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Electron density Measured by carbon ion (for Phantom)
Theoretical Electron density (for K

2
HPO

4
)

BE-T

PHANTOMS

AL(A1050)

K
2
HPO

4

3.3 10 23

3.35 10 23

3.4 10 23

3.45 10 23

3.5 10 23

3.55 10 23

3.6 10 23

3.3 10 23 3.4 10 23 3.5 10 23 3.6 10 23

-1%

+1%

K
2
HPO

4

SZ49

SZ207

SZ160
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(b)

(c)

cut-off signal

trans. RF field

longi. RF field

beam spill
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Number of Fractions

1 2 3 4 5 6

42 keV/ �m

1

1.5

2

2.5

3

3.5

1 2 3 4 5 6

skin
tumor

20 keV/ �m

1 2 3 4 5 6

77 keV/ �m
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Days after cobalt administration

Ca-DTPA+Penicillamine 1h after Co

Penicillamine 1h after Co

Penicillamine with Co

Ca-DTPA 1h after Co

Ca-DTPA with Co
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 Group Excreted rate

in urine (%) 

 Excreted rate

 in feces (%)

 Total rate in 

 excreta (%) 

G1:U pH 3.2 and NaHCO3

G2: compound CBMIDA and U 

G3: U pH 3.2 

G4: U pH 3.2 and CBMIDA  

G5: U pH 6.8 

G6: U pH6.8 and CBMIDA 

 1.05±0.20 

11.26±3.29 

 1.00±0.16 

  9.49±3.21 

  0.24±0.11 

 10.13±2.70 

   2.06±1.27

  12.65±3.00

  15.69±4.02

   6.13±2.34

   0.13±0.03

   1.69±0.22

   3.11 

  23.92 

  16.69 

  15.62 

   0.37 

  11.72 
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Sites 1994 1995 1996 1997 1998 1999 2000 2001 Total      

Head and neck 9 10 19 31 22 38 29 20 178 (17.1)

Brain 6 8 10 6 9 7 15 4 65 (6.2)

Base of skull - - - 6 4 2 2 2 16 (1.5)

Lung 6 11 27 17 28 33 45 20 187 (17.9)

Liver - 12 13 19 25 17 22 11 119 (11.4)

Prostate - 9 18 10 30 30 31 16 144 (13.8)

Uterus - 9 13 11 10 11 13 2 69 (6.6)

Bone/ soft tissue - - 9 13 19 18 25 7 91 (8.7)

Esophagus - - 1 16 4 - 2 - 23 (2.2)

Pancreas pre-op RT - - - - - - 3 3 6 (0.6)

Rectum Pelvic rec - - - - - - - 2 2 (0.2)

Eye(advanced) - - - - - - - 4 4 (0.4)

Miscellaneous - 24 16 30 17 32 14 5 138 (13.2)

Total 21 83 126 159 168 188 201       96 1042 (%)

Table 2. Patient Distribution registered in Carbon Ion Therapy at NIRS 
(Treatment: June 1994 to August 2001)

Early (<3mo) Late (>3mo)

Site No 0 1 2 3 4 5 No 0 1 2 3 4 5

Skin
Scalp 77 22 38 14 1 0 0 77 71 6 0 0 0 0
Head & neck 180 2 71 86 21 0 0 172 66 96 10 0 0 0
Chest 206 0 191 14 1 0 0 200 0 198 2 0 0 0
Upper abdomen 128 10 95 22 1 0 0 128 11 113 4 0 0 0
Lower abdomen 212 154 58 0 0 0 0 211 186 25 0 0 0 0
Others 243 14 134 82 13 0 0 230 31 167 22 9 1 0

Total 1046 204 587 218 37 0 0 1018 365 605 38 9 1 0
(%) (100) (20) (56) (21) (4) (0) (0) (100) (36) (59) (4)(0.9)(0.1) (0)

Mucosa 168 24 67 64 13 0 0 161 126 28 7 0 0 0
Lung 252 234 8 7 3 0 0 244 59 178 7 0 0 0
Intestine 512 431 66 13 2 0 0 486 413 42 16 7 8 0
Bladder/Urethra 235 194 37 4 0 0 0 234 178 40 9 7 0 0

Table 3. Normal tissue morbidity in carbon ion therapy at NIRS 
(Treatment: June 1994 to August 2001)
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Protocol Phase Material Treatment No. Response 2yr 3yr
(fractions/week) of patients rate a) local control b) survival

H&N-1 I/II Locally advanced 18/6 17 73% 80% 44%
H&N-2 I/II Locally advanced 16/4 19 68% 71% 44%
H&N-3 II Locally advanced 16/4 134 52% 61% 42%

Lung-1 I/II Stage I (peripheral) 18/6 47(+1) 54% 62% 88%
Lung-2 I/II Stage I (peripheral) 9/3 34 85% 86% 65%
Lung-3 I/II Stage I (Hilar) 9/3 10 90% 100% -
Lung-4 II Stage I (peripheral) 9/3 50(+1) 65% 100% 73%
Lung-6 I/II Stage I (peripheral) 4/1 18 67% - -

Liver-1 I/II T2 4 MONO 15/5 24(+1) 75% 79% 50%
Liver-2 I/II T2 4 MONO 4 12/1 3 82(+4) 72% 83% 45%
Liver-3 II T2 4 MONO 4/1 11 55% - -

Prostate-1 I/II B2 C C ion+Hormone 35 - 100% 94%
Prostate-2 I/II A2 C C ion+Hormone 61 - 100% 97%
Prostate-3 II T1C C C ion+Hormone 47 - - -

Uterus-1 I/II III-Iva(ACC) 24/6 30 100% 50% 40%
Uterus-2 I/II Iib-Iva(SCC) 24/6 14 100% 67% 36%
Uterus-3 I/II Iib-Iva(SCC) 20/5 11 100% - -
Uterus I/II Advanced(Adenoca) 20/5 12 100% 38% 39%

Bone/Soft-1 I/II un-resectable 16/4 57(+7) 36% 77% 50%
Bone/Soft-2 II un-resectable 16/4 30(+1) 57% - -

a) Response rate : Percent of tumors with >50% reduction in size.
b) Local control rate : Percent of tumors with no evidence of local recurrence or relapse.

Table 4. Results of carbon ion radiotherapy at NIRS (Treatment: June 1994 to August 2001)

Protocol No. Lung-1 Lung-2 Lung-3 Lung-4 Lung-6

(9303) (9701) (9801) (9802) (0001)

Phase I/II I/II I/II II I/II
Period of the study 10/’94 to 9/’97 to 4/’98 to 4/’99 to 12/’00 to

9/’97 2/’99 present 12/’00 present

Tumor Type All type* Peripheral Central Peripheral Peripheral

Total Dose (GyE) 59.4 95.4 68.4 79.2 57.6 64.8 72 54 or 60

Fraction / wks (fixed) 18f / 6w 9f / 3w 9f / 3w 9f / 3w 4f / 1w

# Pats (# Tumors) 47(48) 34(34) 15(15) 50(51) 35(35)

Adenoca / SCC 26/22/0 18/15/1 13/2/0 32/19/0 23/11/1
/ Large cellca

* All type includes both peripheral and central type of tumor.

Table 5. Clinical studies for Stage I NSCLC
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Fig. 41.  A sectional view of the thoron chamber system when thoron exposure tests  

are carried out for passive radon detectors. 

Table 7  Conversion factors of radon and thoron concentrations. 
Measuring device Radon Thoron 

German monitor (CR-39) 10.14 x 10-4 10.17 x 10-4

RADTRAK 6.74 x 10-4 4.51 x 10-4

Radon-Thoron
discriminative dosimeter 

(upper hemisphere) 
2.40 x 10-4 1.22 x 10-4

Radon-Thoron
discriminative dosimeter 

(lower hemisphere) 
2.82 x 10-4 0.26 x 10-4

Electrostatic integrating 
radon-222 monitor 

189.4 x 10-4 No sensitivity 

unit: tracks/mm2/(Bq/m3-d)
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Table 8 Isotope ratios of uranium measured from soil samples 

Sample 234U/238U 235U/238U 236U/238U

Name 

Faraday Mine 0.0000544 (51) 0.0072560(32) 1.59136(67)x10-8

(Canada, Bancroff) 

Mistamisk 0.0000544(46) 0.0072553(39) 8.145183(59)x10-9

(Canada, Labrador) 

JLK-1 0.0000544 (51) 0.0072560(32) Not detectable  

Chernobyl A 0.000090(46) 0.008194(39) 0.000325(45) 

Chernobyl B 0.000117(74) 0.00993(43) 0.000972(44)  

Analytical uncertainties are expressed as 2�m.
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Table 10. Rhenium concentrations in standard Japanese 

igneous rock samples. 

Sample 
Re contents 

(ng/g)
Provisional value* 

JG-1 0.079 ± 0.013  

 0.072 ± 0.013  

 0.080 ± 0.014 0.098 

 0.081 ± 0.007  

 0.070 ± 0.006  

JB-1 4.04 ± 0.69  

 3.94 ± 0.68  

 3.58 ± 0.20 4.8 

 3.40 ± 0.25  

JB-3 0.345 ± 0.056  

 0.271 ± 0.046 0.24

JR-2 0.051 ± 0.009  

 0.067 ± 0.010 0.023

* The data are obtained by RNAA (Imai, et al, 1995).

± Values show standard deviation (1s). 
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Movement 
behavior

60Co gamma-rays
290MeV/amu
carbon ions 

Swimming 
velocity

34±4 Gy 13±1 Gy 

r-value 42±9 Gy 6±2 Gy 
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