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mb-microtec 
self activated illumination 
	  
	   	   	   	   	   	   	   	   September	  19,	  2014	  
Hector	  Rodriguez-‐Luccioni	  
Licensing	  Branch	  
Division	  of	  Materials	  Safety	  and	  State	  Agreements	  
Office	  of	  Federal	  and	  State	  Materials	  
	  	  and	  Environmental	  Management	  Programs	  
United	  States	  Nuclear	  Regulatory	  Commission	  
Washington,	  DC	  	  20555-‐0001	  
	  
RE:	  	  Docket	  No.	  030-‐30433	  
	  
Dear	  Mr.	  Rodriguez-‐Luccioni,	  
	  
In	  regard	  to	  the	  renewal	  for	  mb	  microtec’s	  distribution	  license	  and	  device	  registration,	  
please	  be	  assured	  that	  mb	  microtec	  is	  dedicated	  to	  providing	  the	  most	  complete	  and	  
compliant	  response	  to	  your	  request.	  	  The	  information	  below	  is	  provided	  with	  the	  sincerest	  
intent	  of	  ensuring	  the	  NRC,	  that	  the	  watches	  are	  safe	  for	  use	  by	  the	  public.	  	  mb	  microtec	  
appreciates	  your	  consideration	  in	  this	  matter	  
	  
In	  response	  to	  your	  request	  for	  additional	  information	  dated	  August	  7,	  2014,	  mb	  microtec	  
provides	  the	  following	  responses:	  
	  
A	  response	  to	  your	  questions	  1.a-‐f	  is	  provided	  in	  the	  attached	  report	  from	  K.	  Paul	  
Steinmeyer	  to	  mb	  microtec	  dated	  September	  5,	  2014.	  
	  
In	  response	  to	  question	  2:	  
	  
(NRC)	  

	  
(mbm)	  Response:	  	  	  
mb	  microtec	  provided	  the	  calculation	  of	  “Measured	  –	  background	  =	  0”	  as	  theoretical	  values,	  
because	  it	  is	  impractical	  to	  measure	  tritium	  with	  radiation	  detection	  equipment.	  	  





K. Paul Steinmeyer 
Consulting Health Physicist 

30 Basket Shop Road 

Columbia, CT 06237 

 
 

September 5, 2014 

 

Timothy Brandon      tbrandon@irsc-inc.com 

Mb-Microtec USA, Inc.     508.577.7427 

1093 Ridge Road 

Windsor, ME 04363 

 

Dear Tim, 

 

In a letter dated August 7, 2014, Mail Control No. 581716, the NRC requested additional 

information for the dose calculations for mb-microtec T-100 wristwatches that were contained in 

my letter to you dated June 25, 2014. That additional information is provided below. 

 

 
 

 

NRC Question 1. a. 
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Response. The ratio was used incorrectly. Please substitute the wording and 

calculations below. 

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

who might be exposed during product distribution. 

The worst-credible-case scenario for distribution workers is identified in the last paragraph of 

NUREG 1717 section 2.3.4.1, last paragraph, which says “The highest calculated individual 

EDE was approximately 0.09 mSv (9 mrem) to the drivers of large regional delivery trucks that 

deliver timepieces from the parcel delivery center to truck terminal 1.” This involves the 

transport of 800,000 timepieces annually. The last paragraph of section 2.3.4 states that the leak 

rate from timepieces containing 
3
H in glass tubes is “less than 0.25 nCi/h” (<2.5E-4µCi/h). This 

is based on each wristwatch containing 25 mCi of 
3
H.  

 

Given: 

Exposure time = 5 h/trip; 

No structural barrier between driver and cargo (i.e., no shielding); 

Volume of a small delivery truck = 7.1E+6 cm
3
; 

Air exchange rate = 5 ach/h 

Distance from driver to center of cargo = 180 cm. 

Leak rate = 2.4E-4µCi/h from 1 watch 

Number of wristwatches = 800,000 per year 

 

 Calculate Dose to Most-Highly Exposed Distribution Worker 

Following the steps in A.3.3, we get: 

 DF (Dose Factor) for the driver of a small regional delivery truck = 1.2E-11 

rem/µCi shipped; 

 800,000 watches/y x 100 mCi/watch x 1000 µCi/mCi = 8E+10 µCi/y transported 

in this way; 

 Footnote 19 on p. A.3-3 states “An additional step is required for 
3
H. If the 

assumed leak rate differs from 1 Pm/h, the DFs for 
3
H should be multiplied by 

the assumed leak rate, which must be expressed in units of Pm
1
/h.” The 

assumed leak rate from tritium in glass tubes within a watch is 10 ppb/h
2
 or 0.01 

ppm/h. Note that when the instructions are followed, the leak rate units will not 

cancel out of the equation. Therefore, it has been inserted into the equation as a 

unit-less modifier. Also, 0.01 ppm/h = 0.25 nCi/h. 
3
 

 The calculation, then, is  

                                                           
1
 Pm/h is interpreted to be “ppm/h.” This was confirmed by J. Stewart Bland, one of the authors of NUREG 1717. 

2
 NUREG 1717, Section 2.3.4 paragraph 3. 

3
 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).” From NUREG 

1717, paragraph 2.3.4, page 2-53. 
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Finally, the assumption that one driver transports all timepieces shipped from one origin facility 

to a destination facility is very unlikely and is almost certainly overly conservative. Doses to 

truck drivers would be reduced in direct proportion to the number of drivers involved. 

 

 Calculate Dose to Most-Highly Exposed Member of the Public 

Following the steps in A.3.6, we get: 

Given: 

 The most highly exposed member of the public is a clerk at a small retail store. 

 Volume = 6.4E+8 cm
3
 = 640 m

3
; 

 Air exchange rate = 4 ach/h; 

 300 watches/y (section 2.3.4.1) 

 DF (Dose Factor) for a clerk in a small retail store = 6.7E-11 rem/µCi (table 

A.3.7); 

 Footnote 19 on p. A.3-3 states “An additional step is required for 
3
H. If the 

assumed leak rate differs from 1 Pm/h, the DFs for 
3
H should be multiplied by 

the assumed leak rate, which must be expressed in units of Pm/h
4
.” The 

assumed leak rate from tritium in glass tubes within a watch is 10 ppb/h
5
 or 0.01 

ppm/h. Note that when the instructions are followed, the leak rate units will not 

cancel out of the equation. Therefore, it has been inserted into the equation as a 

unit-less modifier. 
 

           

 
          

       

     
   

        

   
 = 

        

 
 

 

           

   
   

        

 
              

         
 

 

 

An annual dose of 9.6 mrem/y to a distribution worker is less than the 10 mrem/y mentioned in 10 CFR 

20.32.24, column II. 

An annual dose of 0.02 mrem/y to a member of the public is less than the 10 mrem/y mentioned in 10 

CFR 20.32.24, column II. 

 

                                                           
4
 Pm/h is interpreted to be “ppm/h.” This was confirmed by J. Stewart Bland, one of the authors of NUREG 1717. 

5
 NUREG 1717, Section 2.3.4 paragraph 3. 
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NRC Question 1. b. 

 

Response: Please replace the previously submitted calculation in its entirety with 

the calculation below. 

Question b. External dose calculation of routine use of wristwatches. Exposure to airborne 

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

Routine Use: Dose Due to Skin Contact 

Leak Rate 

NUREG 1717 (p. 2-201) uses dose calculations based on a watch that contains 50 mCi of 
3
H. 

Since the leak rate provided in NUREG 1717 is 0.008µCi/d for a 50 mCi watch, it is logical to 

assume that a 100 mCi watch would have twice the leak rate, i.e., 
        

 
     

        

 
. 

 

Intake 

         

 
                    

Where 0.02 is the fractional absorption of 
3
H released from the watch by the skin in contact with 

the case of the watch. (NUREG 1717, p. 2-201, 2
nd

 bullet) 

 

Annual Dose Equivalent 

          

 
   

     

  
  

               

   
   

 

      
           

 

The area of skin in contact with the wristwatch is assumed to be about 10 cm
2
.  

An annual dose of 78 mrem/y during routine use of a watch is greater than the 15 mrem/y 
mentioned in 10 CFR 20, §32.24, column II. See the justification below.  
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Annual Dose to Skin of Whole Body (ICRP 23) 

          
      

           
           

Where 1.8E+4 cm is the area of the skin of the whole body. 

An annual skin dose of 0.04 mrem/y to the skin of the whole body is less than the 3 mrem/y 

mentioned in 10 CFR 20 §32.24, column I, Other organs. 

 

Skin Dose Contribution to EDE 

                          

 

Where 0.01 is the organ weighting factor for skin of the whole body (ICRP 60). 

An additional annual dose of 4E-4 mrem in normal use does not significantly increase the EDE. 

 

Annual EDE 

The annual EDE to the internal organs of the body for the absorption of HTO through the skin in 

contact with the case of the watch is  

           

 
   

     

 
  

             

   
              

Where :  

 6.4E-2 mrem/µCi is the dose conversion factor for either absorption through the skin or 

ingestion of 
3
H; and  

 3.2E-4 mrem/d is the daily intake of 
3
H. 

 

An annual dose of 0.008 mrem/y to a distribution worker is less than the 10 mrem/y mentioned 

in 10 CFR 20 §32.24, column II. 

Summary 

The annual dose equivalent to a small area of skin is estimated to be 78 mrem over an area of 

10 cm2 in contact with the wristwatch. The skin dose due to the distributed wristwatch source 

of 3H makes a negligible contribution to the annual EDE, and the total annual EDE to a wearer 
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from skin absorption of 3H in contact with the case of a self-luminous watch is estimated to be 

0.008 mrem. 

 

NRC Question 1. c. 

 

Response: A calculational error was made in the annual intake equation. Also, 

an incorrect dose coefficient was used from Table 2.1.2.  Please replace the 

erroneous information with the information below. Also, delete the reference to 

the ALI. 
 

Routine Use: Dose Due to Inhalation/Ingestion 

NUREG 1717 (p. 2-202, Scenario I) proposes the following scenario to estimate the potential 

dose from airborne releases of 
3
H from self-luminous wristwatches. This scenario is based on a 

50 mCi wristwatch, as was the dose due to skin contact above, so the appropriate data in this 

scenario has been doubled.   

 A wearer spends 12 hours at home each day (4380 h/yr) and exposes three other family 

members to airborne releases of 
3
H from the wristwatch. This term is unaffected by te 

quantity of HTO the watch. 

 The home has an enclosed volume of 450 m
3
 and a ventilation rate of 1 volume change per 

hour. This term is unaffected by the quantity of HTO the watch. 

 The equilibrium concentration of HTO in the air of the home is approximately 1 pCi/m
3
. This 

concentration would logically be doubled to account for a 100-mCi watch as opposed to a 

50-mCi watch. The equilibrium concentration will be considered to be 2 pCi/m
3
. 

 The breathing rate of the individuals is 0.9 m
3
/h. This term is unaffected by the quantity of 

HTO the watch. 

 

Annual Intake 

           

Where  I = Intake (pCi) 

C = average airborne concentration (1 pCi/m
3
) 

 BR = breathing rate (0.9 m
3
/h) 

t = exposure time (4380 h/y) 
 

     

    
      

 
  

      

 
          = 0.008µCi 
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Where:  9.6E-2 mrem/h is the dose conversion factor for inhalation of 
3
H from Table 2.1.2. 

 

{Delete the section beginning “This can also be done using proportionality … .” } 

 

 

 

NRC Question 1. d. 

 

 

Response 

The NUREG 1717 method specifies that the volume of a residence can be 

considered to be 450 m
3
 (Table A.1.2). In the explanation of terms in the 

previously submitted calculation, 18 m
3
 (the Table-specified volume for a 

small watch repair shop) was erroneously listed. The correct volume for a 

residence is 450 m
3
. This is the volume used in the calculation, so the 

calculated airborne concentration (C) is correct as submitted. The corrected 

entry is shown below with the correction bolded. The calculated concentration 

is correct as previously submitted. 

 

 Calculate concentration. 

   
 

   
          

Where C = Airborne concentration 

 Q = Quantity released (µCi) at t = 0 (1E+5 µCi) 

 k = ventilation rate (hr
-1

) (1ach/h) 

 t = time (h) over which C is averaged (1 h) 

 V = volume of air (m
3
) into which material is released (450 m

3
)  
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NRC Question 1. e. 

 

d.3.  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. 

 

The basis for this scenario in NUREG 1717, Assumption (1) is that at t =10 y, the watch contains 

15 mCi (At). The original activity (Ao) would have been 26 mCi as shown in the calculation 

below. 

 

    
  

    
 

Where At = 15 mCi 

    
   

      
 = 0.056/y 

 t = 10 y 

 

    
      

 
  

     
 

       
  =  

      

    
           at t = 0 

 

However, the watch under consideration contains 100 mCi at t = 0, so the activity at t = 10 y is  

 

            . 

Where Ao = 100 mCi 

    
   

      
 = 0.056/y 

 t = 10 y 
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                          (at t = 10y). 
 

Therefore, Assumption (1) below is changed to 57 mCi of 
3
H. 

 

Assumptions:  

(1) The watch is a 10-year-old watch, now containing 57 mCi of 
3
H (when Ao = 100 mCi),  

(2) The child handles the watch for 10 min/day, (unchanged from NUREG 1717, section 

2.3.4.5, p. 2-60). 

(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, (unchanged from NUREG 1717, section 2.3.4.5, p. 2-60) and  

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

NUREG 1717, section 2.3.4.5, p. 2-60).  

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

hour (see Appendix A.1), (unchanged from NUREG 1717, section 2.3.4.5, p. 2-60) 

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

NUREG 1717, section 2.3.4.5, p. 2-60).  

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

adult (ICRP 67; ICRP 71), (unchanged from NUREG 1717, section 2.3.4.5, p. 2-60). 

(8) The total surface area of the child's skin is approximately 0.8 m
2
 (ICRP 23), (unchanged 

from NUREG 1717, section 2.3.4.5, p. 2-60). 

 and 

(9) Leak rate is assumed to be 10 ppb/h (0.01 ppm/h) (from Section 2.14.4, first paragraph). 

 

Misuse: Dose Due to Skin Contact 

 

Leak Rate 

The leak rate is obtained from NUREG 1717, paragraph 2.3.4, page 2-53. It is based on a watch 

containing 25 mCi is 0.25 nCi/h (2.5E-4 µCi/h)
7
. Since the watch under consideration has 4 

times the activity as the basis watch, logic tells us that the leak rate from the watch under 

consideration should be  

   
          

 
  

   

 
  

         

 
. 

 

  

                                                           
6
  The dose conversion factors for effective dose equivalent due to ingestion of 

3
H or absorption of 

3
H through the 

skin are the same numerically. 

7
 “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).” From NUREG 1717, paragraph 2.3.4, page 2-53. 
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Intake 

         

 
                    

Where 0.02 is the fractional absorption of 
3
H released from the watch by the skin in contact with 

the case of the watch. 

 

Annual Dose Equivalent 

         

 
   

     

  
  

               

   
   

 

      
            to 10 cm

2
 of skin 

Where: 

 The area of skin in contact with the wristwatch is assumed to be about 10 cm
2
; and  

 The dose conversion factor is twice that given for adults (6.7E+3 mrem-cm
2
/µCi) x (2) = 

1.3E+4 mrem-cm
2
/µCi. 

 

This is an event with a low probability of occurrence and the dose is less than the 500 mrem 

stated in 10 CFR §32.24, Column III. 

 

Annual Dose to Skin of Whole Body (ICRP 23) 

           
      

        
          

Where 8000 cm
2
 is the area of the skin of the child’s whole body. 

 

Skin Dose Contribution to EDE 

                          

Where 0.01 is the organ weighting factor for skin of the whole body (ICRP 60). 

 

Annual EDE 

The annual EDE to the internal organs of the body for the absorption of HTO through the skin in 

contact with the case of the watch is  
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Where:              is the leak rate; and 

6.4E-2 mrem/µCi is the dose conversion factor for either absorption through the 

skin or ingestion of 
3
H. 

This is an event with a negligible probability of occurrence and the other related doses are all 

less than the 15,000 mrem stated in 10 CFR §32.24, Column IV. 

 

NRC Question 1. f. 

 

We believe that all doses resulting from calculations above and previously submitted (except for 

one) meet the criteria stated in 10 CFR 32.23 and 32.24. The one exception is the dose calculated 

for “Routine Use: Dose Due to Skin Contact.” Using the NUREG 1717 method for determining 

dose to the skin of the wearer of the watch under consideration, the calculated annual dose is 

80 mrem.  This exceeds the guideline value for dose to a localized area of skin stated in § 32.24 

(15 mrem). We believe, however, that we can justify this elevated calculated dose and still obtain 

approval for exempt distribution.  

1. NUREG 1717 Section 2.14.4.2.1 admits that “The dosimetry for tritium uptake from watches 

is not well established.”  

2. That same section continues, “As acknowledged in their study [Johnson and Dunford 

(1984)], much uncertainty surrounds the modeling and assumptions for the dosimetry for 

skin uptake of tritium, and at best these dose factors provide a crude estimate for 

approximating potential dose significance.”  

3. NUREG 1717 used the maximum skin dose factor of 1.8×10
-3

 mSv-cm
2
/Bq (6.7×10

3
 mrem-

cm
2
/µCi), rather than the dose “to a suitable sample of the group of individuals expected to 

be most highly exposed to radiation or radioactive material from the product” specified in 10 

CFR 32.23(a). 

4. This section of NUREG 1717 goes on to say that “This factor (the skin dose factor) provides 

what is believed to be an upper bound assessment, based on the limited data.” 

5. Finally, this section concludes that, “It should be recognized that a more probable dose could 

be an order of magnitude (or more) lower.” This would bring the calculated dose to 

8 mrem/y.  

6. NUREG 1717 Section 2.14.4.6 states (in part) “It is important to note that the skin dose from 

normal use of a single self-luminous wristwatch could exceed the limiting skin dose set forth 

in 10 CFR 32.23. This result contains some rather large uncertainties for the following 

reasons:  

“(1) the rate of leakage of 
3
H from the GTLSs in the self-luminous watches is not well 

known, and  
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“(2) the conversion factor for relating skin dose to absorption of 
3
H through the skin in 

contact with the wristwatch is not well established (see Section 2.14.4.2.1).” 

Then, continuing with the logic but using the current 100 mCi watch as the example, it can 

still be stated that the estimated annual dose equivalent of approximately 0.8 mSv 

(approximately 80 mrem) for skin of a wearer in contact with the self-luminous wristwatch is 

much less than (1.6% of) the annual dose limit of 50 mSv (5 rem) for skin of members of the 

public that is recommended in both ICRP 60 and NCRP 116. 

7. The limits in 10 CFR 32.24 are very old (June 13, 1969).  At that time, the area of interest for 

skin dose was 1 cm
2
, and this exposure area was almost certainly based on occupational dose 

considerations. Since the area of interest for the Shallow Dose Equivalent in the current Part 

20 is 10 cm
2
, it seems reasonable to apply that logic to localized areas of skin in §32.24. That 

would make the limit in the table 0.15 rem (150 mrem). Note that NUREG 1717 utilizes the 

average dose over 10 cm
2
. 

 

Based on the above evaluation, we believe that the watch being submitted for exempt 

distribution is unlikely to deliver any significant doses to localized areas of the wearer’s skin.  

 
 

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

 

Sincerely, 

 

 
K. Paul Steinmeyer, RRPT 

Senior Health Physicist 
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Health Physics Society 
Specialists in Radiation Safety 

Tritium 

Fact Sheet 

Adopted: March 2011 

General Information 

Tritium is the only radioactive* isotope of 

hydrogen and it is commonly represented 

by the chemical symbol H-3 or 3H. While 

the most common form of the hydrogen 

atom has a nucleus consisting of a single 

proton, tritium’s nucleus is comprised of 

three particles: two neutrons and a single 

proton. This configuration makes tritium’s 

nucleus unstable and tending to undergo a process of 

radioactive transformation. During this decay process, 

the tritium atom transforms into a nonradioactive he-

lium atom and, in the process, emits a form of ionizing 

radiation known as a beta particle. The emission of this 

beta particle during the decay process is what makes 

tritium a potentially hazardous material. 

 

The half-life of tritium is 12.3 years. The beta particle that 

is emitted by tritium is considered to be very weak, hav-

ing an average kinetic energy of 6 keV. As a result, these 

particular beta particles can only travel about 6 mm in 

air before they lose their ability to cause ionizations. In 

tissue, tritium’s beta particle is so weak that it cannot 

penetrate the typical thickness of the dead layer of skin 

that exists on the outside of the human body. For this 

reason, the beta particle emitted by tritium is generally 

only considered to be hazardous if a significant quantity 

of tritium is, or has the potential to be, taken into the 

body.  

 

The chemical behavior of tritium is essentially the same 

as that of hydrogen. This means that tritium, just like 

stable hydrogen, can exist in a gaseous state or, more 

commonly, in the form of water. In fact, tritium atoms 

have a tendency to replace one of the stable hydrogen 

atoms in water, H20, thus becoming a part of the water 

molecule. The resulting compound is known as tritiated 

water, with the chemical formula HTO or 

T2O. Tritiated water is colorless and odor-

less, just like regular water, and can exist 

alongside regular water molecules. Given 

the chemical properties of tritium and the 

fact that roughly two-thirds of human 

body mass is composed of water, it is very 

common for tritium to exist within the hu-

man body. 

 

Sources 

Tritium can be produced in several ways and is gener-

ated naturally in the atmosphere through interactions 

between nitrogen in the air and radiations originating 

from outer space, known as cosmic rays. Tritium is also 

produced by nuclear reactions that are brought about 

through man-made processes. These are generally lim-

ited to nuclear reactions that occur within a nuclear re-

actor, during the detonation of a nuclear weapon or, to a 

much lesser extent, in particle accelerators. All of these 

processes produce tritium because they create situations 

where nuclear reactions, such as fission, fusion, and acti-

vation, can occur.  

 

Nuclear weapons, particularly thermonuclear weapons, 

have the ability to produce large quantities of tritium. 

There was a time when the atmospheric testing of nu-

clear weapons contributed significantly to the amount of 

tritium present in the environment; however, since the 

signing of the Partial Test Ban Treaty in 1963, the major 

nuclear-armed countries have limited their testing activi-

ties to underground nuclear detonations. Consequently, 

the amount of tritium in the environment has been de-

creasing since 1963. While tritium is still produced dur-

ing subterranean tests, they are designed to contain the 

majority of the tritium underground at the test site, pre-

venting releases into the greater environment. 

*Words in italics are defined in the Glossary on page 5. 
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Nuclear reactors produce tritium as a direct product of 

nuclear fission as well as through activation of other ma-

terials that are in close proximity to the fission process. 

These materials are generally limited to those that are 

found inside a nuclear reactor core and can include con-

trols rods and cooling water. While most of the tritium 

that is generated inside a reactor remains there, some of 

that tritium can be transported, usually via the cooling 

water, which is continuously circulated through the re-

actor core during operation. Commercial nuclear power 

plants produce tritium as a byproduct of generating 

electricity, while other nuclear reactors, known as pro-

duction reactors, are specifically designed to produce 

radioactive isotopes, including tritium. Such reactors are 

generally limited to government facilities involved in 

the production and maintenance of nuclear weapons. 

However, a commercial power reactor was recently au-

thorized to undertake tritium production activities. To a 

lesser extent, small research and test reactors may also 

produce low concentrations of tritium.  

 

Tritium can also be released into the environment from 

facilities that handle the material but do not necessarily 

produce it. In the United States, these would primarily 

be Department of Energy (DOE) facilities involved in 

work related to the nuclear weap-

ons arsenal or limited noncommer-

cial fuel-reprocessing operations.  

 

Tritium in the Environment  

Tritium exists throughout the 

worldwide environment due to 

both natural and man-made proc-

esses. Although tritium is con-

stantly undergoing radioactive de-

cay, which reduces the amount of 

tritium in the environment, it is 

also being generated by the proc-

esses discussed above. These com-

peting processes of production and 

decay result in a dynamic world-

wide inventory of tritium, which 

has fluctuated over time and can be correlated with hu-

man activities, most notably the atmospheric testing of 

nuclear weapons. 

 

Tritium is found throughout the global environment: in 

the atmosphere, ground water, soil, rivers, lakes, 

streams, and oceans. Over time tritium that is released 

into the environment becomes distributed by the same 

processes that transport water, most notably the hydro-

logical cycle, otherwise known as the water cycle. This 

process tends to dilute tritium releases by spreading 

them out, largely preventing any concentration in the 

environment. However, the distribution and dilution of 

tritium is not instantaneous and, therefore, individuals 

in close proximity to tritium releases are generally ex-

pected to be exposed to a greater extent than others who 

are farther away. For this reason, regulations have been 

designed to limit the exposure to members of the public 

who have potential for exposure. In practice this means 

that organizations that release tritium, such a nuclear 

power plants, are required to ensure that their releases 

will not cause any single individual member of the pub-

lic to receive an exposure above the prescribed public 

dose limit.  

 

Applications 

In addition to being produced by nuclear detonations, 

tritium is also a critical component in modern nuclear 

weapons, and an inventory of tritium is maintained for 

this purpose. Tritium is also a prospective fuel in the 

effort to develop commercially viable nuclear fusion re-

actors. In the life sciences, tritium 

is often bound to organic com-

pounds and used as a radioactive 

tracer to study the metabolism of 

that compound in a biological sys-

tem, such as an organism or cell. 

 

Tritium is also found in a range of 

common consumer items because it 

can be used in combination with 

phosphors in order to make materi-

als that are self-luminous (glow in 

the dark), meaning that these items 

will produce light without any sup-

plemental power supply. These 

items include gun sights, watch 

dials, key chains, and tritium exit 

signs. It has been estimated that there are greater than 2 

million self-luminous tritium exit signs in use in the 

United States. It is important to understand that tritium 

itself does not produce visible light or glow in the dark 

and that the tritium in these devices only serves to ener-

gize the light-producing phosphors in these items.  

Photo courtesy of ANS Nuclear Cafe 

Tritium Exit Sign 

http://ansnuclearcafe.org/
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 While the use of tritium in self-luminous devices is 

common and not considered to pose any serious threats 

to safety, health, or security, the devices do have the 

potential to release tritium to the environment if dam-

aged. If this happens, low levels of tritium exposure to 

nearby individuals and a potentially expensive cleanup 

effort can result. This is only known to happen if the 

tritium-containing device has been physically damaged.  

 

Additionally, devices such as tritium exit signs are pro-

hibited from disposal as regular solid waste. Instead, 

they should be disposed of in accordance with applica-

ble federal and state regulations, which typically in-

volve the return of the tritium exit signs to the manufac-

turer, the distributor, or a licensed radioactive waste 

broker. Failure to dispose of these items properly can 

result in regulatory penalties from federal and/or state 

agencies. 

 

Biological and Health Effects  

Tritium can potentially be hazardous to human health 

because it emits ionizing radiation, exposure to which 

may increase the probability that a person will develop 

cancer during his or her lifetime. For this reason, it is 

very important that human exposure to any radioactive 

material, such as tritium, is minimized within reason. 

However, it is also important to understand that an in-

dividual’s cancer risk is affected by many factors, in-

cluding heredity, lifestyle, and numerous environ-

mental factors, of which radiation exposure is but one of 

many. It is also important to note that everyone is ex-

posed to radiation every day and, on average, the vast 

majority of an individual’s radiation exposure in the 

United States results from medical procedures and 

naturally produced radiation. In fact, humans have al-

ways been exposed to radiation and our bodies have 

mechanisms that can act to repair damage to our cells 

that is caused by radiation. 

 

As discussed above, tritium is generally only considered 

to be potentially hazardous when it is inside the body. 

Tritium can enter the body by inhalation, skin absorp-

tion and, mostly commonly, ingestion of tritiated water. 

For the most part, tritium does not accumulate in any 

one part of the body, nor does it tend to reside within 

the body for long periods. Instead, tritium predomi-

nantly behaves just like ordinary water in the body, be-

coming distributed uniformly throughout the body’s 

water and excreted through the same pathways as wa-

ter, primarily in the form of urine. 

 

A small amount of all tritium that enters the body can 

become bound to organic compounds. Organically bound 

tritium atoms do not behave like water, can remain in the 

body for longer periods, and can accumulate in certain 

parts of the body; however, the effects of organically 

bound tritium are generally not significant compared to 

the predominant form of tritium occurring as water in the 

body. It also important to note that tritium does not have 

chemically toxic effects when inside the body and it is 

hazardous solely due to its radioactivity.  

 

While it has been determined that exposure to high lev-

els of ionizing radiation causes cancer, this effect has 

not been observed for lower doses on the order of back-

ground radiation doses, including with tritium. Al-

though the regulatory process and radiation safety 

practices operate based on the conservative assumption 

that all radiation exposure increases cancer risk, credi-

ble quantitative risk assessments cannot be made for 

low background levels of radiation exposure. For this 

reason, the cancer risk, if there is any, posed to a mem-

ber of the general public by expected environmental 

tritium exposure levels cannot be determined reliably. 

In fact, it has been shown that the health effects, namely 

cancer induction, resulting from such exposures are too 

improbable to be observed using current data and ana-

lytical methods. 

 

Detection 

Ionizing radiation can only be detected using sensitive 

instruments, but since tritium emits only a very weak 

beta particle it is very difficult to detect even with nor-

mal radiation-detection instrumentation. In fact, the 

most common portable radiation-detection instruments, 

such as Geiger counters and ionization chambers, are 

usually not capable of detecting tritium. The most reli-

able and widespread method for detecting tritium is 

known as liquid scintillation counting and involves mix-

ing tritium samples with a phosphor-containing fluid in 

vials and then placing the vials into a special piece of 

equipment for analysis. This method can be used to de-

tect the presence of tritium in liquid samples, on surface 

wipes, or within the human body by collecting and ana-

lyzing the urine of a subject. This type of measurement 

is known as a bioassay.  
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Regulations  

In the United States, the primary federal regulatory 

agencies that are concerned with tritium are the Envi-

ronmental Protection Agency (EPA) and the Nuclear 

Regulatory Commission (NRC). Additionally, many in-

dividual states now assume the regulatory authority of 

the NRC within their state. The DOE manages the trit-

ium used in nuclear weapons.  

 

The regulations in place are aimed at limiting the 

amount of radiation dose to any individual member of 

the public, as well as that which radiation workers can 

receive in the occupational setting. The protection of 

the public is achieved via regulations that set upper 

limits on the amount of tritium that a facility or opera-

tion can release through different pathways that could 

expose members of the public to tritium. These include 

tritium concentration limits on effluent releases to the 

environment for both water and air as well as to sewer 

systems. Additionally, there are regulations that apply 

during the cleanup of tritium-contaminated sites that 

limit tritium concentrations in soil and groundwater 

before a site can be deemed suitable for general 

“unrestricted use.” 

 

Radioactive materials licensees that possess tritium are 

required to ensure compliance with all relevant regula-

tions. Failure to remain in compliance can result in 

regulatory and civil penalties, as well as increased regu-

latory scrutiny. Additionally, information pertaining to 

regulatory violations is often publicized, which in itself 

can pose a significant penalizing effect upon those in 

violation.  

 

NRC regulations can be found in Chapter 10 of the Code 

of Federal Regulations, Part 20: 10 CFR Part 20. 
 
EPA regulations can be found in Chapter 40 of the Code 

of Federal Regulations: 40 CFR Part 141. 
 

Protection 

Since tritium exists throughout the environment, the pro-

tection of the general public with regard to tritium is largely 

the responsibility of the licensees that produce or possess 

tritium and the government agencies that regulate them. 

However, individuals can also help to protect themselves 

and others from unnecessary tritium exposure by having a 

general awareness of common consumer products that con-

tain tritium. While such items do not generally pose a haz-

ard under normal use, these objects can release tritium if 

they are damaged. It is also important for an organization 

that may possess items such as tritium exit signs to ensure 

that they are maintained and disposed of properly. 
 

Summary  

Tritium is a radioactive form of hydrogen that is pro-

duced by both natural and man-made processes. It pre-

dominantly exists in the form of water and generally 

behaves as such in both the environment and the body. 

For this reason, tritium is widely dispersed in the envi-

ronment, resulting in worldwide exposure at low back-

ground levels. However, due to its biochemical behavior 

and weak radioactive emissions, tritium is considered to 

be one of the least harmful radionuclides. Despite this 

fact, it is important to be aware that tritium is used in 

some common devices, such as tritium exit signs, which 

can release tritium if they are improperly disposed of or 

damaged.  

NRC regulations can be found in Chapter 10  

of the Code of Federal Regulations, Part 20: 10 CFR Part 20. 

 

EPA regulations can be found in Chapter 40  

of the Code of Federal Regulations: 40 CFR Part 141. 
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Glossary 

Activation 

The process by which stable atoms are transformed into radioactive atoms due to exposure to special radiological 

conditions, such as those found within a nuclear reactor core. 
 
Half-Life 

The time it takes for one-half of the atoms of a given quantity of a particular radioactive isotope to decay. 
 
Isotope 

Atoms of the same element that have nuclei containing the same number of protons but different numbers of neutrons.  
 
Ionizing 

Describes radiation that has enough energy to directly ionize or remove an electron from an atom. 
 
keV (kiloelectron volt) 

A unit of energy equal to that of an unbound electron accelerated through a potential difference of 1,000 volts. 
 
Organic 

Describes a compound containing carbon and generally involved in the chemistry of living organisms. 
 
Radiation 

Energetic particles or photons moving through space. 
 
Radioactive 

Describes a material that tends to undergo spontaneous nuclear transformations and can result in the emission of 

ionizing radiation. 
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