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Fig. Dosimeter calibration data obtained with energetic heavy ion beams at NIRS-
HIMAC; the left plots are the relative thermoluminescence sensitivities of TLD-
Mg,SiO,:Tb versus LET and the right plots are angle dependent track formation

sensitivities of CR-39.
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Table 1. The values of organ absorbed dose, dose equivalent, and effective quality factor
and effective dose obtained for the phantom torso experiment in the 9.8-day STS-91
mission. Measurements were made with combined CR-39/TLD methodology.

Oroan/ Absorbed dose Orga.n/tissue dose Ef.fect‘ive T'issu.e
Ti:s e (Dr) equivalent (Hr) quality factor ~ weighting Hr X wp®
(mGy (H.0)]° [mSv]® (Qc) factor (wWr)

Skin 22+0.17 5£0.05 2010.16 0.01 0.05+0.001
Thyroid 2210.12 4.0+0.21 1.9+0.16 0.05 0.20+0.011
Bone surface 2.7+0.24 521022 1.910.12 0.01 0.05 £ 0.002
Esophagus 2.1 +0.13 34+0.49 1.7£0.17 0.05 0.17+0.024
Lung | Skin dose: L +0.76 2.1£0.20 0.12 0.53 £0.091
Stomach 4 5 m SV +0.94 1.8 £0.50 0.12 0.521+0.113
Liver i 12051 1.7+0.33 0.05 0.20 £ 0.026
Bone marroy EffECt IVE d OS€. 1.9+0.14 0.12 0.41£0.048
Colon 4.1 mSv 22+0.44 012 043+0.050
Bladder 1.8 +0.16 3.610.24 +0.25 0.05 0.18£0.012
Gonad (Testis) 2.0+0.05 4.7+0.71 0.20 0.94 £ 0.142
Breast (Chest) 2310.16 45+0.11 1.9+0.13 0.05 0.23 £ 0.006
Remainder 2.1+0.15 4.0£0.57 1.9+0.22 0.20 £ 0.029

Effective dose [mSv]:

4.1+0.22
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Table 2 Organ dose equivalents weighted using the 2007 tissue weighting factors
(wT) and effective dose for the STS-91 phantom torso experiment.

Organ dose

2007 tissue Hr X wr

Hr X wr

Organ/Tissue equivalent (Ht) weighting factor usine 2007 w  usine 1990 w
[mSv]" (Wr) T P '
Skin 4.5+ 0.05 0.01 0.05 £ 0.001 0.05 £ 0.001
Thyroid 4.010.21 0.04 0.16+0.008 __0.20+0.011
Bone surface 524022 E (2007): .05 + 0.002
Esophagus 341049 4 O m SV .17 £0.024
Lung 44+0.76 E ( .I 9 9 O) . .53 £ 0.091
Stomach 4.3 +0.94 ) .52 £ 0.113
Liver 404051 4.1 mSv .20 £ 0.026
Bone marrow 3.41+0.40 0.12 0.411 8 0.41 £0.048
Colon 3.6 042 0.12 0.43 £ 0.43 £ 0.050
Bladder 3.6 £0.24 0.04 0.14 £ 0.0 0.18 £0.012
Gonad (Testis) 4.7+0.71 0.08 0.38 £ 0.05) 0.94 £0.142
Breast (Chest) 45+0.11 0.12 0.54 £0.013 \ | 0.23 £ 0.006
Remainder 4.0 £0.57 0.12 0.48 £0.068 \0.20 £ 0.029
Effective dose [mSv] 4.0+0.19 4.1x20.22

Note: The value shows a mean (m) + one standard deviation (o).
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Table. Comparison of absorbed doses measured using TLD and
CR39 with those using small Si diode detectors for the
STS-91 phantom torso experiment.

N\

Measured absorbed dose Ratio
T et e G

: adhwar et al. Yasuda)
with CR-39/TLD with Si diode
Brain 2.4+0.20 2.23+0.09 / 0.93+0.09 \

Bone surface 2.7£0.24 2.16+0.08 0.80+0.08
Esophagus 2.1+0.13 1.71+0.06 0.81£0.06
Lung 2.1£0.31 1.92+0.15 0.91+0.15
Stomach 2.4+0.30 2.05+0.23 0.85+0.14
Liver 2.3+0.33 1.88+0.19 0.82+0.14
Bone marrow 1.8£0.10 1.75+0.13 0.97£0.09
Colon 1.7+£0.22 1.71+0.24 1.01+0.19
Bladder 1.8+0.16 1.58+0.07 0.88+0.09
Gonad (Testis) 2.0£0.05 1.75+0.13 0.88+0.07,

Badhwar et al. (2002)
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Table. Comparison of the organ absorbed dose rates measured using small
Si detectors to calculations using the HZETRN/QMSFRG model for
the ISS Increment-2 phantom torso experiment in 2001.

Absorbed dose rate [mGy d-']

Ratio
Organ Trapped radiation GCR Total (Model/
/\ Expt.)
Expt. Model Expt. Model Expt. Model
Brain 0.051 0.066 0.076 0.077 / 0.127 \ 0.143 1.13
Thyroid 0.062 0.072 0.074 0.077 0.136 0.148 1.09
Heart 0.054 0.061 0.075 0.076 0.129 0.137 1.06
Stomach 0.050 0.057 0.076 0.077 0.126 0.133 1.06
Colon 0.055 0.056 0.073 0.076 0.128 0.131 1.02

) g

65 Cucinotta et al. (2008)



ETIVElI R & DL

Table. Comparison of organ dose equivalents measured by combined TLD/
CR-39 methodology with calculations using the HZETRN/QMSFRG
transport model for the STS-91 phantom torso experiment.

Organ dose equivalent

Organ / for 9.8 days [mSv] Ratio
Tissue Measured by Calculated by ~ (Gicinotta/Yasuda)
Yasuda et al. Cucinotta et al.
Skin 4.5%0.05 4.7 1.04
Thyroid 4.0£0.21 4.0 1.00 \
Bone surface 5.21+0.22 4.0 0.77
Esophagus 341049 3.7 1.09
Lung 4.4+0.76 3.8 0.86
Stomach 43+0.94 3.6 0.84
Liver 4.0%+0.51 3.7 0.93
Bone marrow 3.47+0.40 3.9 1.15
Colon 3.610.42 3.9 1.08
Bladder 3.610.24 3.5 0.97
Gonad (Testis) 4.710.71 3.9 0.83
Breast (Chest) 4.5%0.11 4.5 1.00
Remainder 4.0+0.57 4.0 1.00
Effective dose 4.1%20.22 3.9

095/
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Table. Organ doses determined from the LiF TLD dose distribution measured
inside a human phantom MATROSHKA outside the ISS Zvezda

—~—m Al A

Dose rate
Organ (mGy/day)
Skin 0.94 (8)
Eyeball, lens 0.54 (8), 0.58 (12)
Salivary glands, breast 0.33 (7), 0.39 (10)

Thymus, thyroid, trachea, brain 0.28-0.30 (6)

Lungs, bones 0.26 (6), 0.28 (6)

Esophagus, testes 0.24 (6), 0.26 (7)

Colon, stomach, liver, red bone marrow, hear 0.22-0.24 (6)

Kidneys, gall bladder, small intestine, spleen,

pancreas, prostate 0.20-0.22 (6)

Note. Inset shows the organs of the Zubal phantom mapped and scaled into the voxel representatrerr0of MA-
TROSHKA obtained from the CT slices. Values in parentheses specify measurement precision in percent.

67 Reitz et al. (2009)
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