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ORNL Dosimetry Research Program:
The Legacy

* Provided the national and international scientific
communities with models and data

— To estimate doses from exposure to radionuclides
— To establish exposure guidelines for radionuclides.

* These models generally have become international
standards.

* A center for archival and computer implementation
of biokinetic and dosimetric models.
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Center for Radiation Protection
Knowledge (http://crpk.ornl.gov/)

 Established at ORNL per MOU 2010
— DOE, DoD, EPA, NRC, and OSHA

* MOU Renewal in 2015

* Objectives
— Maintaining/Preserving U.S. expertise and leadership

— Development/Application of Radiation Dosimetry and
Risk Assessment Methodologies/Models

— Ensure the best scientifically available knowledge in

regulatory processes and decision making
#,OAK RIDGE
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Radiological Toolbox Software %
* Developed for the NRC

» K.F. Eckerman, A.L. Sjoreen, "Radiological Toolbox
User’s Guide”, ORNL/TM-2013/16, 2013

* Provide electronic access to a vast and varied array
of data for radiation protection and shielding

— Physical, chemical, anatomical, physiological,
and mathematical parameters that normally
requires access to multiple sources

* Latest release/update is version 3.0.0

— Available at https://www.usnrc-
ramp.com/Radiological-Tools

%OAK RIDGE
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Radiological Toolbox User's Guide %
(NUREG/CR-7166, ORNL/TM-2013/16)

* Provides electronic access to the vast and varied
data that underlies the field of radiation protection.

— The initial motivation was to serve the needs of the health
physicist away from his office, e.g., NRC inspectors

— Earlier releases were widely used and accepted around
the world by not only practicing health physicists but also
those within educational programs

* Version 3.0.0

— Updated to run on Windows 7 and 8 and on 32- and 64-
bit machines

— Nuclear decay data updated and now includes thermal
neutron capture cross sections and cancer risk

coefficients
%OAK RIDGE
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RadToolbox

— Available (registration required) on U.S. Nuclear Regulatory
Commission Radiation Protection and Computer Code
Maintenance Program (RAMP)

NRC RAMP Website | RAMP Website
— https://www.usnrc-ramp.com

United States Nuclear Regulatory Commission

' . . Radiation Protection Computer Code
— ORNL inquiry: Bamp

Analysis and Maintenance Program

crpk@ornl.gov

PIMAL DandD GENII MILDOS  Atmospheric Codes

Radiological Toolbox Overview

Username *

| The Radiological Toolbox provides ready access to data of interest in radiation safety and protection of workers and
members of the public. The data include dose coefficients for intakes of radionuclides, external exposure to radionuclides
distributed in environments, and for exposures to photon and neutron radiation fields. Other supportive data include
interaction constants and coefficients for alpha, beta (i.e., electron), gamma (i.e., photon or x-ray) and neutron radiations,
Other/Passwords nuclear transformation data, biological, radiological and physiological data, and supplemental information on various

o Kequest new password related topics.

Sdewiji
From this site

Radiological Toolbox Contacts:

The Radiological Toolbox Development Team
Rad_toolbox.Resource@nre.gov

The RAMP Project Manager
RAMP@nre.gov

RAMP Users' Meeting

OAK RIDGE
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Radiological Toolbox
Functionality
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RadToolbox Interface

p
@ Radiological Toolbox =8 %
General Help  Glossary View Manual Help Index About
Biological Data Nuclide - Select intake mode: — |
= % |ngestion |
Decay Data " Inhalation
Dose Coefficients | [ Include daughters with T1/2> 10 m?
) . Select Units | Clear Grid
Dose Calculations
|Sv 1Bq
Early Inhalation
L Display I
Element Data
Help I
Material Data Refs I
Public Exposure Data
Radiation Field Data
Risk Coefficients
Supplemental Data N Worker Coefficients (ICRP 30) 1 Worker Coefficients (ICRP 68)
L Public Ingestion Coefficients 1 Public Inhalation Coefficients ||

| Public Extemal Coefficients FGR 12) |

%
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Biological Data

* Biokinetic Models from ICRP 68 and 72

* Bioassay Data - urinary and fecal excretion data
and retention data

» Composition of Tissues from Coursey

* Organ Masses from ICRP Publications 23, 72, and
89

* |CRP 89 - extensive set of anatomical and
physiological reference values

« Radiation Health Effects

— deterministic and stochastic

— summarized from various source
%OAK RID(,E
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Decay Data

 Detailed radionuclide energy-intensity emission data

» |CRP Publication 107 data
— NNDC ENSDF - input data into the analysis
— Updated if necessary to those of NUBAS2003 and AME2003

» Radionuclide activity including the building of radioactive
progeny can be calculated

« Option to export Tables of energy-intensity data to EXCEL

* [CRU-defined air kerma-rate constant air-kerma coefficient
for the radionuclides

* The decay chain table includes the specific activity, half-life,

decay mode, and identification of radioactive progeny with
their branching fractions

%OAK RID(,E
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Dose Coefficients

« External Environmental Dose Coefficients - 826
radionuclides from FGR12

« Committed Dose Coefficients for inhalation and
ingestion — 738 radionuclides

— Workers from ICRP 30 and 68

— Age-dependent members of the public (six ages at intake)
from ICRP 72.

» Display up to 20 nuclides at a time for a chosen
route of exposure or intake.
— Exportable to EXCEL spreadsheet
— Organ equivalent dose and the effective dose for the
selected radionuclide

%OAK RID(,E
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Dose Calculations

» Simple numerical calculations of dose for a
mixture of radionuclides
— Select appropriate dose coefficients, nuclides
and activities
« < 20 radionuclides

— External exposure, total dose for the mixture

— Intake of radionuclides

* Dose for intake of each chemical form is reported and
not the total.

* User can export the table to EXCEL, delete columns of
irrelevant chemical forms, and derive the total dose

%OAK RID(,E
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Early Inhalation

* Inhalation dose coefficients for deterministic
health effects

» Separate low- and high-LET values of
absorbed dose are provided and the RBE
can then be applied to the absorbed dose
components

* These absorbed dose coefficients may be
exported to EXCEL

''''



Risk Coefficients

* Federal Guidance Report 13

» Average member of the US public

— Mortality risk coefficient per unit activity inhaled or
iIngested for internal exposures or per unit time-
integrated activity concentration in air or soll for
external exposure

— Morbidity risk coefficient is a comparable
estimate of the average total risk of experiencing
a radiogenic cancer, whether or not the cancer is
fatal

— Data presented for 14 cancer sites

%OAK RID(,E
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Element Data

* Interaction coefficients for alpha, electron, photon,
and neutron radiations in elemental absorbers.

— Not available for every element or for each radiation type
— Can be plotted

« Geometric progression form of the photon buildup
factors from ANSI Standard 6.4

— 0.015 and 15 MeV at distances ranging from 0.5 to 60
MFP

— The photon and neutron kerma coefficients were taken
from KERMAL, RSICC package DLC-143
» Atomic mass and isotopic abundance data
— 16th edition of the Chart of the Nuclides

« Can be exported to EXCEL

%OAK RID(,E
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Public Exposure Data

* Natural Background Radiation

- Background Radiation in the Body
» Radionuclides in Materials

» Radionuclides in Devices

* Primordial Radionuclides

* Typical Exposures during Medical
Procedures

¥ OAK RIDGE
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Other Data

- Radiation Field Data
— |ICRP Publication 74/ICRU Report 57 Dose Coefficients

* Supplemental Data
— Sl Units
— Physical Constants
— Conversion Factors

— International Nuclear and Radiological Event Scale
(INES)

— Formulas
— Web Pages
— DOE Dose Ranges

— Transport Package Regulations (A1/A2 Table)
%OAK RID(,E

al Labor:



RadToolbox - Future Outlook

-] Radiological Toolbox [E]
Exit General Internal External Materials Glossary Chemical Symbols View Manual Index About
Biological Data Nuclide ~ [ Select intake mode: — B
- % Ingestion ]
Decay Data " Inhalation
Dose Coefficients [~ Include daughters with T1/2> 10 m?
Dose Calculations Select Units |
Eaily Inhalation |Sv /Bq
Displa
Element Data $’
ICRP 68 Help |
Material Data s
Refs
Public Exposure Data
Radiation Field Data
Supplemental Data
. Worker Coefficients (ICRP 30) | Worker Coefficients [ICRP 68}
[ Public Ingestion Coefficients I Public Inhalation Coefficients ji

| Public Extemal Coefficients (FGR 12) |

OAK RIDGE
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Radiological Toolbox
Demo

a.k.a. “Homework?”

The following questions and
solutions were designed by Dr.
Sami Sherbini, US-NRC.

%
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Question 1

 Calculate committed effective does from repair work
in areas where the airborne concentration of ¢°Co
(Type W) is 4x103 Bq m. The workers will be
remaining in this for 2.5 hours. What are the results
from using ICRP-26 and ICRP-60 dose coefficients
(Sv/BQq)?

%OAK RID(,E
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Question 1

-} Radiological Toolbox

General Help  Glossary

Biological Data

Decay Data

View Manual Help Index About
Nuclide A Select intake mode: —
Cof0 = " Ingestion
@ Inhalation

Dose Coefficients

Dose Calculations

Early Inhalation

Element Data

Material Data

Public Exposure Data

R adiation Field Data

Risk Coefficients

Supplemental Data

[ Include daughters with T1/2 > 10 m?

Select Units |

CeaiG |

Sy /Bq

Display
Help

Refs

W

Worker Coefficients (ICRP 30) 1

‘Worker Coefficients (ICRP 68)

\

Public Ingestion Coefficients

\

Public Inhalation Coefficients

\

Public External Coefficients (FGR 12)

J

A

B3 Inhalation dose coefficients ( Sv / Bq) from ICRP 30

Nuclide Co-B0 Co-60
Class W Y

f1 5.00E-02 5.00E-02
Adrenals 6.95E-09 3.00E-08
Bladder '/ all 3.43E-09 2.95E-09
Bone Surface 3.54E-09 1.35E-08
Brain 0.00E+00 0.00E+00
Breast 4.16E-09 1.84E-08
Esophagus 8.00E-09 5.75E-08
Stomach Wall 5.39E-09 2.73E-08
Small Intestine Wall 4.74E-09 7.05E-09
Upper Large Intestine W all | 5.89E-09 9.70E-09
Lower Large Intestine W all | 8.15E-09 7.93E-09
Kidneys 4.50E-09 1.56E-08
Liver 9.17E-09 3.35E-08
Lungs 3.57E-08 3.45E-07
Muscle 4.16E-09 1.84E-08
Ovaries 4.05E-09 4.76E-09
Pancreas 5.97E-09 3.17E-08
Red Marow 4.25E-09 1.72E-08
Skin 2.63E-09 1.02E-08
Spleen 5.21E-09 2.70E-08
Testes 2.68E-09 1.70E-09
Thymus 8.00E-09 5.75E-08
Thyroid 3.72E-09 1.62E-08
Uterus 3.84E-09 4.62E-09
Effective (ICRP 26) 8.94E-09 5.91E-08
Effective (ICRP £0) 8.92E-09 5.62E-08

%OAK RIDGE
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Solving Question 1

1.
2.

Click Dose Coefficients tab.

Click Worker Coefficients
(ICRP 30) tab.

Click Units and choose Sv/Bq

(this is the default).

Enter Co and select Co-60 from
the Nuclide drop down menu.

6. Click the Display tab.

7. Read off the dose coefficients for

Type W:

Select the Inhalation button for

intake mode. s

General Help  Glossary View Mar

nual Help Index About

» 8.94E-9 Sv/Bq for ICRP 26
8.92E-9 Sv/Bq for ICRP 60

The coefficients show that for 6°Co,
there is little difference between
ICRP26 and ICRP 60.

< | B Inhalation dose coefficients ( Sv / Bg) from ICRP 30

Biological Data

Nuclide A Select intake mode:

3

Co-60 = " Ingestion

Decay Data |

 Inhalation

Dose Coefficients

[ Include daughters with T1/2> 10 m?

Dose Calculations

Select Units | Clear Grid |

Sy /Bq

Early Inhalation |

Display

Element Data

Help

Material Data

M

Public Exposure Data

Radiation Field Data

Supplemental Data

‘Worker Coefficients (ICRP 30) J

‘Worker Coefficients (ICRP 68)

Public Ingestion Coefficients J Public Inhalation Coefficients

\

Public External Coefficients (FGR 12) J

Nuclide Co-60 Co60
Class W Y
fl 5.00E-02 5.00E-02
Adrenals 6.95E-03 3.00E-08
Bladder Wall 3.43E-03 2.95E-09
Bone Surface 3.54E-09 1.35E-08
Brain 0.00E+00 0.00E+00
Breast 4.16E-03 1.84E-08
Esophagus 8.00E-09 5.75E-08
Stomach Wall 5.39E-03 2.73E-08
Small Intestine ‘Wall 4.74E-03 7.05E-09
Upper Large Intestine 'Wall | 5.89E-09 9,70E-09
Lower Large Intestine 'wall | 8.15E-09 7.93E-09
Kidneys 4.50E-03 1.56E-08
Liver 9.17E-09 3.35E-08
Lungs 3.57E-08 3.45E-07
Muscle 4.16E-03 1.84E-08
Ovaries 4.05E-03 4.76E-09
Pancreas 5.97E-09 317E-08
Red Marrow 4.25€-09 1.72E-08
Skin 2.63E-03 1.02E-08
Spleen 5.21E-03 2.70E-08
Testes 2.68E-03 1.70E-03
Thymus 8.00E-09 5.75E-08
Thyroid 3.72E-09 1.62E-08
Uterus 3.84E-03 4.62E-09
Effective (ICRP 26) 8.94E-03 5.91E-08
[A Effective (ICRP 60) 8.92E-03 5.62E-08




Solving Question 1

General Help  Glossary

Biological Data
Decay Data
Dose Coefficients
Dose Calculations
Early Inhalation
Element Data
Material Data
Public Exposure Data

Radiation Field Data

Supplemental Data

3 ICRP 89 Reference Data f

View Manual Help Index About

Biokinetic Models

Display Gl model v

Bioassay Data

Display Am241 v

Composition of Tissues

Type: [«

Display |AD|PUSE TISSUE

Organ Masses - ICRP 23/89/72
Display

ICRP23 Reference Val

(ICRP)

Select Units g

alues
ICRP 83 Data | |respiratory function LI

Radiation Health Effects

Display | |Summary of Health

Biological Data

Effects ~|

or respiratory function

Age|age Unit |Gender Value|Units  |Reference
3[mo both 0.19[m3h-1 |Table 2.32, p. 25
1y bath 0.35/m3h-1 | Table 2.32, p. 25
Sy bath 0.57|m3h-1 |Table 2.32, p. 25
10[y bath 1.1|m3h-1 |Table 2.32,p. 25
15|y male 1.4|m3h-1 |Table 2.32, p. 25
15y femal 1.3/m3h-1 |Table 2.32, p. 25
20|y ale 1.5/m3h-1 |Table 2.32, p. 25
20|y femal | m3h1 |Table 232, p. 25

Select Reference Characteristics

[ventilation (L Exercise 32%) |

Apply
Print

Ex=port

8.

10.

11.
12.

13.

Click OK to close the Dose
Coefficient window.

Click the Biological Data
tab.

Under the ICRP-89
Reference Values tab,
select Respiratory
Functions from the
drop-down menu.

Click ICRP89 Data tab.

Select Ventilation (L
Exercise) from the
dropdown menu.

Read the rate of 1.3 m3/hr
for a female worker.

%OAK RIDGE

- National Laboratory



Solution 1
Committed effective dose

= 8.92x109 (Sv/Bq) x 1.3 (m3/hr) x 2.5 (hr) x 4x10° (Bg/m3)
=11.6 mSv (1.16 rem)

%OAK RIDGE
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Question 2

« The concentration of 3 (Type F) in air in an
unrestricted area is 3x102 Bg/m3. Assuming this
concentration to remain constant over a period of
one year, and using ICRP-60 data

a) What is the dose coefficient in this case for a 1
year-old child and for an adult?

b) What is the ratio of these coefficients?

c) What would be the effective dose to the child
and to the adult as a result of the 1 year
exposure?

d) What is the ratio?

%OAK RID(,E
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Question 2 (a) and (b)

« The concentration of 3 (Type F) in air in an
unrestricted area is 3x102 Bg/m3. Assuming this
concentration to remain constant over a period of
one year, and using ICRP-60 data

a) What is the dose coefficient in this case for a 1
year-old child and for an adult?

b) What is the ratio of these coefficients?

c) What would be the effective dose to the child
and to the adult as a result of the 1 year
exposure?

d) What is the ratio?

%OAK RIDGE
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Question 2 (a) and (b)

@ Radiological Toolbox — B3 Inhalation 1yr-old dose coefficients ( Sv / Bq) from ICRP 72 - (] X
General Help  Glossary View Manual Help Index About Nucide B EE] EE] B
. Half Life 8.04d 8.04d 8.04d 8.04d
Biological Data | Nuclide A Select age: Tvpe m M F M
1131 = " Newbom AMAD 1.00E+00 1.00E+00 1.00E+00 1.00E+00
Decay Data | & 1 yrold A 1CHal 112 1.00E+00 1.00E-01
" Byrold Adrenals 2.30E-10 3.00E-10 1.40E-10 3.60E-10
10 yr-old Urinary Bladder 1.10E-09 1.40E-09 6.00E-10 2.60E-10
Dose Coefficient: | 15 yrold Bone Surface 310E-10 4.10E-10 1.90E-10 2.20E-10
C Adul Brain 270610 350610 T.60E-10 5.30E-11
Dose Calculations | Breast 2.90E-10 3.90E-10 1.80E-10 3.10E-10
. Esophagus 1.20E-09 1.60E-09 8.20E-10 4.70E-10
)zt T L Stomach 210610 B.30E-10 3.60E-10 7.306-10
i . . Small Intestine 2.10E-10 2.80E-10 1.30E-10 1.50E-09
Eatly Inhalaton | — Sectlnits | CleaGid | Upper Large Intestine | 5.30E-10 7.40E10 3.40E-10 £.70E-09
Lower Large Intestine 1.00E-09 1.50E-09 6.80E-10 1.70E-08
Element Data | ISV {1 Bq Colon 750610 1.10E-09 4.90E-10 1.10E-08
Kidneys 2.00E-10 2.60E-10 1.20E-10 1.90E-10
. Liver 2.30E-10 3.00E-10 1.40E-10 3.10E-10
Material Data | v Muscle 4.60E-10 6.10E-10 3.00E-10 250E-10
Help | Ovaries 2.20E-10 2.80E-10 1.30E-10 5.30E-10
Public Exposure Data Pancreas 230610 310610 T.40E-10 320610
Refs | Fied Marow 2 60E-10 3.40E10 1.60E-10 1.70E-10
Extratrachial Airways 2.80E-10 8.60E-09 1.50E-08 1.80E-08
Radiation Field Data | Lungs 3.80E-10 2.10E-09 2.90E-10 2.70E-08 Print |
Skin 2.40E-10 3.10E-10 1.50E-10 1.10E-10
. - Spleen 2.20E-10 2.90E-10 1.30E-10 3.00E-10
S eceiciens | Testes 1.80E-10 230610 1.00E-10 9 40E-11 Bt |
Thymus 1.20E-09 1.60E-09 8.20E-10 4.70E-10
Supplemental Data | Public Ingestion Coefficients L Public Inhalation Coefficient Thyroid 2.50E-06 3.20E-06 1.40E-06 210E-07
L Public Extemal Cosfficients (FGR 12] Uterus 2.20E-10 2.80E-10 1.30E-10 2.90E-10 0K |
Remainder 4.20E-10 5.60E-10 2.70E-10 2.40E-10
[ Worker Coefficients (ICRP 30) 11 ‘Worker Coefficients (ICRP £8) Effective (ICRP 60) 1.30E-07 1.60E-07 1.50E-08

%OAK RIDGE
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Solving Question 2 (a) and (b)

1. Click Dose Coefficients tab.
2. Click Public Inhalation Coefficients.

3. Select 1131 from the drop-down nuclide menu,

— 1 year old button from the age menu.
— Click Display.

%OAK RIDGE

al Labor:



Solution 2 (a) and (b)

a) Child (1-y) = 7.2E-8 Sv/Bq
Adult (>17) = 7.4E-9 Sv/Bq

* b) Ratio of dose coefficients (Child/Adult) =
7.2E-8/7.4E-9 = 9.7

#,OAK RIDGE
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Question 2 (c) and (d)

« The concentration of 3 (Type F) in air in an
unrestricted area is 3x102 Bg/m3. Assuming this
concentration to remain constant over a period of
one year, and using ICRP-60 data

a) What is the dose coefficient in this case for a 1
year-old child and for an adult?

b) What is the ratio of these coefficients?

c) What would be the effective dose to the child
and to the adult as a result of the 1 year
exposure?

d) What is the ratio?

%OAK RIDGE
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Question 2 (c) and (d)

. Radiological Toolbox

General Help  Glossary

Biological Data

Decay Data

Dose Coefficients

Dose Calculations

Early Inhalation

Element Data

Material Data

Public Exposure Data

Radiation Field Data

Risk Coefficients

Supplemental Data

- 3 ICRP 89 Reference Data for respiratory function - O X
View Manual Help Index About

- Biokinetic Models Age|Age Unit |Gender Value|Units | Reference
Display | IGI model 'I 3[mo bath 0.19[m3h-1|Table 2.32,p. 25
1|y bath Wl m3h-1 [Table 2.32, p. 25
o 5|y both 0.57m3h-1 |Table 232, p. 25

Bioassay Data

- : 10y both 1.1|m3h-1 |Table 2.32, p. 25
Display | [am2ar ] Tvee|m ] 15[y male 1.4[m3h-1_|Table 232,p. 25
15y female 1.3|m3h-1 |Table 2.32, p. 25
— Composition of Tissues 20|y male 1.5/m3h-1 |Table 2.32,p. 25
20|y female 1.3|/m3h-1 |Table 2.32, p. 25

Display | [ADIPOSE TISSUE (1CRP) ~l

— Organ Masses - ICRP 23/89/72
Select Units | g

Display |
ICRP 83 Data I llespiratory function LI

~ICRP89 Reference Values
-~ Radiation Health Effects

Display | ISummary of Health Effects |

Biological Data l

Select Reference Characteristics

IVentiIation (L Exercise 32%) LI

Apply

Print

Export

0

T
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Solving Question 2 (c) and (d)

1. Click Biological Data.

2. ICRP-89 Reference Values.

3. Respiratory Function, Ventilation, Light Exercise:
Child = 0.35 m3/hr Adult = 1.5 m3/hr

%OAK RIDGE
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Solution 2 (c) and (d)

c) The annual doses are:

 Child:

D = 7.2E-8 Sv/Bqg x 300 Bg/m?3 x 0.35 m3/hr x 8760
hr/yr x 1 yr = 0.066 Sv

* Adult:
D = 7.4E-9 Sv/Bqg x 300 Bg/m?3 x 1.50 m3/hr x 8760

hr/iyr x 1 yr = 0.029 Sv

d) Ratio of annual dose (Child/Adult) = 0.066/0.029 =
2.3

Although the ratio of dose coefficients is 9.7, the ratio of annual doses is
2.3. The reason for this difference in ratios is the difference in breathing

rates. % OAK RIDGE

al Labor:



Question 3

* A worker is suspected of having inhaled airborne
134Cs (Type F) and was asked to collect a 24-hour
urine sample. The sample was collected 5 days
following the suspected intake incident, and showed
an activity of 50 Bg/mL of urine. The volume of
urine was 950 mL.

a) What is the estimated intake?
b) What is the resulting effective dose?

c) Which organ receive the highest dose from this
exposure and does it exceed the 0.5 Sv imposed
by US regulations on organ dose?

%OAK RID(,E

al Labor:



Question 3 (a)

* A worker is suspected of having inhaled airborne
134Cs (Type F) and was asked to collect a 24-hour
urine sample. The sample was collected 5 days
following the suspected intake incident, and showed
an activity of 50 Bg/mL of urine. The volume of
urine was 950 mL.

a) What is the estimated intake?
b) What is the resulting effective dose?

c) Which organ receive the highest dose from this
exposure and does it exceed the 0.5 Sv imposed
by US regulations on organ dose?

%OAK RID(,E
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Solving 3 (a)

1. Click the Biological data tab.
2. Inthe Bioassay Data tab, select Cs-134 and

select Type F and click Display.

3. Inthe E_Urine(t) column select the row

corresponding to 5 days and read the value

5.43E-3.

This is the urine excretion fraction for that time post—mtake
® Radilogical ToolBBk %

General Help  Glossary  View Manual He\plndex About

Double-click any

Biokinetic Models

Display Gl model v

Bioassay Data

Cs134 -~

Composition of Tissues

Biological Data
Decay Data
Dose Coefficients

Dose Calculations
Display IADIPDSE TISSUE (ICRP)
Eab nheietin Organ Masses - ICRP 23/89/72
Displa
Element Data L‘

ICRP89 Reference Values
Material Data ICRP 89 Data alimentary function v
Public Exposure Data

Select Units g

Radiation Health Effects
Radiation Field Data
Risk Coefficients
Supplemental Data

Display ISummary of Health Effects LI

Cumulative Urin those data.

- ccolumn to plot

J= Help

Export

Print

Biological Data J

Time Cumulative Fecal .

[days) ESecall) Excretion ESUime(t Excretion
0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
1.00E+00 9.64E-04 9.64E-04 7.86E-03 7.86E-03
1.50E+00 1.66E-03 1.93E-03 1.13E-02 1.36E-02
2.00E+00 2.10E-03 3.06E-03 1.11E-02 1.89E-02
2.50E+00 2.34E-03 4.27E-03 9.93E-03 2.36E-02
3.00E+00 2.41E-03 5.47E-03 8.76E-03 2.77E-02
3.50E+00 2.36E-03 6.63E-03 7.71E-03 313E-02
4.00E+00 2.23E-03 7.71E-03 6.82E-03 3.45E-02
4.50E+00 2.07E-03 8.69E-03 6.06E-03 3.74E-02
5.00E+00 1.89E-03 9.59E-03 5.43E-03 3.93E-02
5.50E+00 1.71E-03 1.04E-02 4.89E-03 4.22E-02
6.00E+00 1.55€-03 1.11E-02 4.44E-03 4.44E-02
7.00E+00 1.27E-03 1.24E-02 3.74E-03 4.81E-02
8.00E+00 1.05€-03 1.35€-02 3.24E-03 5.13E-02
9.00E+00 8.96E-04 1.44E-02 2.80E-03 5.42E-02
1.00E+01 7.82E-04 1.51E-02 2.62E-03 5.68E-02
1.50E+01 5.43E-04 1.82E-02 2.07E-03 6.79E-02
2.00E+01 4.86E-04 2.07E-02 1.91E-03 7.78E-02
2.50E+01 4.62E-04 2.31E-02 1.83E-03 8.71E-02
3.00E+01 4.45E-04 2.53E-02 1.76E-03 9.60E-02
3.50E+01 4.29€-04 2.75E-02 1.70E-03 1.05E-01
4.00E+01 4.14E-04 2.96E-02 1.64E-03 1.13E-01
4.50E+01 3.99E-04 3.16E-02 1.58E-03 1.21E-01
5.00E+01 3.85E-04 3.36E-02 1.53E-03 1.23E-01
5.50E+01 3.71E-04 3.54E-02 1.47€-03 1.36E-01
6.00E+01 3.58E-04 3.73E-02 1.42E-03 1.43E-01
7.00E+01 3.33E-04 4.07E-02 1.32E-03 1.57E-01
S00E.01 A10F.NA FRECEN0E) 190 1 70F.

4
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Solution 3 (a)

Intake =
(50 (Bg/mL) x 900 (mL))/5.43E-3 = 8.29E6 Bq
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Question 3 (b)

* A worker is suspected of having inhaled airborne
134Cs (Type F) and was asked to collect a 24-hour
urine sample. The sample was collected 5 days
following the suspected intake incident, and showed

an activity of 50 Bg/mL of urine. The volume of
urine was 950 mL.

a) What is the estimated intake?
b) What is the resulting effective dose?

c) Which organ receive the highest dose from this
exposure and does it exceed the 0.5 Sv imposed
by US regulations on organ dose?

%OAK RID(,E
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Solving 3 (b)
1. Click Dose Coefficient tab.

2. ICRP-68 worker data

3. Select Inhalation of Cs-134,
b) Effective dose coefficient is 9.6E-9 Sv/Bq.

EEE=

[y Inhalation dose coefficients ( Sv / Bg) fro

m ICRP 6

@ Radiolo |caI7T 0 .

General Help  Glossary View Manual Help Index About Toiad
R Half Life 2.062y
Biological Data Nuclide Select intake mode: — Type E
Cs134 = " Ingestion | AMAD 5.00E+00
Decay Data | @ Inhalation fl 1.00E+00
Adrenals 1.00E-08
. Urinary Bladder 9.70E-09
Do:e Coefficients I™ Include daughters with T1/2> 10 m? Bone Surface 9.60E-09
Brain 7.40E-09
Select Units | Clear Grid | Breast 6.80E-09
Dose Calculations Esophagus 9.00E-09
Sy |/ Bq Stomach 9.00E-09
Ealy Inhalation | SmallIntestine__ 1.00E-08
Upper Large Intestine 9.70E-09
- Display Lower Large Intestine 1.10E-08
Element Data Colon 1.00E-08
Help Kidneys 9.40E-09
X Liver 9.50E-09
Material Data Refs Muscle 8.40E-09
Ovaries 1.00E-08
Public Exposure Data Pancreas 1.00E-08
Red Marrow 9.00E-09
Extrathoracic Airways 2.30E-08
Radiation Field Data Lungs 8.50E-09
Skin 6.30E-09
Spleen 9.40E-09
Fhsk Coefficients Testes 3 40E-09
Thymus 9.00E-09
Supplemental Data Worker Coefficients (ICRP30) | Worker Coefficients (ICRP 68) Thyoid S
erus .00E -
L Public Ingestion Coefficients J Public Inhalation Coefficients || Remainder 1 50E-08
[ Public Extemal Coefficients [FGR 12) J Effective (ICRP B0] 9.60E-09

%
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Solution 3 (b)

Committed effective dose
= 9.6E-9 (Sv/Bq) x 8.29E6 (Bq)
= 0.08 Sv
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Question 3 (c)

* A worker is suspected of having inhaled airborne
134Cs (Type F) and was asked to collect a 24-hour
urine sample. The sample was collected 5 days
following the suspected intake incident, and showed
an activity of 50 Bg/mL of urine. The volume of
urine was 950 mL.

a) What is the estimated intake?
b) What is the resulting effective dose?

c) Which organ receive the highest dose from this
exposure and does it exceed the 0.5 Sv imposed
by US regulations on organ dose?

%OAK RIDGE
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Solution 3 (c)

Y [Nuclide] Cs-134

Half Life 2.062y
 Using the limit of 0.5 Sv for ik =
. f1 1.00E+00

any organ, and an intake of e 708 05
8.29E6 Bq, any organ with a Bone Sulace 9.80E 09
dose coefficient greater than ELZZiagus §§§E§§
0.5/8.29E6 = 6.0E-8 Sv/Bq will | (Femtineie — " frmece
exceed the Iimit. Lower Lage ntestine__{1.10E 05
Kidneys 9.40E-09

A review of the dose E. §§§E§§
coefficient table shows that P S0
none of the organs exceeds | ™" s
Skin 6.30E-09

that dose_ Spleen 9.40E-03
Testes 8.40E-09

Thymus 9.00E-09

Thyroid 9.00E-09

Uterus 1.00E-08

Remainder 1.50E-08

Effective (ICRP 60) 9.60E-09

#,OAK RIDGE
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Question 4

a) What is the mean energy and the end-point
energy of the beta spectrum emitted by 32P?

b) What is the CSDA range, gm/cm? of electrons with
this end-point energy in leaded glass? What
fraction of the beta energy is going to be
converted to bremsstrahlung radiation?

%OAK RID(,E
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Question 4 (a)

a) What is the mean energy and the end-point
energy of the beta spectrum emitted by 3?2P?

b) What is the CSDA range, gm/cm? of electrons with
this end-point energy in leaded glass? What
fraction of the beta energy is going to be
converted to bremsstrahlung radiation?

#,OAK RIDGE
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Solving 4 (a)
1. Click the Decay Data tab.

Select the ICRP-107 Data tab.
Select P-32 from the Nuclide drop-down menu.

Select the Beta Spectrum button.

a &~ 0D

Click Display. The average and end-point energies are
shown at the top of the beta spectrum.

3. ICRP 07 Beta Spectrum for P-32: End point 1.7106 and average energy 0.695 MeV = m}

General Help  Glossary View Manual Help Index About

Biological Data Nuclide: [p.32 Select type of data:
—l = Select Units

" Energy-Intensity Data
Decay Data ¢ Beta Spectrum (Specific Activity)
" Decay Chain Table ]
" Decay Chain Graphic Units: Bq ! kg
Dose Coefficients " Activity

" Summary
Dose Calculations
Select level of E * | data to display Decay time for activity calculation
Early Inhalation " >20% of all E*) [10 I v w
" 310% of all (E) ey
> 1% of all [E)

Element Data > 01%of all E4)
@ all radiations Display

=
@
@
@

Material Data
Help

Public Exposure Data
Refs
Radiation Field Data Air-Kerma Rate
Constants

bl

Risk Coefficients —
Periodic Table

Supplemental Data

ICRP 107 Data J

z
=1,
=1
=}
@
@

Print Export to Excel Table Export to Monte Carlo Input | 0K



Solution 4 (a)

* End-point = 1.7106 MeV
* Average = 0.695 MeV

General Help  Glossary

Biological Data
Decay Data
Dose Coefficients
Dose Calculations
Early Inhalation
Element Data
Material Data
Public Exposure Data
Radiation Field Data
Risk Coefficients
Supplemental Data

- O
View Manual Help Index About
Nuclide:lp.32 Select type of data:
ad ; Select Units
" Energy-Intensity Data
(% Beta Spectium (Specific Activity)
" Decay Chain Table B K
" Decay Chain Graphic Units: q ! g
 Activity
" Summary
Select level of E * | data to display — Decay time for activity calculation—
" 520% of all (E*)
1.0
© 510% of all E4) I Jpears 7]
3 1% of all (E4)
> 01% of all (EX) -
@ 3l radiations
Help
Refs
Air-Kerma Rate
Constants
Periodic Table
ICRP 107 Data | Isotopes

[ ICRP 07 Beta Spectrum for P-32: End point 1.7106 and average energy 0.695 MeV = m} X

m
>
E (MeV)
Print Export to Excel Table Export to Monte Carlo Input | 0K
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Question 4 (b)

a) What is the mean energy and the end-point
energy of the beta spectrum emitted by 32P?

b) What is the CSDA range, gm/cm? of electrons with
this end-point energy in leaded glass”? What
fraction of the beta energy is going to be
converted to bremsstrahlung radiation?

#,OAK RIDGE
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Solving 4 (b)

Click the Material Data tab.

Select the Electron Data tab.

Select Glass, Lead from the material drop-down menu.

Check the CSDA Range and the Yield buttons.

Click Display.
Read the CSDA and Yield

General Help  Glossary

Biological Data
Decay Data

Dose Coefficients
Dose Calculations
Early Inhalation
Element Data
Material Data
Public Exposure Data
Radiation Field Data
Risk Coefficients
ez |

Supplemental Data

View Manual Help Index About

Double-click any

|GLass, LEAD

~Select:
[~ Stopping Power - Collision

[~ Stopping Power - Total
[v CSDA Range

v Radiation Yield

[~ Density Effect Delta

[~ Stopping Power - Radiative

Photon Cross Section

Select Units

Coefficients: MeV cm”2 { g

Range: g jem™2
Display
Help

Refs

Wi

Electron Data

L Alpha Data

J Photon Buildup

[ Composition

l Kerma

me\ﬁ'f Energy [Cgsi[c’n’:g]“‘"‘-’e Radiation Yield
5.00E01 eI 328602
550601 345601 3.50E-02
£.00E01 386E01 372602
7.00E01 46901 415602
8.00E-01 552601 455602
9.00E01 £.35E01 49302
1.00E+00 71801 5.30E-02
1.256+00 922601 617602
1.50E+00 1.12E+00 £.99E-02
1.75E+00 1.32E+00 7.78E-02
2.00E+00 1.51E+00 8.53E-02
250E+00 1.87E+00 9.96E.02
3.00E+00 2 276 +00 11301
3.50E+00 2 E5E+00 126601
4.00E+00 2 87E+00 1.38E01
4.50E+00 318E+00 1.50E-01
5.00E+00 3.47E+00 1.61E01
5.50E+00 3.76E+00 1.72E-01
£.00E+00 4.03E+00 1.82E-01
7.00E+00 4 .55E+00 2.02E-01
8.00E+00 5.04E +00 2.20E-01
9.00E+00 5 51E+00 2.37E-01
1.00E+01 5.95E.+00 250
1.25E+01 £.97E+00 28801
1.50E+01 7 BBE+0D 319601
1756401 8.71E+00 347E01
2.00E <01 9.4BE+00 371E01
250E+D1 1.08E+01 41ED
3 NNF +N1 1 21F +N1 4 47F-M

- column to plot
those data.

Export
Print

0

il




Solution 4 (b)

The values at 1.75 MeV may be considered close
enough, or interpolation may be used between
values at 1.50 and 1.75 MeV.

« CSDA: 1.32 g/cm?
* Yield: 7.78E-2 (7.78%)
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Question 5

a) For an adult worker, what fraction of a 1000 Bg
inhalation of a Type S, 5 um AMAD °8Co aerosol
Is exhaled immediately after inhalation of that
aerosol?

b) What fraction of the activity is deposited in the
thoracic and in the extra-thoracic regions?

c) What activity in a 24-hour urine sample would you
expect to find if the sample is taken 10 days after
the intake?

%OAK RID(,E
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Question 5 (a) and (b)

a) For an adult worker, what fraction of a 1000 Bg
inhalation of a Type S, 5 yum AMAD °3Co aerosol
Is exhaled immediately after inhalation of that
aerosol?

b) What fraction of the activity is deposited in the
thoracic and in the extra-thoracic regions?

c) What activity in a 24-hour urine sample would you
expect to find if the sample is taken 10 days after
the intake?

#,OAK RIDGE
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Solving 5 (a) and (b)

* Click the Biological Data tab.

 In Biokinetic Models, select Lung Model and click Display.

* Click the Default Regional Deposition highlighted text.

* In the table under AMAD = 5 microns, add the fractions
deposited in the ET, BB, and BB and Al regions.

TSR T

I Lung model LI

removed by extrinsic means such as nose blowing, and
o 0 the posterior nasal passages. The airways of the I

loassay Data thorax include the bronchi (BB), bronchioles (bb), and
Dose Coefficients Display | [am241 =] Twee|u ] alveolar-interstitial (A/) region. Material deposited in
- the thoracic airways may be cleared into blood by
Dose Calculations Composition of Tissues absorption, to the Gl tract by mechanical processes |

Display | [ADIPOSE TISSUE (ICRP) ~| (that is, transported upward and swallowed), and to the ‘

regional lymph nodes (LN) via lymphatic channels. The
Organ Masses - ICRP 23/83/72 thin arrows on the figure denote the mechanical

Displas Select Units clearance of particles (numerical values shown are the
Element Data —yl 9 p (

—‘ fractional rate per day). For example, particles

Decay Data @ Lung Model

Early Inhalation

ICRPS Reference Values transport from bb_1 to BB_1 occurs at a fraction rate |

Material Data ICRP 89 Data alimentary function v of 2/d. Click here for the total deposition and here for
the default regional deposition values.

Public Exposure Data Radiation Health Effects ——————— L | emmmmmmmmmmmmmmmmmmmmmmmmmmam———

Display ISummary of Health Effects L‘

Radiation Field Data

Risk Coefficients

0001

LN __fee—j ET
ET] 529

Supplemental Data

Biological Data J '




Solving 5 (a) and (b)
Click the Biological Data tab.

In Biokinetic Models, select Lung Model and click Display.

Click the Default Regional Deposition highlighted text.

In the table under AMAD = 5 microns, add the fractions

deposited in the ET, BB, and BB and Al regions.

@ Radiological Toolbox

General Help  Glossary View Manual Help Index About

Biological Data
Decay Data

Dose Coefficients
Dose Calculations
Early Inhalation
Element Data
Material Data

Public Exposure Data

Radiation Field Data

Risk Coefficients
| e

Supplemental Data

Biokinetic Models
ILung model Z|

Bioassay Data

Display Am-241 v Type: M v

Composition of Tissues

Display IADIPDSE TISSUE (ICRP)

Organ Masses - ICRP 23/83/72

Display Select Units g

ICRP83 Reference Values

ICRP 83 Data alimentary function v

Radiation Health Effects

Display |Summary of Health Effects ﬂ

Biological Data J

N e 2 &

Hide  Back Forward Print

[2] Lung Model

03 9.031E-03 6.796E-03
BBs 5.038E-03 5.018E-03 4.911E-03 5.541E-
03 7.740E-03 ©5.974E-03

BBseq 7.287E-05 7.287E-05 7.245E-05 §8.169E-
05 1.182E-04 9.002E-0S
ET2 2.719E-01 2.729E-01 2.231E-01 2.285E-

01 1.812E-01 1.896E-01
ETseq 1.360E-04 1.365E-04 1.116E-04 1.143E-
04 9.065E-05 9.485E-05
ET1 2.097E-01 2.107E-01 1.73%E-01 1.77S5E-
01 1.391E-01 1.489E-01

Default deposition fractions (AMAD = 5 micron) for an adult
worker

Region Deposition
2Tl 1.596E-02
AI2 3.191E-02
I3 5.319E-03
bbf 6.569E-03
bbs 4.384E-03
bbseq 7.721E-05
BBf 1.171E-02
BBs 5.921E-03
BBseqg 1.243E-04
ET2 3.98%E-01
ETseq 1.996E-04
ET1 3.385E-01




Solution 5 (a) and (b)
Deposition in ET = 73.76%

BB =1.78%
bb =1.09%
Al = 5.32%

Total Deposition = 81.93%
Amount exhaled = 18.1%

Note: ET1 corresponds to the nasal lings in a nose breather. According to
the table, about 34% of the 5 micron aerosol is deposited there. Therefore,
if a nose swab is taken, a qualitative idea of the possible intake is probably
more than about three times the activity on the swab, depending on how
much of the nasal deposit is collected on the swab.

%QAK RIDGE
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Question 5 (c)

a) For an adult worker, what fraction of a 1000 Bg
inhalation of a Type S, 5 um AMAD °8Co aerosol
Is exhaled immediately after inhalation of that
aerosol?

b) What fraction of the activity is deposited in the
thoracic and in the extra-thoracic regions?

c) What activity in a 24-hour urine sample would you
expect to find if the sample is taken 10 days after
the intake?

%OAK RIDGE
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Solving 5 (c)

1. Click Biological Data

2. Select 58Co, Type S in Bioassay Data, and click display.

3. Under E_Urine, in the row corresponding to 10 days, read
2.53E-4 (Bg/Bg-Intake).

Biological Data
Decay Data

Dose Coefficients |

General Help  Glossary View Manual Help Index About

Dose Calculations
Early Inhalation
Element Data
Material Data
Public Exposure Data
Radiation Field Data
Risk Coefficients
Supplemental Data

Double-click any
column to plot

>

 Biokinetic Model [z E_Fecalll) Cumulative Fecal | |jineqy Cumulative Urin | Ithose data.
(days) Excretion Excretion
Display Gl model v
0.00E+00 0.00E+00 T.00E+00 D.00E+00 T.00E+00
. 1.00E+00 1.09E-01 1.09E-01 56303 563E-03
Bloassay Date — 1.50E+00 16901 195601 5.28E-03 75903
Cofe | we s o 2.00E+00 153601 262601 310E-03 872603
2.50E+00 1.14E01 3.09E-01 1.84E03 943603
e T 3.00E+00 77902 340601 1.18E-03 9.91E-03 =2
- 350E+00 5.09E-02 360E-01 8.39E-04 1.03E-02
Display_| |4DIPOSE TISSUE ICRP) = 4.00E+00 325602 3.73E-01 6.53E-04 1.08E-02
450E+00 205602 381E01 547604 1.08E-02
~ Organ Masses - ICRP 23/89/72 5.00E+00 1.29E-02 3.86E-01 481E04 1.10E-02
. ; I— 5 50E+00 B.14E-03 3.89E-01 437604 113602
M M 9 £.00E+00 523603 391E01 4.05E-04 114602 Help
7.00E+00 22903 3.93E-01 355604 1.18E-02
[7|CRF89 Reference Value: 5.00E+00 119603 394E01 316E-04 1.21E-02
ICRP 89 Data alimentary function v 3.00E+00 7.76E-04 3.95E-01 282604 1.24E02
1.00E+01 6.10E-04 3.96E-01 253E-04 1.27E-02
 Radiation Health Effact 1.50E+01 4.356-04 3.98E-01 1.50E-04 1.36E-02
= 2.00E+01 362604 4.00E-01 9.26E-05 1.41E-02
Display | [Summanry of Healh Effects =l 250E+01 304604 402601 £.08E-05 1.45E-02
3.00E+01 257604 4.03E-01 425605 1.48E-02
350E+01 219604 404E01 317E05 1.43E-02
£.00E+01 1.86E-04 4.05E-01 24905 151602
450E+01 1.59E-04 4.06E-01 205605 1.526E-02 Bren
5.00E+01 1.36E-04 407601 1.73E-05 1.53E-02
5.50E+01 1.17E-04 4.07E-01 151E-05 1.54E-02 Print
£.00E+01 1.01E-04 4.08E-01 1.326-05 1.54E-02
I 7.00E+01 755605 4.09E-01 1.056-05 1.55E-02 i
Biological Data 2 00F .01 R 70E.NR A NnaF.n QAAENR 1 RRE.N2
K0 2l
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Solution 5 (c)

Activity expected in the 24-hour urine sample is:
Urine activity = 1,000 x 2.53E-4 = 0.253 Baq.

This type of calculation is helpful to determine whether the available urine
counting protocol and equipment are capable of measuring this level of
activity in the sample, given the methods used on site for routine bioassay
intervals amounts of urine collected per sample, for example, a 24-hour
sample or a “grab” sample. The grab sample is taken from one voiding and
therefore usually contains much less activity than a 24-hour sample, and so
required greater measurement capabilities to detect a given minimum
intake level.

%QAK RIDGE
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Question 6

a) What is the air kerma rate free-in-air at a location
where the 0.08 MeV photon fluence is 2.24E8

photons/cm?2?

b) What is the effective dose rate resulting from
exposure to this beam when incident on the body
In the AP direction at that location? What is the
dose rate if the direction was PA with the same
fluence rate? What is the rate if the radiation is
Isotropic?

%OAK RID(,E
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Question 6 (a)

a) What is the air kerma rate free-in-air at a location

b)

where the 0.8 MeV photon fluence is 2.24E8
photons/cm?2?

What is the effective dose rate resulting from
exposure to this beam when incident on the body
In the AP direction at that location? What is the
dose rate if the direction was PA with the same
fluence rate? What is the rate if the radiation is
Isotropic?

%OAK RIDGE
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Solving 6 (a)
. Click the Radiation Field Data tab.

2. Select the Operational quantities button.
3. Click Display.

The air kerma column at 0.8 MeV shows a kerma
rate of 3.69 pGy-cm=?.This unit may be interpreted as
pGy per photon/cm? or the kerma per unit fluence.

1

General Help  Glossary

Biological Data
Decay Data
Dose Coefficients
Dose Calculations
Early Inhalation
Element Data
Material Data
Public Exposure Data

Radiation Field Data

Radiological Too
s

View Manual Help Index About

[= o x|

Select:

Operational quantities

AP - Antero-posterier geometry
P4, - Postero-anterier geometry
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Photon Radiation Field (ICRP 74)

J Neutron Radiation Field (ICRP 74)

[ PhotonfField data for Operational quan

Direction Dose . Lol .
Photon Energy Equivalent Conv aikema FreeinAr Hp(10) per &ir Kerma Rpl0.07) perai
(MeV) Coeff peilleqce (Sv /Gy) Kems

{(Sv /Gy) [pGy cm”2) [Sv /Gy)
1.00E-02 9.50E-01 7.60E+00 9.00E-03 9.47E-01
1.50E-02 9.90E-01 3.21E+00 2.64E-01 9.81E-01
2.00E-02 1.05E+00 3.21E+00 B.11E-01 1.05E+00
3.00E-02 1.22E+00 7.39e-01 1.11E+00 1.23E+00
4.00E-02 1.41E+00 4.38E-01 1.49E+00 1.44E+00
5.00E-02 1.53E+00 3.28E-01 1.77E+00 1.63E+00
6.00E-02 1.59E+00 2.92E-01 1.89E+00 1.72E+00
8.00E-02 1.61E+00 3.08E-01 1.90E+00 1.73E+00
1.00E-01 1.55E+00 3.72E-01 1.81E+00 1.67E+00
1.50E-01 1.42E+00 6.00E-01 1.61E+00 1.52E+00
2.00E-01 1.34E+00 8.56E-01 1.43E+00 1.43E+00
3.00E-01 1.31E+00 1.38E+00 1.37E+00 1.34E+00
4.00E-01 1.26E+00 1.89E+00 1.30E+00 1.28E+00
5.00E-01 1.23E+00 2.38E+00 1.26E+00 1.24E+00
6.00E-01 1.21E+00 2.84E+00 1.23E+00 1.22E+00
8.00E-01 1.19E+00 3.69E+00 1.18E+00 1.19E+00
1.00E+00 1.17E+00 4.47E+00 1.17E+00 1.17E+00
1.50E+00 1.15E+00 B.12E+00 1.14E+00
2.00E+00 1.14E+00 7.51E+00 1.13E+00
3.00E+00 1.13E+00 9.89E+00 1.12E+00
4.00E+00 1.12E+00 1.20E+01 1.11E+00
5.00E+00 1.11E+00 1.39e+01 1.11E+00
6.00E+00 1.11E+00 1.58E+01 1.11E+00
8.00E+00 1.11E+00 1.95E+01 1.11E+00
1.00E+01 1.10E+00 2.32E+01 1.11E+00
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Solution 6 (a)

The kerma rate corresponding to the 2.24E8 fluence
IS:

K=2.24E8 x 3.69

= 8.27E8 pGy

= 0.827 mGy
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Question 6 (b)

a) What is the air kerma rate free-in-air at a location
where the 0.8 MeV photon fluence is 2.24E8
photons/cm?2?

b) What is the effective dose rate resulting from
exposure to this beam when incident on the body
in the AP direction at that location? What is the
dose rate if the direction was PA with the same
fluence rate? What is the rate if the radiation is
isotropic?
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Solving 6 (b)

1. Click on the AP button on the same tab and read
the effective dose coefficient (Sv/Gy) for AP, PA,
and ISO incidence at 0.8 MeV are:

AP = 1.433
* PA=1.019
« |ISO =0.749
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Solution 6 (b)

The dose rates are:

E(AP) = 0.827 (mGy/s) x 1.433 (Sv/Gy) * 0.001 (Gy/mGy)
=0.0012 mSv/s

=4.27 Sv/hr

E(PA) = 0.827 (mGy/s) x 1.019 (Sv/Gy) x 0.001 (Gy/mGy)
= 0.00084 mSv/s
= 3.03 Sv/hr

E(ISO) = 0.827(mGy/s) x 0.749 (Sv/Gy) x 0.001
(Gy/mGy)

= 0.00062 mSv/s

= 2.23 Sv/hr
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Question 7

* What is the risk resulting from continuous
submersion for a year in a cloud of 133Xe with a
constant concentration of 1E3 Bg/m3?
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Solving 7

1. Click the Risk Coefficients button.

2. Select Xe-133 from the Nuclides list.
3. Click Display.
The risk coefficients are:

Mortality = 6.59E-17 m3/Bg-s
Morbidity = 9.86E-17 m°*/Bg-s
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Risk Coefficients (FGR 13) J

B3 Air Submersion risk coefficients (m*3/ Bq s) from FGR 13 — (] X

Nuclide xe-133

Cancer mortality morbidity

esophagus 9.23E-19 1.03E-18

stomach 4.44E-18 4.93E18

colon 9.26E-18 1.68E-17

liver 1.70E-18 1.79E-18

lung 1.29E17 1.36E-17

bone 4.87E-19 6.96E-19

skin 4.96E-19 4.96E-19

breast 9.47E-18 1.89E-17

ovary 1.10E-18 1.57E-18

bladder 251E-18 5.03E-18

kidney 6.19E-19 9.52E-19

thyroid 4.81E-19 4.81E-18

leukemia 6.01E-18 B.07E-18

residual 1.55E-17 218E17 m°3/Bqgs
Total B.59E-17 9.86E-17
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Solution 7

The integrated duration of exposure is:

X =1E3 (Bg/m3) x 8760 (h/y) x 3600 (s/h)
= 3.154E10 (Bg-s/m?)

Mortality risk
= 6.59E-17 (m3/Bg-s) x 3.154E10 (Bg-s/m3)
= 2E-6

rbidity risk
.86E-17 (m3/Bg-s) x 3.154E10 (Bg-s/m?3)
E-

»
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Questions?

Lectern = Mr. Scott Moore, Deputy Director NMSS Table (left to right) = Dr.
Hertel, Dr. Dewji, Dr. Zanzonico , Peter Crane, JD, and Ms. Stephanie Cof-
fin (moderator, Deputy Director,- Division of Systems Analysis in RES)
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