




K. Paul Steinmeyer 
Consulting Health Physicist 

30 Basket Shop Road 
Columbia, CT 06237 

 

 

kpstein@radpro.com 860-428-3088 

May 9, 2014 

 

Timothy Brandon      tbrandon@irsc-inc.com 

Mb-Microtec USA, Inc.     508.577.7427 

1093 Ridge Road 

Windsor, ME 04363 

 

 

Dear Tim, 

 

This is in response to your request for a dose assessment of the GTLS-illuminated (traserH3) 

wrist watches manufactured and distributed by Mb-Microtec. Reference Docket No. 030-30433, 

Mail Control No. 581716, License No. 31-23712-01E. This report addresses the T-27 model. 

 

 

NRC’s Request 

Citing 10 CFR 32.22(a)(2)(xiii), NRC requires the estimate of external doses and dose 

commitments relevant to the safety criteria in 32.23 and the basis for such estimates. The specific 

information requested in paragraph 2 of NRC’s letter dated April 15, 2014 (Rodriguez-Luccioni 

to Brandon) is listed below. 

 

“2. February 14, 2014, you provided a risk assessment of traser H3 watches over their life 

cycle dated December 20, 2008. The risk assessment you provided is missing required 

information, such as: 

a. External dose calculation for distribution workers and members of the public who 

might be exposed during product distribution. 

b. (i) External dose calculation of routine use of wristwatches. (ii) Exposure to airborne 

releases of H-3 from the wristwatches and (iii) exposure to skin contact. 

c. External dose calculation during watch repair. 

d. External dose calculation during (i) an accident or (ii) misuse of wristwatch.” 

 

 

Mb-Microtec Information 

The Mb-Microtec Traser T-27 watches contain a maximum of 27 mCi (1GBq) of tritium in the 

form of gaseous tritium light sources (GTLS). Since the basis for all the dose calculations in 

NUREG 1717 for watches with 
3
H gas contained in glass tubes is 25 mCi per watch, the doses 

calculated in the NUREG would need to be increased by a factor of  
      

       
 = 1.08. However the 

NUREG (paragraph 2.3.4.2.1) also states in part “For timepieces containing 25 mCi of 
3
H gas, 

the above dose estimates would change (decrease) by a factor of 0.12 because of the lower leak 

rate.” Using proportionality to adjust 25 mCi to 27 mCi, we calculate a factor of 
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; x = 0.95. This allows us to further adjust the doses by multiplying them by 

0.95. Combining these two adjustment factors gives us 
      

       
            . Rounding the 

answer to 2 significant figures (since each term in the equation has only 2 significant figures), 

the answer is 1.0. Since the resulting factor is 1.0 (using the universally accepted rules for 

multiplication, rounding and significant figures), no adjustment needs to be made to the NUREG 

dose estimates. The minor differences are offsetting. 

 

 

Methodology for This Analysis 

All NUREG 1717 methods and assumptions regarding leak rates, ventilation rates, breathing 

rates, etc. are accepted for purposes of this evaluation. 

 

 

Responses 
 

Item 2. a.  External dose calculation for distribution workers and members of the 

public who might be exposed during product distribution. 

 

I. External Radiation Dose 

 

A. Particle Radiation 

Tritium decays to stable Helium-3 (
3
He) by emitting a negative beta particle (electron). No direct 

photon (gamma) radiation occurs during this transformation. The Emax energy of this beta particle 

is 0.0186 MeV (18.6 keV) and the Eav energy is 0.005685 MeV (5.69 keV)
1
. The yield of this 

transformation is 1.0. 

 
Figure 1.  Beta particle range-energy curve showing threshold energies for shallow (7 mg/cm2), lens or 
eye (300 mg/cm2) and deep (1000 mg/cm2) dose equivalents. 

 

                                                 
1
 Kocher, David C. “Radioactive Decay Data Tables.” U.S. Department of Energy, DOE/TIC-11026. 
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Inspection of the Beta Particle Range-Energy Curve from the Health Physics and Radiological 

Health Handbook
2
 shows that a 

3
H beta particle, even at the maximum particle energy (with a 

yield approaching zero) will not penetrate a density-thickness of 7 mg/cm
2
 (the nominal density-

thickness of the upper layer of the epidermis (the stratum corneum or dead skin cell layer). 

Therefore, as an external hazard, there would be no shallow dose (SDE), no eye (lens) dose 

(LDE) and no deep dose (DDE) delivered to any person from the 
3
H particle emissions.  

 

B. Photon Radiation 

Bremsstrahlung photon emissions from an intact device will be negligible. This is confirmed in 

NUREG-1717
3
 on page A.4-10, Table A.4.2 footnote b, which states that for 

3
H the “Dose due to 

bremsstrahlung is assumed to be zero (0), because the energies of the bremsstrahlung photons 

are very low and pathways of internal exposure also are assumed to occur.” Additional 

justification is provided in NUREG-1717 section 2.13.4.1.3. 

 

Conclusion 

External radiation dose from 
3
H to all exposed individuals and groups is zero.  

 

 

II. Effective Dose Equivalent (EDE) 

According to Table 2.3.2 in NUREG 1717, and using the NURG assumptions and models, of the 

11 categories of persons likely to be exposed during distribution of these timepieces (various 

truck drivers, catalog center workers and customers) the individual effective annual dose 

equivalents range from 0.08 mrem to 9 mrem (to the driver of a large, regional delivery truck).  

 

The calculated dose to a member of the public (customer) from the distribution of these items, 

from the same table (Table 2.3.2 in NUREG), is 0.01 mrem.  

 

 

Item 2. b (i).  External dose calculations of routine use of wristwatches. 

I. External Radiation Dose 

This was addressed on pp. 2-3 above. 
 

II. Effective Dose Equivalent (EDE) 

NUREG 1717 states in paragraph 2.3.3.1 (second bullet) “Levels of external radiation from 
3
H in 

timepieces would be negligible, because the maximum range of beta particles emitted in 
3
H 

decay is much less than the thickness of a watch crystal or the insensitive layer of the skin and 

most of the low-energy bremsstrahlung produced by the stopping of beta particles within the 

                                                 
2
 After Schleien, Bernard “The Health Physics and Radiological Health Handbook,” Revised Edition, copyright 

1992, p. 184. 
3
 U.S. Nuclear Regulatory Commission. “Systematic Radiological Assessment of Exemptions for Source and 

Byproduct Materials.” NUREG-1717. Washington, D.C., June 2001. 
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watch case or paint would be absorbed in that medium.”  Therefore the external dose to a routine 

user of these wristwatches could be expected to be zero mrem per year. 

 

 

Item 2. b (ii) Exposure to airborne releases of H-3 from the routine use of 

wristwatches  

I. External Radiation Dose 

This was addressed on pp. 2-3 above. 

 

II. Effective Dose Equivalent (EDE) 

NUREG 1717 proposes two (2) scenarios for estimating airborne tritium exposures from watches 

during normal use of these devices. These are found in paragraph 2.3.4.2.2, Scenarios I and III. 

(Scenarios II and IV apply to clocks.)  

Under the assumed set of conditions, Scenario I results in an annual effective dose equivalent 

(EDE) of approximately 0.002 mrem. 

Under the assumed set of conditions, Scenario III results in an annual effective dose equivalent 

(EDE) of approximately 0.01 mrem. 

These would be assumed doses to the wearer and to his family members (Scenario I) and co-

workers (Scenario III). 

 

 

Item 2. b. (iii) exposure due to skin contact during routine use. 

I. External Radiation Dose 

This was addressed on pp. 2-3 above. 

 

II. Effective Dose Equivalent (EDE) 

Based on the methodology and assumptions postulated in NUREG 1717, paragraph 2.3.4.2.1, the 

annual dose equivalent to skin is estimated to be 200 mrem when averaged over an area of 10 

cm
2
 in contact with the wristwatch. 

The skin dose due to the distributed wristwatch source of 
3
H makes a negligible contribution to 

the annual EDE. 

The total annual EDE to a wearer from skin absorption of 
3
H in contact with the case of a 

3
H-

containing watch is estimated to be 0.04 mrem with half being from absorption of 
3
H through the 

skin in contact with the watch and the other half from airborne releases of 
3
H at work and home. 

The individual dose to coworkers and other family members is significantly less, so it meets the 

criterion.  
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The above dose estimates apply to an individual who wears a wristwatch 16 hours per day for 

365 days per year. 

 

 

Item 2.c. External dose calculation during watch repair. 

I. External Radiation Dose 

This was addressed on pp. 2-3 above. 

 

II. Effective Dose Equivalent (EDE) 

Based on the methodology and assumptions postulated in NUREG 1717, paragraph 2.3.4.3, the 

EDE to the repairman from all exposure pathways could be 0.005 mrem, and the dose equivalent 

to the skin could be less than <0.001 mrem when averaged over an area of 3 cm
2
 in contact with 

the timepieces. 

 

 

 

Item 2. d. Dose calculation during (i) an accident or (ii) misuse of a wristwatch. 
I. External Radiation Dose 

This was addressed on pp. 2-3 above. 

 

II. Effective Dose Equivalent (EDE) 

NUREG 1717 addresses accidents and misuse of these watches in paragraph 2.3.4.5, the second 

paragraph of which addresses accidents involving timepieces containing 
3
H in glass tubes (i.e., 

GTLSs). 

 

(i) Accidents 

In the case of accidents for timepieces containing 
3
H in glass tubes, the following three 

scenarios were considered:  

(1) A catastrophic release from crushing of a single watch in a repair shop,  

 

(2) An accident involving the crushing of a single watch in a home, and  

 

(3) A shipping accident in a storeroom or cargo-handling area involving the 

crushing of a shipment of 200 watches.  

 

The 
3
H contained in the watches is assumed to be 99% HT and 1% HTO.  

 

 

Based on the stated assumptions and the generic accident methodology in Appendix A.1, 

the potential radiation doses from the crushing of self-luminous watches containing 
3
H 

can be summarized as follows: 
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(1) For a watch repairman, the individual EDE from crushing a single watch 

containing 25 mCi of 
3
H could be 2 mrem at a small repair shop or 0.8 mrem 

at a large repair shop. 

(2) For a person at home, the individual EDE from crushing a single watch 

containing 25 mCi of 
3
H could be 0.05 mrem. 

(3) For a worker in a storeroom or cargo-handling area, the individual EDE from 

crushing 200 watches containing a total of 5 Ci of 
3
H could be 5 mrem. 

(ii) Misuse 

In the case of misuse, this analysis considers the exposure to a 5-year-old child who plays 

with a self-luminous watch as a “glow-in-the-dark” toy at night while going to sleep 

during one year. 

 

It is assumed that  

(1) The watch is a 10-year-old watch containing 15 mCi of 
3
H,  

(2) The child handles the watch for 10 min/day,  

(3) The child absorbs 2% of the 
3
H released from the watch through a skin area of 

10 cm
2
 while handling the watch, and  

(4) The child sleeps in a closed bedroom with the watch for 12 h/day.  

 

It is further assumed that  

(1) The bedroom has an enclosed volume of 27 m
3
 and a ventilation rate of 1 air 

change per hour (see Appendix A.1),  

(2) The child’s breathing rate is 0.24 m
3
/h while sleeping (ICRP 66),  

(3) The dose conversion factors for inhalation and ingestion
6
 are about twice those 

for an adult (ICRP 67; ICRP 71), and  

(4) The total surface area of the child's skin is approximately 0.8 m
2
 (ICRP 23).  

 

Based on these assumptions, the potential radiation doses to the 5-year-old child can be 

summarized as follows: 

(1) The dose equivalent to the skin of the 5-year-old child due to absorption of 
3
H 

from the watch could be 0.1 mrem over a skin area of 10 cm
2
 in contact with the 

watch. 

(2) The EDEs would be less than <0.001 mrem due to absorption of 
3
H through the 

skin in contact with the watch and 0.001 mrem, due to airborne releases of 
3
H 

from the watch. 
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Comparison of Calculated Doses to Limits in § 32.24 

An applicant for a license under 10 CFR 32.22 shall demonstrate that the product is designed and 

will be manufactured so that the doses listed in columns 1 and 2 in the table in §32.24 will not be 

exceeded.  

 

§ 32.24 Same: Table of organ doses. 

Part of body 

(a) 

Column 1 

(rem) 

(b) 

Column II 

(rem) 

Column 

III (rem) 

Column 

IV (rem) 

Whole body; head and trunk; active 

blood-forming organs; gonads; or lens 

of eye 

0.001 
{1 mrem} 

0.01 
{10 mrem} 

0.5 15 

Hands and forearms; feet and ankles; 

localized areas of skin averaged over 

areas no larger than 1 square 

centimeter 

0.015 
{15mrem} 

0.15 
{15 mrem} 

7.5 200 

Other organs 
0.003 

{3 mrem} 
0.03 

{30 mrem} 
1.5 50 

[34 FR 9329, June 13, 1969] 

Table notes: 

(a) In normal use and disposal of a single exempt unit, it is unlikely that the external radiation dose in any one 

year, or the dose commitment resulting from the intake of radioactive material in any one year, to a suitable 

sample of the group of individuals expected to be most highly exposed to radiation or radioactive material from 

the product will exceed the dose to the appropriate organ as specified in Column I. 

(b) In normal handling and storage of the quantities of exempt units likely to accumulate in one location during 

marketing, distribution, installation, and servicing of the product, it is unlikely that the external radiation dose in 

any one year, or the dose commitment resulting from the intake of radioactive material in any one year, to a 

suitable sample of the group of individuals expected to be most highly exposed to radiation or radioactive 

material from the product will exceed the dose to the appropriate organ as specified in Column II. 
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SUMMARY AND CONCLUSIONS 
 

The whole body dose (EDE) calculations shown above, based entirely on NUREG 1717 

assumptions and methods, with consideration given to adjusting for actual maximum 
3
H activity 

in each watch, show that in normal handling and storage of either a single device or of multiple 

devices, it is unlikely that the external radiation dose in any 1 year, or the dose commitment 

resulting from the intake of radioactive material in any 1 year, will exceed, for a given 

individual, the doses specified in either Column I or Column II, respectively, of the table in 10 

CFR 32.24. 

 

Please contact me if there are any questions on this report. 

 

Sincerely, 

 

K. Paul Steinmeyer, RRPT 

Senior Health Physicist 



K. Paul Steinmeyer 
Consulting Health Physicist 

30 Basket Shop Road 
Columbia, CT 06237 
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May 12, 2014 

 

Timothy Brandon      tbrandon@irsc-inc.com 

Mb-Microtec USA, Inc.     508.577.7427 

1093 Ridge Road 

Windsor, ME 04363 

 

 

Dear Tim, 

 

This is in response to your request for a dose assessment of the GTLS-illuminated (traserH3) 

wrist watches manufactured and distributed by Mb-Microtec. Reference Docket No. 030-30433, 

Mail Control No. 581716, License No. 31-23712-01E. This report addresses the Traser T-100 

model. 

 

 

NRC’s Request 

Citing 10 CFR 32.22(a)(2)(xiii), NRC requires the estimate of external doses and dose 

commitments relevant to the safety criteria in 32.23 and the basis for such estimates. The specific 

information requested in paragraph 2 of NRC’s letter dated April 15, 2014 (Rodriguez-Luccioni 

to Brandon) is listed below. 

 

“2. February 14, 2014, you provided a risk assessment of Traser H3 watches over their life 

cycle dated December 20, 2008. The risk assessment you provided is missing required 

information, such as: 

a. External dose calculation for distribution workers and members of the public who 

might be exposed during product distribution. 

b. (i) External dose calculation of routine use of wristwatches. (ii) Exposure to airborne 

releases of H-3 from the wristwatches and (iii) exposure to skin contact. 

c. External dose calculation during watch repair. 

d. External dose calculation during (i) an accident or (ii) misuse of wristwatch.” 

 

 

Mb-Microtec Information 

The Mb-Microtec Traser T-100 watches contain a maximum of 100 mCi (3.7 GBq) of tritium in 

the form of gaseous tritium light sources (GTLS).  

 

 

Methodology for This Analysis 

Since the basis for all the dose calculations in NUREG 1717 for watches with 
3
H gas contained 

in glass tubes is 25 mCi per watch, the doses calculated in the NUREG would first need to be 

increased by a factor of  
       

       
 = 4.0.  
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Secondly, NUREG 1717, section 2.3.4, third paragraph states: “Also considered are timepieces 

containing 930 MBq (25 mCi) of 
3
H gas contained in glass tubes. The typical 

3
H release rate for 

these timepieces is less than 9.2 Bq/h (<0.25 nCi/h), which corresponds to a release rate of less 

than 10 ppb/h, adapted from McDowell-Boyer and O’Donnell (NUREG/CR–0215). Even though 

the activity is higher [930 MBq (25 mCi) versus 74 MBq (2 mCi)], the hypothetical doses from 

timepieces containing 
3
H in glass tubes will be less than those for 

3
H in paint due to the assumed 

lower release rate (10 ppb/h versus 1 – 3 ppm/h).”  This indicates that calculated doses can be 

reduced by a factor of 
     

      
          

 

Based on this information and considering the present case of a T-100 watch containing 100 mCi 

in the form of GTLSs, the doses presented in NUREG 1717 due to timepieces containing 
3
H in 

paint (e.g., Table 2.3.2) could first be multiplied by 4 to adjust from an assumed activity of 

25 mCi to the 100 mCi per watch in the present case
1
, and then be reduced by at least 0.0003 

based on the much lower release rate stated above. These factors will be applied to the dose 

calculations below. 

 

 

With a few exceptions (described above) the NUREG 1717 methods and assumptions regarding 

leak rates, ventilation rates, breathing rates, etc. are accepted for purposes of this evaluation.  

 

 

Responses 
 

Item 2. a.  External dose calculation for distribution workers and members of the 

public who might be exposed during product distribution. 

 

I. External Radiation Dose 

 

A. Particle Radiation 

Tritium decays to stable Helium-3 (
3
He) by emitting a negative beta particle (electron). No direct 

photon (gamma) radiation occurs during this transformation. The Emax energy of this beta particle 

is 0.0186 MeV (18.6 keV) and the Eav energy is 0.005685 MeV (5.69 keV)
2
. The yield of this 

transformation is 1.0. 

                                                 
1
 NUREG 1717, section 2.3.4, first paragraph states, “The results obtained for timepieces containing 74 MBq 

(2 mCi) of 
3
H can be scaled linearly to reflect the potential consequences of distributing timepieces containing the 

exempt quantity of 
3
H, 930 MBq (25 mCi).” 

2
 Kocher, David C. “Radioactive Decay Data Tables.” U.S. Department of Energy, DOE/TIC-11026. 



Mb-Microtec Traser T-100 Risk Assessment 

  3 
 

kpstein@radpro.com 860-428-3088 

    

 
Figure 1.  Beta particle range-energy curve showing threshold energies for shallow (7 mg/cm2), lens or 
eye (300 mg/cm2) and deep (1000 mg/cm2) dose equivalents. 

 

Inspection of the Beta Particle Range-Energy Curve from the Health Physics and Radiological 

Health Handbook
3
 shows that a 

3
H beta particle, even at the maximum particle energy (with a 

yield approaching zero) will not penetrate a density-thickness of 7 mg/cm
2
 (the nominal density-

thickness of the upper layer of the epidermis (the stratum corneum or dead skin cell layer). 

Therefore, as an external hazard, there would be no shallow dose (SDE), no eye (lens) dose 

(LDE) and no deep dose (DDE) delivered to any person from the 
3
H particle emissions.  

 

B. Photon Radiation 

Bremsstrahlung photon emissions from an intact device will be negligible. This is confirmed in 

NUREG-1717
4
 on page A.4-10, Table A.4.2 footnote b, which states that for 

3
H the “Dose due to 

bremsstrahlung is assumed to be zero (0), because the energies of the bremsstrahlung photons 

are very low and pathways of internal exposure also are assumed to occur.” Additional 

justification is provided in NUREG-1717 section 2.13.4.1.3. 

 

Conclusion 

External radiation dose from 
3
H to all exposed individuals and groups is zero. This is regardless 

of the quantity of 
3
H present. 

 

 

II. Effective Dose Equivalent (EDE) 

Three doses estimated to individuals during distribution of these products present potential 

problems for the T-100 watches. These are rows 1, 3 and 5 on Table 2.3.3, p. 2-67 of NUREG 

1717. If simply multiplied by 4 these calculated doses would exceed the limits specified in 10 

CFR 32.24, column II, row 1. Table 2.3.2 has been restructured below to show the effect of 

applying both the factor of 4 and the factor of 0.0003 to the calculated doses. 

                                                 
3
 After Schleien, Bernard “The Health Physics and Radiological Health Handbook,” Revised Edition, copyright 

1992, p. 184. 
4
 U.S. Nuclear Regulatory Commission. “Systematic Radiological Assessment of Exemptions for Source and 

Byproduct Materials.” NUREG-1717. Washington, D.C., June 2001. 



Mb-Microtec Traser T-100 Risk Assessment 

  4 
 

kpstein@radpro.com 860-428-3088 

    

(Excerpts from and additions to) Table 2.3.2 Summary of Model and Potential Individual and 

Collective Effective Dose Equivalents for Distribution of Timepieces Containing 
3
H in Paint  

Step Representation 

Pieces per 

Facility 

Number 

of 

Facilities 

Individual 

Effective 

Annual Dose 

Equivalent 

(mrem) 

n
 

D
eleted

 

C
o
lu

m
n

 

Individual 

Effective Annual 

Dose Equivalent 

(mrem) 

Multiplied by 4 

and Multiplied by 

0.0003 

To parcel 
delivery 
center 

Express 
delivery, small 

truck 

1,000,000 10 4 

C
o

lu
m

n
 

0.005 

Deleted Row 

To regional 
truck center 

1 

Regional 
delivery, large 

truck 

800,000 10 9 

 

0.01 

Deleted Row 

To regional 
truck center 

2 

Regional 
delivery, large 

truck 

500,000 10 5 

 

0.006 

 

All other doses presented in Table 2.3.2, when multiplied by 4 to scale them in linear fashion 

from 25 mCi to 100 mCi, are still less than the 10 mrem specified in 10 CFR 32.24, column II, 

row 1. 

The calculated dose to a member of the public (customer) from the distribution of these items, 

from the same table (Table 2.3.2 in NUREG), is 0.01 mrem. To account for the increased activity 

in the T-100 watches by multiplying the calculated dose by 4 yields 0.04 mrem. There is no need 

to adjust the dose further by applying the factor of 0.0003. 

 

 

Item 2. b (i).  External dose calculations of routine use of wristwatches. 

I. External Radiation Dose 

This was addressed on pp. 2-3 above. 
 

II. Effective Dose Equivalent (EDE) 

NUREG 1717 states in paragraph 2.3.3.1 (second bullet) “Levels of external radiation from 
3
H in 

timepieces would be negligible, because the maximum range of beta particles emitted in 
3
H 

decay is much less than the thickness of a watch crystal or the insensitive layer of the skin and 

most of the low-energy bremsstrahlung produced by the stopping of beta particles within the 

watch case or paint would be absorbed in that medium.”  Therefore the external dose to a routine 

user of these wristwatches could be expected to be nearly zero mrem per year. 
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Item 2. b (ii) Exposure to airborne releases of H-3 from the routine use of 

wristwatches  

I. External Radiation Dose 

This was addressed on pp. 2-3 above. 

 

II. Effective Dose Equivalent (EDE) 

NUREG 1717 proposes two (2) scenarios for estimating airborne tritium exposures from watches 

during normal use of these devices. These are found in paragraph 2.3.4.2.2, Scenarios I and III. 

(Scenarios II and IV apply to clocks.) To account for the increased activity in the T-100 watches 

the calculated doses are multiplied by 4. There is no need to adjust the doses further by applying 

the factor of 0.0003. 

Under the assumed set of conditions, Scenario I results in an annual effective dose equivalent 

(EDE) of approximately 0.002 mrem × 4 = 0.008 mrem. 

Under the assumed set of conditions, Scenario III results in an annual effective dose equivalent 

(EDE) of approximately 0.01 mrem × 4 = 0.04 mrem. 

These would be assumed doses to the wearer and to his family members (Scenario I) and co-

workers (Scenario III). 

 

 

Item 2. b. (iii) exposure due to skin contact during routine use. 

I. External Radiation Dose 

This was addressed on pp. 2-3 above. 

 

II. Effective Dose Equivalent (EDE) 

Based on the methodology and assumptions postulated in NUREG 1717, paragraph 2.3.4.2.1, the 

annual dose equivalent to skin is estimated to be 200 mrem when averaged over an area of 10 

cm
2
 in contact with the wristwatch. To account for the increased activity in the T-100 watches, 

the 200 mrem per year dose is multiplied by 4 and by 0.0003. This yields 0.24 mrem annual dose 

to localized areas of the skin averaged over 10 cm
2
. If 0.24 mrem is multiplied by 10 to put it in 

terms of dose to 1 cm
2
 of skin, the final dose is 2.4 mrem. 

“The skin dose due to the distributed wristwatch source of 
3
H makes a negligible contribution to 

the annual EDE. 

“The total annual EDE to a wearer from skin absorption of 
3
H in contact with the case of a 

3
H-

containing watch is estimated to be 0.02 mrem.” This dose multiplied by 4 equals 0.08 mrem, so 

it meets the criterion.  
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Item 2.c. External dose calculation during watch repair. 

I. External Radiation Dose 

This was addressed on pp. 2-3 above. 

 

II. Effective Dose Equivalent (EDE) 

Based on the methodology and assumptions postulated in NUREG 1717, paragraph 2.3.4.3, “the 

EDE to the repairman from all exposure pathways could be 0.005 mrem, and the dose equivalent 

to the skin could be less than <0.001 mrem when averaged over an area of 3 cm
2
 in contact with 

the timepieces.” To account for the increased activity in the T-100 watches by multiplying the 

calculated doses by 4 yields 0.02 mrem and <0.004 mrem respectively. There is no need to adjust 

the dose further by applying the factor of 0.0003. Also, converting these doses into terms of the 

average dose to 1 cm
2
 of skin still yields a fraction of an mrem. 

 

 

Item 2. d. Dose calculation during (i) an accident or (ii) misuse of a wristwatch. 
I. External Radiation Dose 

This was addressed on pp. 2-3 above. 

 

II. Effective Dose Equivalent (EDE) 

NUREG 1717 addresses accidents and misuse of these watches in paragraph 2.3.4.5, the second 

paragraph of which addresses accidents involving timepieces containing 
3
H in glass tubes (i.e., 

GTLSs). 

 

(i) Accidents 

In the case of accidents for timepieces containing 
3
H in glass tubes, the following three 

scenarios were considered:  

(1) A catastrophic release from crushing of a single watch in a repair shop,  

 

(2) An accident involving the crushing of a single watch in a home, and  

 

(3) A shipping accident in a storeroom or cargo-handling area involving the 

crushing of a shipment of 200 watches.  

 

“The 
3
H contained in the watches is assumed to be 99% HT and 1% HTO.  

 

“Based on the stated assumptions and the generic accident methodology in Appendix 

A.1, the potential radiation doses from the crushing of self-luminous watches containing 
3
H can be summarized as follows: 

(1) “For a watch repairman, the individual EDE from crushing a single watch 

containing 25 mCi of 
3
H could be 2 mrem at a small repair shop or 0.8 mrem 

at a large repair shop.” To account for the increased activity in the T-100 
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watches by multiplying the calculated dose by 4 yields 8 mrem. There is no 

need to adjust the dose further by applying the factor of 0.0003. 

(2) “For a person at home, the individual EDE from crushing a single watch 

containing 25 mCi of 
3
H could be 0.05 mrem.” To account for the increased 

activity in the T-100 watches by multiplying the calculated dose by 4 yields 

0.2 mrem. There is no need to adjust the dose further by applying the factor of 

0.0003. 

(3) “For a worker in a storeroom or cargo-handling area, the individual EDE from 

crushing 200 watches containing a total of 5 Ci of 
3
H could be 5 mrem.” To 

account for the increased activity in the T-100 watches by multiplying the 

calculated dose by 4 yields 20 mrem. Then reducing the dose by 0.0003 based 

on the much lower release rate yields 0.006 mrem. 

 

(ii) Misuse 

“In the case of misuse, this analysis considers the exposure to a 5-year-old child who 

plays with a self-luminous watch as a “glow-in-the-dark” toy at night while going to 

sleep during one year. 

 

“It is assumed that  

(1) The watch is a 10-year-old watch containing 15 mCi of 
3
H,  

(2) The child handles the watch for 10 min/day,  

(3) The child absorbs 2% of the 
3
H released from the watch through a skin area of 

10 cm
2
 while handling the watch, and  

(4) The child sleeps in a closed bedroom with the watch for 12 h/day.  

 

“It is further assumed that  

(1) The bedroom has an enclosed volume of 27 m
3
 and a ventilation rate of 1 air 

change per hour (see Appendix A.1),  

(2) The child’s breathing rate is 0.24 m
3
/h while sleeping (ICRP 66),  

(3) The dose conversion factors for inhalation and ingestion
6
 are about twice those 

for an adult (ICRP 67; ICRP 71), and  

(4) The total surface area of the child's skin is approximately 0.8 m
2
 (ICRP 23).  

 

“Based on these assumptions, the potential radiation doses to the 5-year-old child can be 

summarized as follows: 

(1) “The dose equivalent to the skin of the 5-year-old child due to absorption of 
3
H 

from the watch could be 0.1 mrem over a skin area of 10 cm
2
 in contact with the 

watch.” To account for the increased activity in the T-100 watches by multiplying 

the calculated dose by 4 yields 0.4 mrem. There is no need to adjust the dose 

further by applying the factor of 0.0003. 

(2) “The EDEs would be less than <0.001 mrem due to absorption of 
3
H through the 

skin in contact with the watch and 0.001 mrem, due to airborne releases of 
3
H 

from the watch.” To account for the increased activity in the T-100 watches by 

multiplying the calculated dose by 4 yields <0.004 mrem. There is no need to 

adjust the dose further by applying the factor of 0.0003. 
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Comparison of Calculated Doses to Limits in § 32.24 

An applicant for a license under 10 CFR 32.22 shall demonstrate that the product is designed and 

will be manufactured so that the doses listed in columns 1 and 2 in the table in §32.24 will not be 

exceeded.  

 

§ 32.24 Same: Table of organ doses. 

Part of body 

(a) 

Column 1 

(rem) 

(b) 

Column II 

(rem) 

Column 

III (rem) 

Column 

IV (rem) 

Whole body; head and trunk; active 

blood-forming organs; gonads; or lens 

of eye 

0.001 
{1 mrem} 

0.01 
{10 mrem} 

0.5 15 

Hands and forearms; feet and ankles; 

localized areas of skin averaged over 

areas no larger than 1 square 

centimeter 

0.015 
{15mrem} 

0.15 
{150 mrem} 

7.5 200 

Other organs 
0.003 

{3 mrem} 
0.03 

{30 mrem} 
1.5 50 

[34 FR 9329, June 13, 1969] 

Table notes: 

(a) In normal use and disposal of a single exempt unit, it is unlikely that the external radiation dose in any one 

year, or the dose commitment resulting from the intake of radioactive material in any one year, to a suitable 

sample of the group of individuals expected to be most highly exposed to radiation or radioactive material from 

the product will exceed the dose to the appropriate organ as specified in Column I. 

(b) In normal handling and storage of the quantities of exempt units likely to accumulate in one location during 

marketing, distribution, installation, and servicing of the product, it is unlikely that the external radiation dose in 

any one year, or the dose commitment resulting from the intake of radioactive material in any one year, to a 

suitable sample of the group of individuals expected to be most highly exposed to radiation or radioactive 

material from the product will exceed the dose to the appropriate organ as specified in Column II. 
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SUMMARY AND CONCLUSIONS 
 

The whole body dose (EDE) calculations and skin dose calculations shown above, based on 

NUREG 1717 assumptions and methods, and adjusting calculated doses based on a 
3
H activity of 

100 mCi per watch and a greatly reduced leak rate from the GTLSs, show that in normal 

handling and storage of either a single device or of multiple devices, it is unlikely that the 

external radiation dose in any 1 year, or the dose commitment resulting from the intake of 

radioactive material in any 1 year, will exceed, for a given individual, the doses specified in 

either Column I or Column II, respectively, of the table in 10 CFR 32.24. 

 

Please contact me if there are any questions on this report. 

 

Sincerely, 

 

K. Paul Steinmeyer, RRPT 

Senior Health Physicist 



United States Nuclear Regulatory Commission
Office of Public Affairs
Washington, DC 20555

Phone 301-415-8200 Fax 301-415-2234
Internet:opa@nrc.gov

No. 98-88 FOR IMMEDIATE RELEASE
(Thursday, June 11, 1998)

NRC AMENDS REGULATIONS GOVERNING TIMEPIECES CONTAINING TRITIUM

The Nuclear Regulatory Commission is amending its regulations to simplify the
licensing process for timepieces containing tritium. The amended regulations will
permit timepieces containing Gaseous Tritium Light Sources (GTLS) to be licensed
under the same regulatory requirements as timepieces containing tritium paint.

The amendments are in response to a petition for rulemaking submitted by mb-
microtec, Inc. of North Tonawanda, New York.

Tritium, a radioactive material, interacts with various radioluminescent materials
incorporated in hands, numbers or other parts of timepieces to make the dials and
hands visible in the dark. The tritium may be either in the form of a gas contained in
tiny sealed tubes -- or in a luminescent paint. The amendments will not change the
level of radiation protection provided to users and wearers of tritium-illuminated
timepieces. In fact, the dose to the public from timepieces using GTLS is expected to
be less than that from timepieces using the same quantity of tritium as paint, because
the tritium leak rate from sealed glass tubes is significantly lower than from paint.

Under existing regulations, timepieces containing tritium paint may be licensed
under a section of the regulations that contains specific prototype testing requirements.
License applicants able to meet these prototype tests and whose products do not
exceed the quantity limits per timepiece are able to meet the NRC licensing
requirements. Some of these prototype tests, however, are not suitable for testing
GTLS timepieces, so that applicants for a license to manufacture timepieces containing
gaseous tritium cannot apply under this section of the NRC regulations. They must now
apply for a license under a separate section of the regulations that requires submittal of
much additional information, such as detailed drawings, dimensions, and materials of
construction for each model or series.

The revised regulations remove the specific requirements for prototype testing
from the regulations but do not change the intent of the existing product performance
standard. Specific tests applicable to timepieces containing either tritium paint or
gaseous tritium light sources will be incorporated in an NRC document for license
applications for distribution of such products. The document, “Standard Review Plan
for Applications for Licenses to Distribute Byproduct Material to Persons Exempt from
the Requirements for an NRC License,” (NUREG-1562) will be issued for use by the



effective date of the rule. The effective date will be 60 days after publication of a
Federal Register notice on this subject, expected shortly.

This amendment simplifies the licensing process for timepieces containing
GTLS, facilitates the use of a new technology in self-illuminated timepieces, and results
in significant savings to licensees and to the NRC.

###


	Cover letter
	T27 model Asssessment
	T-100 model Asssessment
	Amends Regulations

