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Anterior views of the NURBS models of the adult male (left) and adult female (right)
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Selected photon SAF values, adult female
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Selected electron SAF values
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Fig. 6.1. Differences in residence times in the mouth with age and food type. Based on data summarised in
Annex C.
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| Intestinal Surgery...Ouch!
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Right colon = Ascending plus right half of transverse colon
Left colon = Left half of transverse colon + descending colon

ICRP 30:
Upper Large Intestine = Ascending plus transverse
Lower Large Intestine = Descending plus sigmoid colon



ICRP 100

5-yr olds 1-yr olds Newborns

1.17 1.17 1.25
4 4 4
11 10 8
11 10 8
12 12 12
39 37 33

Adult Adult 15-yr 10-yr
Males Females olds olds
Stomach 1.17 1.58 1.17 1.17
Small Intestine 4 4 4 4
Right Colon 12 16 11 11
Left Colon 12 16 11 11
Rectosigmoid 12 16 12 12
Total 41 54 39 39
ICRP 30
Age Total Gl
Transit time (h)
Adults 42
15-yr olds 42
10-yr olds 42
5-yr olds 33
1-yr olds 8.5
Newborns 6.5



Oral administration of Tc-99m, Adult Male, Bg-hr/Bq:

ICRP 100
Caloric Noncaloric
Solids Liquids Liquids Total Diet
Esophagus (40 g) 0.00325 0.00208 0.00208 0.00286
Stomach (150/250 g)* 1.09 0.690 0.473 1.03
Small Intestine (650/350 g) 2.39 2.52 2.59 2.41
Right Colon (150/150 g) 3.01 3.17 3.26 3.03
Left Colon (150/75 g) 1.26 1.33 1.37 1.27
Rectosigmoid (70/75 g) 0.530 0.558 0.573 0.534
ICRP 30
Stomach (158/260 g) 0.897
Small Intestine (677/423 g) 2.45
Upper Large Intestine (220/232 g) 3.19
Lower Large Intestine (167/143 g) 1.56

* — wall/content masses



Tissue Weighting Factors for the ‘Effective Dose’
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New Organs!!

Esophagus

Prostate gland

Salivary glands

Eyes

Gl tract regions redefined



Radiation Dose Estimates (mSv/MBqg) for F-18 FDG

Biokinetic data: ICEP 106 recommended model

Physical models: RADAR ICRP 89 Reference Phantom Series

Effective doses: ICRP 103 weighting factors

Males
Adult 15-vo 10-vo 3-vo 1-vo

Adrenals 1.35E02 173E-02 257E-02 4 07E02  7.06E-02
Brain 3 56E02 3.65E-02 3.79E-02 421E02 5.79E-02
Breasts 701E03 8.95E-03 --- --- -

Esophagus 1.28E02 1.63E-02 2.61E-02 421E02 7.73E-02
Eves 1.03E-02 126E-02 1.88E-02 204E02 5.14E-02
Gallbladder Wall 142E-02 170E-02 2.56E-02 377E02  6.46E-02
Left colon 1.15E02 135E-02 2.23E-02 344E02 6.01E-02
Small Intestine 1.24E02 155E-02 2A49E-02 3.80E02 6.78E-02
Stomach Wall 1.25E-02 155E-02 237E-02 3.71E02 6.44E-02
Right colon 1.18E-02 145E-02 226E-02 3.55E02 6.16E-02
Rectum 1.58E02 190E-02 3.26E-02 4 80E02 742E-02
Heart Wall 6.35E-02 B8.73E-02 140E-01 224E-01 3.79E-01
Kidneys 205E02 253E-02 349E-02 5.54E02 8.76E-02
Liver 221E02 292E-02 428E-02 6.10E-02 1.03E-01
Lungs 1.76E-02 220E-02 3.74E-02 592E02 1.12E-01
Pancreas 1.28E-02 162E-02 252E-02 304E02 7.12E-02
Prostate 1.83E02 221E-02 S5.51E-02 497E02 6.97E-02
Salivary Glands 1.14E02 142E-02 217E-02 3.35E02 5.88E-02
Red Marrow 975E-03 147E-02 223E-02 3.08E02 548E-02
Osteogenic Cells 1.53E-02 207E-02 3.17E-02 4 51E02 &58E-02
Spleen 1.05E02 134E-02 2.07E-02 330E02 6.03E-02
Testes 1.02E02 120E-02 244E-02 3.11E02 5.54E-02
Thymus 1.33E02 1.72E-02 2A48E-02 401E02 7.07E-02
Thyroid 1.01E02 120E-02 2.08E-02 3.30E02 6.1BE-02
Urinary Bladder Wall 1.36E-01 169E-01 2.53E-01 347E01  462E-01
Effective Doses 1.73E02 221E-02 3.26E-02 4 76E02 7.83E-02
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Segmented organs in 9-year-old female patient



Graphic representation of the rotating CT source created in the GEANT4
environment for estimation of CT doses to subjects. The CT head is at the
right, the trapezoidal structure at the bottom is the imaging table and the
rectangular space above is where voxelized patient structures are located.
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Optically Stimulated
Luminescence (OSL) CT
dosimeters © Landauer, Inc.
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Patient demographics and examination details for
pediatric subjects receiving CT examinations

Subject No. Age, gender Exam type
1 6 mo male CAP

1 yo male CAP
2 yo male CAP
4 yo male CAP
5yo male CAP
6 yo male CAP
8 yo male CAP
8 yo male CAP

2
3
4
5
6
7
8
9

10 mo female AP

=
o

4 yo female

=
=

9 yo female

[EEN
N

14 yo female

All studies: 120 kVp. CAP=Chest/Abdomen/Pelvis, AP=Abdomen/Pelvis




Doses to selected organs and effective doses for pediatric
subjects receiving CT examinations

Organ doses (mGy) and Effective Doses (mSv)
Subject 2 3 4 5
Adrenals 10.5 11.2 15.1 10.6
Esophagus 10.3 10.5 14.6 10.4
Intestine 11.5 8.9 16.4 11.0
Kidneys 11.3 12.0 15.7 11.0
Liver 11.4 11.4 15.1 11.0
Lungs 11.4 11.6 15.8 11.3
Stomach 11.4 11.4 16.5 11.1
Spleen 11.0 12.1 16.4 11.0
Thymus 11.0 10.8 14.6 10.4
Thyroid 9.5 9.4 12.2 7.6
CTDl,, 7 7 7.49 5.3

ED ICRP 60 9.4 13.3 8.9
ED ICRP 103 13.4 9.0

CTDlvol : 7.5 6.5

ImPACT scaled ED : : : 18.7 12.3




Organ doses (mGy) and Effective Doses (mSv)”

Subject 8 9 10 11 12
Adrenals 10.3 3.5 15.8 23.4 13.9
Esophagus 10.8 2.3 14.8 22.5 12.9
Intestine 11.9 3.0 17.1 24.0 14.8
Kidneys 11.4 3.2 16.7 25.6 15.3
Liver 12.1 3.7 16.2 24.1 15.9
Lungs 12.1 9.0 15.8 24.6 14.3
Stomach 11.7 3.3 17.2 23.9 16.1
Spleen 11.2 3.6 15.0 23.2 14.9

Thymus 12.0 0.0 14.9 0.0 13.1
Thyroid 8.5 0.0 15.6 23.2 0.0

CTDI 6.2 4.2 6.5 10.6 11.2

vol

ED ICRP 60 : 9.6 2.5 14.0 24.4 14.5

ED ICRP 103 9.7 2.6 14.2 22.1 14.4
CTDlvol : 6.5 10.6 11.2

ImMPACT scaled ED . . . . 23.2 15.4




Doses to selected organs and effective doses for NURBS
models, with comparison to selected pediatric patient data

10-yo 9-yo 15-yo 14-yo

female female female female
phantom patient Ratio phantom patient Ratio
Adrenals 25.0 23.4 0.94 13.7 13.9 1.01
Brain 4.1 4.0 0.99 2.5 1.9 0.74
Esophagus 26.0 22.5 0.86 14.3 12.9 0.90
Intestine 25.0 24.0 0.96 13.9 14.8 1.06
Heart 27.6 27.4 0.99 19.8 14.7 0.74
Kidneys 26.1 25.6 0.98 14.4 15.3 1.06
Liver 26.5 24.1 0.91 14.7 15.9 1.08
Lungs 28.0 24.6 0.88 15.6 14.3 0.92
Stomach 26.6 23.9 0.90 14.6 16.1 1.10
Spleen 26.1 24.0 0.92 14.6 14.9 1.02

ED ICRP 60 25.72 23.51 0.91 14.20 14.55 1.02

ED ICRP 106 25.02 21.52 0.86 14.07 14.50 1.03




5-yo male 5-yo male 5-yo male 6-yo male

phantom patient Ratio phantom patient Ratio
Adrenals 9.5 10.6 1.12 14.2 13.4 0.94
Brain 2.3 0.9 0.41 2.3 1.4 0.61
Esophagus 9.4 10.4 1.10 14.1 13.8 0.98
Intestine 10.0 11.0 1.10 14.9 16.0 1.07
Heart 27.0 11.0 0.41 27.0 16.4 0.61

Kidneys 9.9 11.0 1.11 14.8 15.8 1.07
Liver 10.0 11.0 1.10 14.9 15.4 1.03
Lungs 10.6 11.3 1.07 15.8 15.3 0.97
Stomach 10.0 11.1 1.11 14.9 15.6 1.05

ED ICRP 60 9.35 9.04 0.97 14.0 12.6 0.90

ED ICRP 106 9.34 9.86 1.06 14.0 13.7 0.98




Conclusions

A new generation of reference phantoms,
based on the ICRP 89 reference masses has

replaced the geometric phantoms of the 1980’s
and 1990's.

More organs are available, and the phantoms
are more realistic.

Impacts on radiopharmaceutical dose estimates
will be minor.

Calculation of better doses for CT imaging will
be available.



