.970 0.941 0.925 1.082
1991.8 0.969 0.940 0.924 1.078
1992.7 0.968 0.940 0.925 1.081
1993.8 0.97 0.940 0.928 1.081
1994.8 0.968 0.940 0.926 1.081

Table 8 Results of International *Co gamma-ray
dosimetry intercomparison between NIRS
and foreign radiation facilities.

Year Facilit NIRS /Facilit
1976 TAMVEC/ 0.999 1.C. NDI
MDAH

1976 UW 0.991 I1.C. NDI
1980 SKI 1.000 I.C. PDI
1980 MGH 1.001 1.C. PDI
1981 BIPM 0.999 Fricke GDI
1983 CH 0.998 I1.C. GDI

MDAH: M.D.Anderson Hospital, USA
UW: Univ.Washington,USA SKI: Sioan—-Kettering Institute,USA
MGH: Massachusetts General Hospital CH: Christie Hospital.GB.

BIPM: Bureau Internationale des Poids et Mesures,

1.C.: lonization Chamber ND1: Neutron Dosimetry Intercomparison
PDI: Proten Dosimetry intercomparison

GDI: Gamma Dosimetry Intercomparison

TAMVEC:Texas A&M Univ.,USA
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Fig. 7 Traceability and supply system of national standard

5 JARPIRIREBIREREEDOBER Table 9 List of Radiation Dosimetry Protocols for

s . Photon and Electron Beams in Radiotherapy.
TSGR D 720 ORIREDRIEM 71 + 2

— 7% . year Xory-ray electron
v L‘(*}Jb—(%iéh{h@u’ %%‘@%[]Z)BE 1964 | HPA (Great Britain)
D, 1964FEDEEIREMEFZRZHPAD LD THS  |1966

>

7. INETHESINTVWEEBEO ST ha—)  |1969 [HPA

AAPM-SCRAD(USA)

. o ICRU14
D—EF & Table 9IZ/R L 7z. 1971 |AAPM-SCRAD HPA 5-35MeV
FIHOFTHAD D DI CH1980ELEI DB D |1972 |NACP(Nordic) NACP
G, EEERSOSTE, BHEICHT A %<, JARP(Japan) R e 7(Germans)
el S e = " erman
ERRER, BEMILEOHR [(So/p) & La/  |i973 icrU33 ”
p) EDE] ZEIIOWTEEORY 2 WHHA 1974 JARP
. . - e . |1975 |aAPM(linac) HPA 5Mev
bOTHoL, CoAPLANTAL, enzT [0 O e 0o
CHIE I N HMEDHET—FELEPBEDS S 1980 |NACP 1-50MV | NACP 1-50MeV
F— 5 Thot L BbNE. Thbb, 19804Lk DINGE0O  -50MV | DINGEOD  1-50MeV
M@:miﬁiﬁ S e B IJ,--. 5o g = {) . 1981 [NCRP(USA)
HU (*D j] -+ £ (ﬁ ET mﬁ*ﬁﬁ M‘ NACP ]5Mevg
Hlnwz k., 1983 |AAPM 2-45MV | AAPM(TG21) 1-60MeV
EROMEAEZE L ND TORLN 7T b HPA DoAY
; 1984 ICRU35 1-50MeV
Ik, JERRERFRYIEERNACP (1980) 124 5 SEFM(Spanish) SEFM 1-50MeV
LOTHAH., HERDHEREL, *hITHLE -50MV | HPA 1-30MeV
e e L N ] o 3 1985 [BNM(France) -50MV | BNM 1-50MeV
O)Et’“&%ﬁ 6‘%’ ‘E‘EL?Zﬁﬁ%E&L’ BT lgge [JARP 2-35MV | JARP 2-30MeV
V¥ -BOHRERNERFTZEES (ZEE BB |1e87 aea IAEA

VA{'E) %ﬁ.ﬁ*& L*ﬁ%‘j—% G L 7. AIFB(italy) 1-40MV AIFB 1-40MeV
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Dc(Ao)=Ce*Nc ki - Ki - M 5-1)
Dc(Ao)=Ce' * Nc-ki*Ps- Pr- Pon* M (5-2)
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Table 10 Practical know-how on ionization chambers.

B mE B EEH & E3

1. BR&TE + 6mm ¢ x20mm, 10mm ¢ x2mm
2. By ++ Ac=0.990 ; 0.991-0.994

3. B¥R ++ Aw=0.980-0.982

4. HhEHA ++ MEMHECFz VY

5. ATLARBYR| + RAFLABAOEHOER ; BIEAR
6. FRAEFH + AN ; REFICEEICRSY
7. EBEBHR +  EF+++H +-0HMN : IEREOFY

8. BEEEKTH +++ Pion;1 /2BE%

9. @AMEL EF+ SmILITORAHR

10. @OWE + E+++ | Pf

1. R@HPo +HH Pd, $EIEHE, WBRTHE
12, XGHIE ++H 3

13, E#RE + FOSNRNEA-5, il
14. BaRdm E+++ | PIDSHIE ; RRBH S

15. B (dhp) +++ CalC,.C.) BN, S

E: electron F : flat ionization chamber
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