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Center for Radiation Protection 

Knowledge (http://crpk.ornl.gov/) 

• Established at ORNL per MOU 2010 

– Original Signers:  DOE, DoD, EPA, NRC, and OSHA 

– MOU renewed 2015:  

• 2015 DHHS added  

• 2016 DHS added 

– 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 

 

http://crpk.ornl.gov/
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Center for Radiation Protection 

Knowledge 

CRPK Objectives 

1. Maintain state-of-the-art biokinetic and dosimetric 

methodologies  

2. Make methodologies available to stakeholders in 

Federal agencies and to the scientific community  

3. Provide technical assistance to stakeholders 

4. Provide technical analyses and documentation to 

support Federal Guidance Technical Reports  

5. Provide training material and courses for stakeholders 
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External Doses to 

Members of the 

Public from 
131

I 

Patient Release – 

Simulations 

 

 

 

 

Acknowledgment: This work 

was performed under United 

States Nuclear Regulatory 

Commission contract NRC-

HQ-60-11-D-0024 with Oak 

Ridge National Laboratory. 

  



9 

Patient Release Criteria 

• Criterion: Release patients administered licensed 
material if TEDE to a member of the public is not likely 
to exceed 500 mrem (5 mSv). 

• Guidance on calculation of dose to a member of public 
in §35.75 contained in Regulatory Guide 8.39 
“Release of Patients Administered Radioactive 
Materials”. 

• The method in the guidance is a screening method 
which uses simplifying assumptions that tend to 
overestimate the risk. 
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Currently Used (point source from NCRP 

37) 
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Reg Guide does the following 

• Highest dose is obviously the dose to total decay 

 

• Exposure rates constants and physical half lives are given in 
Appendix A of Reg Guide 8.39 

• Default activities at which patients are released are 
computed only using the physical half life 

• But biological elimination can be considered (see Appendix 
B) 

• For half lives greater than 1 day, person assumed to 
received 25% of the dose from total decay 

• Shorter half lives, 75% - 100% of dose due to total decay 

 0.693 /1 1Pt Te 
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Release of Patients 

• Based on Administered Activity (GBq) 

– There is a table (internal dose is negligible) based on 
administered activity 

– Can also released based on the retained activity using 
the physical half life 

– Nursing infant is not considered in this table 

• Based on Measured Dose calculation 

– Dose rate at 1 m from the patient surface is not greater 
than values in the table.  (record requires) 

• Can use patient specific dose calculation 
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In Appendix B, more sophisticated 

approaches are found, but still a point 

source 

• Effective half-life  

• Three component – but still a point source 

– First 8 hours after administration 

– Extrathyroidal component 8 hours to total decay 

– Thyroidal component 8 hours to total decay 



15 

 
 

      

 

0.693 0.33 / 0.693 0.33 /

1 2 1 1

2
0.693 0.33 /

2 2 2

1

2

1

0.8 134.6

100

 Extrathyroidal uptake fraction

  Thyroidal uptake fraction

  Occupancy factor for the first 8 h

P P

P

T T

P eff
o

T

eff

E T e e E FTQ
D

cm e E F T

F

F

E

 



    
   

  





 ours



16 

Objective  

• Extensive data on measured doses to medical staff and 
to family members but, for obvious reasons, none on 
dose to fellow passengers and workers at hotels and 
nursing homes, which are places that may be frequented 
by recently released patients. 

• Calculate external dose resulting from released patients 
to members of the public in various exposure scenarios: 

 

 
1. Public Transportation 

2. Nursing Home 

3. Hotel 
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Patient Cases Considered 

• DTC - 5% uptake 
Thyroid 
Cancer 

• 30% peak content with no 
decay, ~27% for I-131 

Normal 

• 80% peak content Hyperthyroid 
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Exposure Cases Considered 

• I) Public Transportation 

1. Face-to-Face Standing (10cm Separation) 

2. Patient Seated in Front of Person 

3. Patient Seated Behind Person 

4. Patient Seated Side-by-Side 

5. Patient Standing beside Seated Person 

6. Patient Seated beside Standing Person 

• II) Nursing Home 

1. Caregiver Seated 30cm from Patient Bed 

2. Patient 250cm from Nursing Home Roommate 

• III) Hotel Room 

1. Back-to-Back Seated in Bed in Adjacent Rooms 

2. Back-to-Back Lying in Bed in Adjacent Rooms 
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Methodology 

Model the patient 
and member of 

the public 

Model movement 
of 131I in the 

patient’s body as 
a function of time 

Calculate the 
dose rate to the 
member of the 

public as a 
function of time 

Integrate dose 
rates to calculate 
total dose for the 

exposure 
scenarios 
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Methodology – Monte Carlo Simulation 

• Adult mathematical hermaphrodite phantom PIMAL (Phantom 
with Movable Arms and Legs) developed at ORNL. 

− ICRP 89 tissue compositions and densities.  

− Bremsstrahlung photons were generated and tracked.  

− MCNP6 employed. 
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Methodology – Monte Carlo Simulation 

− PIMAL 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 

 

− ORNL inquiry: 
pimal@ornl.gov 
 

https://www.usnrc-ramp.com/
https://www.usnrc-ramp.com/
https://www.usnrc-ramp.com/
mailto:pimal@ornl.gov
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Biokinetic Modeling 

Revised 131I  model (Leggett, Radiation Research 174, 2010)  
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Biokinetic Model – Continuous Void 

Model predictions of retained fraction of 131I in the body as a function of 

time assuming a continuous voiding pattern. 
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Biokinetic Model – Single Void 

Model predictions of retained fraction of 131I in the body assuming single 

void at 4 hours after administration. 
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Biokinetic Model – Periodic Void 

Model predictions of retained fraction of 131I in the body as a function of 

time assuming a 4-hour periodic voiding pattern. 
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DTC – 5%Thyroid Uptake -  Bladder Fraction 
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Bladder Fraction – Hyperthyroid Uptake (80%) 
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Thyroid Fraction – Hyperthyroid Case 
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Case 1: Public Transportation 

1. Bus: Standing Face-
to-Face Chest-to-Chest 

(10cm Separation) 

3. Bus: Patient Seated Behind 
(Bladder Source)  

2. Bus: Patient Seated in 

Front.  

(Whole Body Source) 

 

4. Bus: Patient Seated Side-
by-Side (Whole Body Source) 

5. Bus: Patient Standing, 

Public Seated  

(Bladder Source) 

6. Bus: Patient Seated, 

Public Standing 

(Bladder Source) 
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Results: Effective Dose Rate on Public Transportation 

Effective Dose Rate (mSv/MBq-hr) on Public Transportation: Facing 10cm Separation. 
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Time Post-Administration (hrs.)

No void-Normal Thyroid No void-5% Uptake (DTC)

No void-80% Uptake (Hyperthyroid) Void at 2 hours-Normal Thyroid

Void at 2 hours-5% Uptake (DTC) Void at 2 hours-80% Uptake (Hyperthyroid)

Void at 4 hours-Normal Thyroid Void at 4 hours-5% Uptake (DTC)

Void at 4 hours-80% Uptake (Hyperthyroid) Void at 8 hours-Normal Thyroid

Void at 8 hours-5% Uptake (DTC) Void at 8 hours-80% Uptake (Hyperthyroid)

Hyperthyroid

DTC
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Case 2 - Nursing Home 

• Nursing Home: Caregiver 
was seated 30 cm from the 
edge of the 131I patient’s 
bed (~125 cm from the 
patient’s chest to the 
caregiver’s chest). 

• Nursing Home: 131I patient 
and another nursing home 
resident were seated in 
adjacent beds 250 cm 
apart. 

 

Profile view 

Patient 
reclining in 

bed 

Caregiver 
30cm from 

bed 

Aerial view 
Patient 

reclining in bed 
Roommate 

reclining in bed 
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Case 3: Hotel Room 

• Hotel: 131I patient and 
another hotel guest in an 
adjacent room were 
investigated for back-to-
back seated in bed 
position. 

• Hotel: 131I patient and 
another hotel guest in an 
adjacent room were 
investigated for back-to-
back lying flat positions in 
beds on opposite sides of 
the common wall. 
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Case 1: Public Transportation Results 

131I (DTC) Cancer Patient: 

− Patient administered 7 GBq 131I 

− Assume patient voids once only 

− Boards public transit immediately after voiding 

− Rides with 100% occupancy factor 

 

 
Time Post-131I 

Administration 

Time to Exceed Dose 

(10 cm Facing) 

Time to Exceed Dose  

(Patient Seated Behind) 

1 mSv 5 mSv 1 mSv 5 mSv 

No void <1 hr < 4 hrs < 4 hrs  18 hrs 

2 hours 1 hr 5 hrs 4 hrs <24 hrs 

4 hours >1 hr < 6 hrs 4 hrs >24 hrs  (4.4 mSv) 

8 hours <2 hrs < 8 hrs 6 hrs >24 hrs  (3.1 mSv) 
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Case 1: Public Transit Results 

Time Post-131I 

Administration 

Time to Exceed Dose 

(10 cm Facing) 

Time to Exceed Dose 

(Patient Seated Behind) 

1 mSv 5 mSv 1 mSv 5 mSv 

No void >4hrs <24 hrs <12 hrs (1.4 mSv) >>24 hrs 

2 hours <6hrs 24 hrs <12 hrs (1.2 mSv) >>24 hrs 

4 hours <6hrs 24 hrs <12 hrs (1.1 mSv) >>24 hrs 

8 hours <6hrs >24 hrs <12 hrs (1.1 mSv) >>24 hrs 

131I Hyperthyroid Patient: 

− Patient administered 1.1 GBq 131I 

− Assume patient voids once only 

− Boards public transit immediately after voiding 

− Rides with 100% occupancy factor 
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131I Patient in Nursing Home in Bed: 

− Continuous (first-order) voiding 

− Conservative Case: 100% occupancy factor 

 

 

Exposure Scenario 

2 hr. →90 d 

DTC (mSv) 

 

Caregiver 

(30cm from bed) 

4.00 

Nursing Home Roommate 

(250 cm) 

0.59 

7000 
MBq 

Exposure Scenario 

2 hr. →90 d 

Hyperthyroid (mSv) 

 

Caregiver 

(30cm from bed) 

5.67 

Nursing Home Roommate 

(250 cm) 

0.89 

Case 2: Nursing Home Results 

1100 
MBq 
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Case 3: Hotel Room Results 

Time of 

Exposure 

Post-

Administration 

Time to Exceed Dose 

(Seated) 

Time to Exceed Dose 

(Lying) 

1 mSv Max (240 hrs) 1 mSv Max (240 hrs) 

4 hours 144 hrs 1.2 mSv  N/A 0.4 mSv 

8 hours 216 hrs 1.0 mSv N/A 0.4 mSv 

24 hours N/A 0.6 mSv N/A 0.3 mSv 

131I Cancer Patient: 

− Patient administered 7 GBq 131I 

− Patient assumed to check-in 12 hours after administration 

− Periodic Voiding (every 4/8/12 hours) 

− Conservative Case: 100% occupancy factor 
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Case 3: Hotel Room Results 

Time of 

Exposure 

Post-

Administration 

Time to Exceed Dose 

(Seated) 

Time to Exceed Dose 

(Lying) 

1 mSv Max  

(240 hrs) 

1 mSv Max (240 hrs) 

4 hours <168 hrs 1.3 mSv N/A 0.8 mSv 

8 hours 168 hrs <1.3 mSv N/A 0.7 mSv 

24 hours < 192 hrs 1.1 mSv N/A 0.7 mSv 

131I Hyperthyroid Patient: 

− Patient administered 1.1 GBq 131I 

− Patient assumed to check-in 12 hours after administration 

− Periodic Voiding (every 4/8/12 hours) 

− Conservative Case: 100% occupancy factor 
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 Hotel 

Housekeeper 

Internal Dose 
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Current Inhalation Dose to An 

Individual From Exposure to a 

Released Patient 

• Regulatory Guide 8.39 provides the following 
estimate to the maximum internal effective dose 
to an individual from a released patient 

 

• Based 

– 10-6 Rule of thumb from Brodsky, HP 39, 991-1000 
(1980) for workplace environments 

– Multiplied by 10 to account for the most highly 
exposed individual and to add a degree of 
conservatism 

– Supported by existing references at the time 

 

510i admD Q DCF
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Internal Intakes from Released 

Patients – Household data 

• Follows no obvious pattern from the limited data 
found in the literature. 

• Contamination left by I-131 patients does not 
strictly scale with administered dose 

– Personal habits are of great impact 

• North, HP 104, 434-436 (2013) 

– Households of Thyroid Cancer Patients 

• 43 people, 7 dogs  

– Only 3 people had positive thyroid burdens  

• Approximate transmission ranged from 6(10-6) to 2(10-5) 
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Contamination of Commode – Hershey 

Medical Center 
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Hotel Housekeeper Internal Dose 

Estimate Scenario 

• Typical time to clean a room is about 30 minutes 

– Light activity breathing rate, 1.5 m3/hr 

• Pathways considered 

– Inhaling air concentration due to exhalation, etc. 
release from the patient and bedsheets in the room 

• Patient leaves the room so the housekeeper can clean 

• Patient Remains in the Room 

– Puff release from removing bedding 

– Dermal absorption due to contact with the toilet seat 
(forearm) 

 

 



43 

Hotel Room Parameters/Assumptions  

• 300 ft2 room floor space (typical 300-400 ft2) 

– 8 ft ceilings, room volume = 68 m3 

• Minimum Air changes = 4 hr-1 

– The Engineering Toolbox 

– Could be much higher 

• Toilet Seat – treated by concentric ellipses 

– Major ellipses 

• IR – 14.25 inches, OR = 16 inches 

– Minor ellipses 

• IR = 8.25 inches, OR = 9.825 inches 
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Air contamination rate 

 

• Routes to air  

– Nishizawa et al. HP 38, 467-481(1980) 

– Exhalation 

– Perspiration/Evaporation from contaminated patients 
and their material 

• 1.8% evaporation rate 

– Maximum air contamination rate varied from 1.4(10-5) 
to 1.2(10-7) per hr of the administered dose 

• Need an effective half life 

– Low end – 0.57 days 

– High end – 3.86 days 

– Grundel et al. RPD 129, 435-438(2008) 
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Airborne Inhalation in Room 

• Exhalation from patient 

– Based on data available in the literature 

– The exhalation rate is estimated to be about 1.4(10-5) per hour of the 
activity remaining in the patient’s body (max rate from Nishizawa et 
al.) 

– The exhalation rate was used to calculate the airborne concentration 
in the room 

• Resuspension from change of bedding (two sheets and 
coverlet) 

– Based on data available in the literature about 8.3(10-4) of the activity 
in the patient ends up in the bedding 

– Assume that 10-5 of the bedding contamination becomes airborne as 
a puff which is inhaled by the housekeeper 
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Bathroom Effective Dose to 

Housekeeper Scenario: Dermal Intake 

• Assumptions 

– Contamination is 100% removable 

– Harrison in HP 9, 993-1000 (1963) 

• Absorption of aqueous I-131 was 0.008% per cm2 of 
contact per hour 

– Toilet contact area with forearm = 77 cm2 

– Housekeeper washes any remaining activity 
off 4 hours after contact is made 
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Contaminated Surfaces and Skin 

Absorption 

• Skin contamination comes exclusively from contact with the 
toilet seat. 

• Removable toilet rim maximum contamination level of 911 
Bq/cm2 and a mean value of 193 Bq/cm2 were derived from 
a study of in 50 patients in a Hershey Medical Center study 
(2001). 

– There is no obvious correlation of surface contamination levels with 
administered dose. 

– There are large variations in the contamination levels for the patients. 

– Personal habits apparently influence contamination levels much more than 
administered dose. 

• Using the maximum value, 23 Bq would be absorbed 
through the skin on of the housekeeper. 
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Dose to Hotel Housekeeper (Maximum 

Toilet Contamination Level) 

Pathway Dose (Sv) 

Breathing  

Contaminated Air 

Cancer patient 

Hyperthyroidism 

0.7 

0.3 

Bedding Puff 

Release 

Cancer patient 

Hyperthyroidism 

0.5 

0.1 

Skin Absorption Either 0.3 

Total High Estimate 
Cancer patient 

Hyperthyroidism 

1.5 

0.7  
 

Cancer Patient Administration – 7 GBq 
Hyperthyroidism Administration – 1.1 GBq 
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Thank You For Your Attention 
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Questions? 


