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Abstract 

In 1998, the FDA released its recommendations for age-dependent derived intervention 
levels for several radionuclides involved in nuclear accidents. One radionuclide that is 
not included in that document is tritium. Therefore an analysis is presented here using 
dose coefficients from ICRP 56 to develop Derived Intervention Levels (DILs) for tritium 
in two forms: water (HTO) and organically bound tritium (OBT). The value of the DIL 
for OBTis 9.0x104 Bq kg·1 and for HTO is 2.2x10s Bq kg-I. 
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This document is used for comparison with WSRC-TR-98-00419, Derived Intervention 
Levels for Tritium based on Food and Drug Administration Methodology (U) to describe 
the effect on the DIL using ICRP 56 dose coefficients versus using ICRP 72 dose 
coefficients. The derivation of the DIL for tritium in this report will use dose coefficients 
from ICRP 56. 

2.0 Background 

On 13 August 1998, the FDA issued their document on Accidental Radioactive 
Contamination of Human Food and Animal Feeds.' Recommendations for State and Local 
Agencies. This document is intended to provide guidance and represents FDA thinking 
on the subject. The recommendations advise that health risk to the public be averted by 
limiting the radiation dose received as a result of consumption of accidentally 
contaminated food. This will be accomplished by: (l) setting limits, called Derived 
Intervention Levels (DILs) on the radionuclide activity concentration permitted in human 
food, and (2) taking protective actions to reduce the amount of contamination (FDA 
1998). 

It is not within the scope of this document to provide instructions for taking protective 
actions to reduce the amount of contamination. The FDA has established DILs for several 
radionuclides in its 1998 document. The objective of this report will be to establish DILs 
for tritiated water (HTO) and organically bound tritium (OBT) using the same 
methodology as the FDA. 

2.1 Protective Action Guides 

In 1982, the FDA recommendations originally established two levels of Protective Action 
Guides (pAGs). PAGs were defined as" projected dose commitment values to 
individuals in the general popUlation that warrant protective action following a release of 
radioactive material." The lower level, called the Preventive PAG, was a projected dose 
commitment of 0.005 Sv to the whole body, active bone marrow, or any other organ 
except the thyroid, or a projected dose commitment of 0.015 Sv to the thyroid. The 
Preventive PAG was associated with low-impact protective actions (e.g. placing dairy 
cows on stored feed). The upper level, called the Emergency PAG, was a projected dose 
commitment of 0.05 Sv to the whole body, active bone marrow, or any other organ 
except the thyroid, or a projected dose commitment of 0.150 Sv to the thyroid. The 
Emergency PAG was associated with higher-impact protective actions (e.g. diversion of 
fresh milk to cheese or milk powder). 

In 1998, the FDA's current recommendations replace the Preventive and Emergency 
PAGs with one set of PAGs for the ingestion pathway. The PAGs are 0.005 Sv for 
committed effective dose equivalent or 0.05 Sv committed dose equivalent to an 
individual tissue or organ, whichever is more limiting. 
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A OIL corresponds to the concentration in food present throughout the relevant period of 
time that, in the absence of any intervention, could lead to an individual receiving a 
radiation dose equal to the PAG. The basic equation for calculating the DIL is given by: 

Where: 

DC 

I 
Food Intake 

DIL(Bqlkg) = PAG(Sv) 
Ix Foodlntake(kg) x DC(Svl Bq) 

Eq. 1.0 

= Dose Coefficient; the radiation dose received per unit of activity 
ingested (Sv/Bq). 

= Fraction of food intake assumed to be contaminated. 
= Quantity of food consumed in an appropriate period of time (kg). 

The DIL for tritium is selected based on current FDA methodology for deriving DILs, 
which provides a large margin of safety. 

3.0 Approach 

The approach taken to determine the DIL for tritium is the same as the approach taken for 
other radionuclides in FDA 1998. The recommended PAGs are 0.005 Sv committed 
effective dose equivalent, or 0.05 Sv committed dose equivalent to individual tissues and 
organs, whichever is more limiting. These PAGs are consistent with the consensus of 
international organizations on the levels of radiation dose below which ingestion pathway 
interventions are generally not appropriate. 

3.1 Protective Action Guides used in Tritium DIL Calculation 

For the case of tritium, the most limiting PAG will be the 0.005 Sv committed effective 
dose equivalent since tritium is so readily adsorbed throughout the body's organs and 
tissues. Therefore the dose coefficient will be the same for each organ or tissue as it is 
for the whole body. Only the 0.005 Sv PAG was considered when calculating the DILs 
for tritium, given in Table 4.1. 

3.2 Age Groups and Dose Coefficients (DCs) 

The general population was divided into six age groups ranging from infants to adults and 
corresponding to the age groups in ICRP Publication 56 (ICRP 1989) for which ICRP has 
published DCs. The age groups are 3 months, I year,S years, 10 years, IS years, and 
adult The OIL was calculated for each age group and is listed in Table 4.1. The dose 
coefficients used for this calculation come from ICRP Publication 56 (ICRP 1989). 
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Food intake included all dietary components including tap water used for drinking, and is 
the overall quantity consumed in one year. Dietary intakes were derived from a 1984 
EPA report which presented average daily food intake by age and gender (EPA 1984a, 
EPA 1984b). The EPA intakes were based on data from the 1977-1978 Nationwide Food 
Consumption Survey published by the U. S. Department of Agriculture (USDA 1982, 
USDA 1983). The Food Intake values were taken directly from FDA 1998, Table 0-3. 

3.4 Fractions of Food Intake Assumed to be Contaminated (J) 

For food consumed by most members of the general public, ten percent of the dietary 
intakes was assumed to be contaminated. This assumption recognizes the ready 
availability of uncontaminated food from unaffected areas of the United States or through 
importation from other countries, and also that many factors could reduce or eliminate 
contamination oflocal food by the time it reaches the market. 

Use of ten percent of the dietary intake as the portion contaminated is consistent with 
recominendations made by a Group of Experts to the Commission of the European 
Communities and by the Nuclear Energy Agency (NEA) of the Organization for 
Economic Cooperation and Development. The NEA noted that modification of this 
value would be appropriate if justified by detailed local findings (FDA 1998). 

FDA applies an additional factor of three to account for the fact that SUb-populations 
might be more dependent on local food supplies (FDA 1998). Therefore, during the 
immediate period after a nuclear accident, a value of 0.3 (i.e., thirty percent) is the 
fraction of food intake that the FDA recommends should be presumed to be 
contaminated. If, subsequently, there is convincing local information that the actual 
fraction of food intake that is contaminated (f) is considerably higher or lower, there will 
be adequate time for State and local officials to determine whether to adjust the value off 
(and therefore adjust the value of the OILs) for the affected area. 

For infants (i.e., age groups 3 months and 1 year) the diet consists of a high percentage of 
milk and the entire milk intake of some infants over a short period of time might come 
from supplies directly impacted by an accident. ThereforeJ is set equal to 1.0 (100%) 
for the infant diet (see Table 4.1), consistent with FDA 1998. 

4.0 Results 

Equation 1 was used to calculate the OIL using data listed in Table 4.1. Equation 1 is: 

DIL(Bq / kg) = PAG(Sv) 
f x Foodlntake(kg) x DC(Sv/ Bq) 
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The results of the calculation show the OILs for each age group and for both fonns of 
tritium. 

Table 4.1 Calculation of Derived Intervention Levels (DILs) for Tritium. 

3H20 3 months 1 year 5 year 10 year 15 year adult 

DC (Sv/Bq) 5.50E-11 4.10E-11 2.60E-11 1.90E-11 1.60E-11 1.60E-11 
f 1 1 0.3 0.3 0.3 0.3 
PAG (Sv) 0.005 0.005 0.005 0.005 0.005 0.005 
food intake (kg) 418 506 660 779 869 943 

OIL (Bq/kg) 2.2Ei"05 2.4Ei"05 9.7Ei"05 1.1Ei"06 1.2Ei"06 1.1Ei"06 

OBT 3 months 1 year 5 year 10 year 15 year adult 

DC (Sv/Bq) 1.00E-10 1.10E-10 6.70E-11 5.40E-11 4.00E-11 4.00E-11 
f 1 1 0.3 0.3 0.3 0.3 
PAG (Sv) 0.005 0.005 0.005 0.005 0.005 0.005 
food intake (kg) 418 506 660 779 869 943 

OIL (Bq/kg) 1.2Ei"05 9.0Ei"04 3.BEi"05 4.0Ei"05 4.BEi"05 4.4Ei"05 



5.0 Conclusions 

WSRC-TR-99-00064 
Revision 0 

Page 5 

Derived Intervention Levels were developed for tritium in water (HTO) and organically 
bound tritium (OBT). The most limiting DIL for HTO is 2.2x I 05 Bq kg'! in the 3 month 
age group. The most limiting DIL for OBT is 9.0x104 Bq kg'! in the 1 year age group. 

Using ICRP S6 dose coefficients resulted in a DIL (9.0x I 04 Bq kg'!) that was slightly less 
restrictive than the one developed in WSRC-TR-98-00419, Derived Intervention Levels 
for Tritium based on Food and Drug Administration Methodology (U), which used dose 
coefficients from ICRP 72 (8.2x I 04 Bq kg-I). The limiting category (OBT for the I year 
age group) remained the same. 
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