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ESTINATION OF DOSE TO MAN FROM EHVIROMMENTAL IRIGTIUN

1

£ ABSTRACT
g Factors important for characterization of tri-
‘tium in environmental pathways leading to exposure
of man are reviewed and quontification of those
cfactors s discussed.  Parameters characterizing
;the behavior of tritium in man are also subjected
v to review. Factors to be discussed inciude organic
’binding, bicaccumulation, quality factor and trans-
crutation. .

: A variety of models are presently in use to
cestinate dose to man from environmental releases of

‘tritium.  Results from four representative models
are compared and discussed. Site-specific informa-
tion is always preferable when pavameterizing

‘rodels to estimate .dose to man. . There may be sig-
nificant differences in dose potential among geo-
graphic regions due to variable factors. An exam-
ple of one such factor we have examined is absolute
humidity. . :

‘ We conclude that adequate methodologies exist
for estimation of dose to man from environmental
Aritium although a number of areas are identified
phere additional tCritium research is desirable.

INTRODUCTION

Methodology for estimation of dose to man from
environmental tritium evolved out of general con-
cerns for radiation exposure of man from all
pources. Specific interests in tritium have their
brigins across a broad span of time and programs,
including: (1) basic radiebiology research studies,
[2) nutlear weapons development and effects stud-
¥es, (3) peaceful applications of nuclear explo-
Bives, PLOWSHARE, - (4) fission based nuclear fuel
cycles, and (5} studies related to the development
bf Tusion reactors. Tritium has always attracted

ttention 1in rnuclear power programs because it
reguenlly is present in large quantities compared
o riost of the other radionuclides if isotopes with
hort radicactive half-lives are disregarded.
ecause of the relatively large quantities in-
olved, the estimated dose contribution from triti-
m may be substantial even though the dose per unit
ctivity is one of the lowest for all radioiso-
opes. Renewed interest in tritium at this time is
he result of a combination of factors, not all of
khich are unique to tritium. First, today's move
restrictive dose limits prompt reexamination of any
radionuclide which contributes noticeably to the
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estimated total dose. Secend, revised ternary fis-
sion yield data for fast reactor fuels suggest that
previous estimates of tr.tium production via that
process may have been low by as much as ore corder
of magnitude (1,2). Third, recent exparimentai re-
sults suggest that it may be desirable to incizase
the quality factor (Q) for tritium beta particles
from the present recormdended value of I to a highar
value (e.g., 2), particularly for low-dose rates
and low-dose exposures (3,4,%). The estimated dase
for tritium exposure would increase in direct oro-
portion to any increase in the Q. The third point
leads to the fourth and final point to be menticned
here: the complex and unanswered question of the
relative significance to man of spzll radizticn
doses rveceived at low-dose rates. All radizlion
dose to man is assessed against radiation saiety
standards established on the basis of dose-effect
relationships observed at high-dose and high-dose
rates, and linearly extrapolated to zero effect at
zero dose. This fourth consideration is not unigue
to exposuras coming from tritium; however, tritium

under .review in this regard bz=cause it is
frequently used as a research tool in low-doss znd
-dose rate studies, and the dose-dose ratzs patierns
anticipated for tritiun encountered in the envircn-
ment ‘will "be low. Our purpose here is to raview
and update our previous study of the radiolozical
aspects of environmental tritium (6), review and
compare representative examples of the methodsloe-
gies available to estimate dosc to man from triti-
um, and comment on the generel application cf this
overall methodology to assess envivonmzntal re-
leases of tritium.

RELEASE OF TRITIUM TO THE EHVIROMMENT

Tritium is difficult to concentrats and con-
tain in a cost-effective manner, thus thz ten
has been extensive escape/release to the enw
mant. Typically these releases are to the atino-
sphere which affords rapid dispersion and dilulion.
This procedure is feasible because under normal
environmental conditions, tritium is present pri-
marily in the oxidized form as tritiated water
{(HT0) and thus it is ubiquitous in tha circulating
hydrosphere. There have been no 1inits on the
quantities of tritium released to the environ=2nt
so long as dose limits were not exceeded. Popula-
tion dose estimates for tritium releasss are simall
because facilities with significant potential for
tritiun release generally are located in sparsely
poptilated areas. As stated above, most of the re-
leased tritiwi is believed to be in the form of
HTO# however, at some facilities measurements have
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ldentlfled substantial quantities in the elemental

form (HT) (7). For asscssment purposes, the HT is

assumed to be oxidized rapidly to HTO, a process

vhich actually progresses at a rate dcternlned by
environmental conditions which prevail at the point
and time of release. The rate of this oxidation
process and the environmental factors which control

the rate are prime candidates for additional study.-

The principal p01nt of tritium relecase in the

nuclear fuel cycle is at the fuel reprocessing ster
(5). Tritium releases from light waler reactors
during normal ecperations are much smaller than
those from reprocessing facilities but they are not
negligible. Efforts directed at concenilrating and
containing tritium would be best applied to fuel

reprocessing facilities. It remains to be estab-

lished that such procedures at reactor sites would
become cost-effective in the foreseeable future.

The quantity of tritium to be released to the envi--
ronnent from nuclear fuel cycles is given some per-

spective by comparison with guantities estimated
for other sources of environmental tritium.

Table 1 provides estimates of source strength for
the principal contributors of environmental triti-

um. Natural productlon at a rate of 0.15 EBq per
year (4 MCi/year) is estimated to result in a world
inventory of 2.6 EBg (70 MCi) (8).
from nuclear weapons testing have provided a major
perturbation in the world inventory of tritium.
Depending on the scenario chosen for projected
growth of the nuclear power industry, routine re-
leases of tritium easily could equal natural pro-
duction of the izotope by the year 1990 with much
larger releases _approaching a peak value sone
twenty years later (5).

TITNSERT TABLE A

RADIOTOXICITY OF TRITIUM

Assuming that releases of tritium are going to
occur, how toxic is tritium as a source of radia-
tion exposure for man? The radiotoxicity of any
radionuclide is determined by interplay of its many
properties and behavior characteristics, some en-.
hancing and others diminishing the overall effect. .
The radioactive half-life of tritium is 12.3 years.
(9), thus this radionuclide has the potential to:
remain available to expose man for many year: fol-
lowing release {witriess the presence of residual
tritium from nuclear weapons activities). . Tritium,
is a pure beta emitter and the 1ntens1ty is veryw
Tow, 3.0 f3 (18.6 keV) maximum (9). This decay
chardcter1st1c suggests low radiotuvxicity relatlve“
to other radionuclides which emit radialions ofg
higher energy and/or a more penetrating type.

Contributions -

Metabolic processes determine the distribution
of tritium among biological compartments once the
radionuclide enters the body. In establishing dose
to man from exposure to tritium, assumptions must
be made concerning distribution of the isotope
among the hydrogen pools of the body. Hydrogen is
a biologically important element constltutlng
approxipately 10% of .the total body by weight.
Body hydrogen may be subdivided among three com-
partments: (1) tissue water hydrogen (TVH), 67%;
(2) exchangeable tissue-bound hydrogen {(ETBH), 11%;
and (3) nenexchangeable tissue~bound hydrogen
(NTBH), 22% (10). Tissue water hydrogen refers to
all hydrogen atoms present 1in water molecules.
Tissue-bound hydrogen refers to all hydrogen pres-
ent in organic molecules such as proteins, fats and
carbohydrates. Tritium from the tissue water com-
partment can enter tissue-bound compartments and
the chemical reaction may be relatively.rapid for
the "exchangeable"” components. In the nonexchange-
able tissue-bound compartment however, where the

" hydrogen atoms are assumed to be bonded to carbon

atoms of organic tissues, hydrogen turnover is much
siower.

The chemical form of tritium at the point of
exposure strongly influences radiotoxicity. As
HT0, tritium readily enters the body and it is
metabolized 1ike ordinary water. Thus, tritium
frequently is considered to have a biological half-

. time of 8 to 12 days in man equal to that of water.

The International Commission on Radiological Pro-
tection (ICRP) recommends an Arnual Limit on Intake
(ALI) of 3 x 10° Bq (81 wCi) and a Derived Air Con-
centration (DAC) of 8 x 105 Bq/m3 (2 x 1G-S5 pCi/
em3) for HTO (11). Exposure to HT results in very
little tritium entering the body. The lower radio-
toxicity of HT relative to HTO is reflected in the
much more liberal DAC recommended by the ICRP for
HT (2 x 101° Bgq/m?®, S5 x 10~ pCi/cm®) (11).

ORGANIC BINDING OF TRITIUA

The mechanism of tritivum uptake and biading
has been extensively documented and reviewed (see
8, 12, 13).In summary, tritium present as HTQ can
become organically bound within the body as a rz-
sult of metabolic processes. Tritium can also

- enter the body in the bound state as a result of

chemical reactions which occurred at some prev10us
step in the food chain. ~The importance of organic
binding in terms of increasing the radiotoxicity of
tritiunm over that it exhibits as HT or HIO is de-
pendent on the location of the binding site and the
binding fraction.

A fraction of the HT0 entering the body, as
was shown in the previous section, exchanges with
hydrogen bound in organic molecules or is placed in
nonexchangeable posilions in the molecules via met-
abolic processes. The rate and extent of organic
binding from HTG depend on the metabolic activity
of the tissue. Timing, duration, and pathway of
exposure are important. The probability of exten-
sive organic labeling is maximized if the HTO is
available during tissue formation and growth. As
exposures to HTO are protracted, tritium concentra-
tions approach equilibrium values with a single
tritivm to hydrogen ratio common to all parts of
the hydrogen pool. It is estimated that following
an acute intake of HTO, 1 to 2X of the tritium



-becomes organically bound (13, 14, 15). For comn-
tinuous expasure, 25 to 400 labeling of the Lissue-
bound hydrogen compartment occurs (16, 17, 18).

Organic binding in the food chaln has the
potential to expose man to enhanced conceatrations
of tritiun.
ecological aspects of environmental tritium behav-
ior indicates that the isotope effects of tritium
involved in most exchange reactions are negligible.
Most studies using organic groups common in living
tissue to determ1ne the equilibrium concentration
obtained via exchange with HTO show that tritium is
unlikely to concentrate in exchangeable components.
Vanderploeg et al. (20) reviewed bioaccumulation of
tritium in aquatic systems. For incorporation into
nonexchangeable sites various enzymatic reductions

and oxidations of tissue organics are required

(21). Photosynthesis and other reduction reactions

.at the base of the food chain ircorporate tritium
from tissue water into nonexchangeable components
of pilants, although data on total tissue bound tri-
tium in plants show that there is discrimination
against tritium (20). In his above cited review of
ecological aspects of environmental tritium behav-
ior, Elwood indicated that data from field studies
of both acute and chronically exposed ecosystems
support the conclusion that there is no tritium
concentration in food or water at any level of a
food chain that exceeds the environmzntal concen-
tration. Researchers in this area are careful to
emphasize that although most chemical reactions
discriminate against tritium, the possibility of
zomg concen»vatlon cannot be ru]nd out comp]ete]y
22

Food chain transfers may lead to d1rect intake

and. incorporation . of tritium. in nonexchangeable
tissue-bound sites. Again most of the evidence
suggests discrimination against tritium incorpora-
tion into nonexchangeable sites (20). Most compo-
wents of the diet are broken down during absorptive
ind metabolic processes, and the products are used

)y the organism to syn*heSIZe its own building
Nlccks.  Some studies have shown enhanced tritium
evels in subjects raceiving diets totally labeled
fith tritium (23, 24); however, the practicality of
hese experimental conditions as a realistic simu-
ation of exposure to environmautal tritium remains
0 be established. This is also an area deserving
f additional study.

Organic binding can place tritium atoms at key
ocations in the labeled molecules. If the labeled
ositions are jimportant organic molecules such as
ibonucleic acid (RNA) or deoxyribonucleic acid
DNA), increased effectiveness or radiotoxicity is
uspected (12, 25). However, results from numerous
tudies searching for such added radiation effects
ue to tritium labeled organic molecules show no
uch effect (12, 22). Labeling position can be
nportant for another reason: during its radio-
ctive decay a tritium atom is transmuted to a
2lium atom regardless of position in a molecular
tructure. Key positioning would seem to increase
w possibility of significant effects occurring
1e to transmutation; however, literature on cellu-
tr' level siludies and anlna] studies support the
mclusion that transmutation effeects do not add
ignificantly to the radiation effects (22, 26 27).

A previous review by Elwood (19) of

“0.005 mn (28)

DOSIMETRY OF TRITIUM

Calgulation of dose resulting from exposure to
tritium is not particularly complex. However, a
number of factors, some of them aiready discusszed
here, influence the magnitude of the resultiny cose
conversion factors. Tritium is important as a
source of internal exposure (radiation source with-
in the body). External exposure is not an impor-
.tant consideration with tritium because -the low
energy beta emissions have a maximum range of only
in water or soft tissue and the
radiosensitive layer of the skin is located at a
depth in excess of 0.04 mm below the surface (29).
Exposure to HTO results in rapid and complele ab-
sorption of ingested and inhaled- tritium (13).
Skin absorption of HY0 is also rapid, rivaling in-
halation as a pathway for quantitative intake of
atmospheric tritdum in that ferm (8).

The intrinsic biological effectiveness of the
weak beta emission from tritium is a point of dis-
agreement among experts. To adjust for the varying
biotogical effectiveness of different radiation
types and energies the ICRP recommends that a qual-
ity factor (Q) be used. As the linear energy
transfer (LET) for the low-energy tritium besta is
higher than that for a more energetic beta or for
gamma or x-irradiation, prior te April 1969, the
ICRP recommended a Q of 1.7 for all beta radiation
having a maximum energy 4.8 fJ (0.03 MeV) (30).
Following recxamination of available dinformation,
the ICRP in April of 1969 revised the Q for tri-
tium beta emissions to 1 (31). Clear interpretz-
tion of. all data applicable in establishing the
value for Q is. very difficult for many reasons,
principal among them are differences in experimen-
tal endpoint and in choice of reference radiation.
The present ICRP recommended value of 1 for Q is
being questioned (22) on the grounds that it lacks
sufficient conservatism (conservatism is.a charac-
teristic which leads to overestimation of dose
rather than underestimation). Our own most recent
review of the literature leads us to conclude thzt
‘a quality factor of 2 would be more defensible for
tritium (5).

Most methods for estimating dose for tritium
taken into the body involve a metabolic model to
estimate the lime-integrated radionuclide body bur-
den. Typically, metabolic models are developad and
parameterized by simulating excretion data from
animal experimentation- or from huwan expcsure ex-
perience. In the instance of HTQ, components of
the excretion curve are ascribed to various com-
partments of the hydrogen pool in the body. The
dynamics (half-times) of the three components usu-
ally identified in the excretion function for tri-
tium are the following: (1) 8 to 12 days, tissue
water hydrogen, (2) 30 to 40 days, exchangeable
tissue-bound hydrogen, and (3) 300 to 600 days,
nonexchangeable tissue-bound hydrogen (6).

Tritium which becomes organically bound con-
tributes significantly to total dose. HMany esti-
mates exist for the incremental incraase in dose
due to the organically bound fraction as comparad
with the estimate of dose if all of the tritium is
assumed to be present as HT0. The range of the

‘estimates is from a few percent increase to a SG%

Each estimate is dependent on the
e.g., the

increase (5, 6).
specific exposure conditions assumed,



- duration of the exposure. Vhen inforpation is
lacking specific to the exposure in question it
seems reasonable, as a general rule, to increase
dose estimates for tissue waler tritium by approxi-
mately 20% to include the dose coatribution due to
organically bound tritium (5, 6, 8, 32).

As will be evident in the following section,
there is some variation among the dose conversion
factors included in dose estimation mezthodologies;
however, the majority of them are near a value of
2.7 x 107Y sv/Rq (0.1 millirem/pCi).

METHODOLOGIES FOR ESTIMNATING DOSE

A number of methodologies are available for
estimation of dose to man from tritium released to
the environment. Four representative examples of
these methodologies have been compared (5) and will
be discussed briefly. Before proceeding to the
individual methodologies, several assumptions and
conditions common to all of them are noted here.
For purposes of comparison, the quality factor has
arbitrarily been set at 1 in the dose conversion
factors included in each of the methodologies.
Similarly the absolute humidity assumed in each is
arbitrarily set at 6 g H,0/m3. Each methodology is
applied in a sample calculation to estimate the
annual dose to man resuiting from a continuous ex-
posure concentration of 37 mBg/m® (1 pCi/m3) of
tritium in the atmosphere under equilibrium condi-
tions. Three of the methodologies are applied in a
second set of calculations for which two of the in~
put parameters have been changed to simulate a
site-specific dose estimate. The differences be-
tween the estimates from the two sets of calcula-
tions illustrate the sensitivity of the results to
such changes in input assumptions. Those differ- -
ences also emphasize the importance of using site-
specific information to characterize the exposure
whenever possible.

The first methodelogy is an application of the
specific activity concept. A National Academy of
Science — Naticnal Research Council Cemmittee sug-
gested use of spacific activities to assess poten-
tial hazards from environmental releases of radio-
nuclides ({33). Evans (34) applied the concept to
estimate dose from environmental tritium, assuming
body hydrogen to be uniformly labeled under chronic
exposure conditions. Extrapolating from tritium
concentrations that he observed in tissue samples
from deer living in the environment of the Savannah
River laboratory, Evans estimated a labaling frac-
tion in the range of 0.85-1.0 for organically bound
hydrogen in the body of man under chronic exposure .
conditions. The dose conversion factor implicit in
Evans' calculations is 2.5 x 10! Sv/Bq (9.4 x
10~ millirem/pCi). The resulting annual dose
estimated for exposure to an atmospheric tritium
concentration of 37 mBq/m® (1 pCi/r?) is 1.6 x 104
nSv (1.6 x 1072 millirem), see Table 2. The spe-
cific: activity methodology is thought to provide
conservative results in applications of this type
(35).

The National Council on Radiation Protection
and Measurements (NCRP) proposes a methodology for
calculating the dose from tritium when concentra-
tions of tritium are known for the water, food pro-
ducts, and air to which the individual is exposed
(8). In this methodology it 1is assumed that the

|
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dose from tritium via the various pathways of expo-
sure depends on the relative contribution to total
water intake (3 liters/day) from each of the three
media noted above. The dose conversion factor in-
cluded in this methodology (2.3 x 10-1! Sv/Bq,
8.8 x 102 millirem/uCi) is based on a three-com-
pariment model of hydrogen in the body, published
by Bennelt (32). According to Bennett, 84% of the
dose is due to tritium in body water and 16% is due
to organically bound tritiuwm. Assuming that the
concentration of tritium in water, food, and air
are equal, the annual dose estimated for exposure
to an atmospheric tritium concentration of 37 m3q/
m3 (1 pCi/m3) is 1.6 x 1071 mSv (1.6 x 10°2 milli-
rem), see Table 2. This methodology is applicable
to chronic exposure conditions in which differences
exist in the concentration of tritium in water,
food, and air, but where time-~averaged concentra-
tions remain constant. If the tritium concentra-
tion in -drinking water is reduced to 1¥ of that in
air and the concentration in all food products to
50% of that in air, the estimated dose is reduced
in excess of a factor of three (see Table 2).

A comprehensive computerized methodology (AIR-
DOS-EPA) has been prepared by Moore et al.{36) for

- estimating dose from environmentally released tri-

tium and other radionuclides. The methodology in-
cludes an atmospheric dispersion model that pre-
dicts concentrations of tritium at distances up to
80 km from the release point. Tritium is assumed
to move like water through the environment. BDases
due to ingestion of food and drinking water at a
particular location are assumed to be proportional
to tiie concentration of tritium in air at that
location. Dese from ingestion of food is propor-
tional to the fraction of the total water inta'e
(3.2 liters/day) entering the body via that path-
way. Complete absorption is assumed for inspired
tritium, and skin absorption is accounted for by
adding 50% to the intake via inhalation. The aver-
age dose conversion factor included in the AIRDOS-
EPA methodology s 2.2 x 101! Sv/Bq (8.3 x 10-2-
millirem/pCi) (37). Assuming that all food pro-
ducts are grown at the point of interest, the esti-
mated annual dose for chronic exposure in an atmo-
spheric' tritium concentration of 37 mBg/m® (1 pCi/
m3) is 1.7 x 10~* mSv (1.7 x 10~2 wmillirem), see
Table 2. 1If, as with the previous methodology, as-
sumptions are changed to simulate site-specificity



(i.e., the trilium concentration in food is reduced
to 50% of that in air, and the concentration in
drinking water reduced to 1% of that in air) the
estimated dose is again reduced by a factor greater
than three, see Table 2.

The fourth methodology to be compared is one
proposed by the U. §. Nuclear Regulatory Comnissien
(38). This methodology 1is based on a model by
Anspaugh et al.(39). In this nwthodo]om; the con-
centration of tritium in vegetation is assumed to
be one-half that im surrounding air. The concen-
tration of tritium in milk and meat depends on the
tritium concentration in vegetation
cattle, and it appears in the USNRC methodology
that the resulting concentrations in milk and meat
are approximately 50% of those in the vegetation.
Since this methodology lacks specification for
tritium exposure via drinking water when only atmo-
spheric concentrations are knoun; for this compari-
- son, the specific activity of tritium in drxnkwng
wvater is assumed to be the same as that in a11, and
exposure via that pathway is evaluated assuming an
annual consumption rate of 370 liters (38). Total
absorption of inhaled tritium is assumed. Skin
absorption of tritium is assumed to equal 50% of
the estimated intake via inhalation. The dose con-
version factor included in this methodalogy is from
Hoenes and Soldat (40), 1.7 x 10711 Sv/Bg (6.2 x
102 millirem/pCi).. Assum1ng that all ingested
produce is grown Jocally, the estimated annual dose
for chronic exposure in an atmospheric tritium con-
centration of 37 mBg/m (1 pCl/m“) is 5.9 x 10-5
nSv (5.9 x 1073 m1111ren), see Table 2. Again, if
the ingested produce is assumed to be grown where
the air concentration is 50X of that at the point
of interest and the concentration in drinking water
15 1% of the atmoqpheric concentration, the rvesult-
ing estimate of annual dose is reduced this time by
approximately a factor of four, see Table 2.

STTE SPECIFICITY

Results presented in the previous section in-
dicated that dose estimates for environmental tri-
tium could be altered by a factor of 3 or 4 by
changing assumptions for input parameters (i.e.,
assumptions abcut the relationships between the
tritium concentration in the .atmosphere and those
in the food and drinking water). Other site-
B specific characteristics of- the exposure can influ-
ence the resulting dose estimate similarly; one
example 1is the absolute humidity. The absolute
humidity is an important parameter in calculation
of dose from environmantal releases of tritium.
Bue to dilution of released tritium by airborne
nater vapor, dose is found to be inversely propor-
tional to absolute humidity. In calculating the
dose estimates presented here a value of 6 g Hy0/m?
Jsas assumad for the absolute humidity. Actual
values may vary considerably depending on the geo-
graphical region in which dose is being estimated.
Because of this variability we decided to assemble
bsolute humidity data from which appropriate
salues for performing. radiological assessments
ould be estimated (41). Absolute humidity was

sing information from the 1977 Annual Summary of
. S. Climatolegical Data (42). The results of
his. analysis are presented in Fig. 1. The range

ingested by

stimated for 218 points across the. United States. ..

of absolute humidity values estimated for region:z
of the continental United States is a factor ¢
four. Thus we again see the imporiance of si‘se-
spzcific information and the magnitude of potesiiz™
errors that can be introduced throuch reliance
default parameter values (e.g., the zbselute hun
ity value of 6 g Hp0/m®). In some instances zih=
effect of parameter variations on dose may cznce’
one another, bul on other occasions they may t=
multiplicative.
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GLOBAL DOSE ‘ )

The approaches discussed in the section c=
methodologies for estimating dose are useful 7o
estimating dose on Tocal and regional scales. H
ever, because of jts 12. 3—year physical half-iif=
and its ub1qu tous nature in the hydralogic c.'7=
tritium is a source of potential exposure to the
world's population. Therefore, to assess envirca
mental releases of tritium, additionz? mathodeiscys
is necessary to estimate dose on a glébal sca!
Some of the models available for estimaticn
global dose for tritjum are listed in Table
Also presented in Table 3 are estimalss of annu
global population dose calculated with those mocdeis
for a continuous 1 kBg/sec (0.85 Ci/ year) atwe-
spheric release of tritium.

Frm
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The estirmates of Sol-

dat and Baker (43), Bergman et al. (343), and Zast-
erly and Jacobs (45) were obtained with enviren=en-
tal pathways models in which dispersion of tritiun
follows the hydrologic cycle. The estimate of
USEPA (46) 1is based on a simple dilution me:ire:
where releases are uniformly diluted via aquecus
pools. It can be seen from the table that the re-
sulting dose estimates vary by a factor of ZD.
' Our ovin evaluatian of global tritium distritu-
tion and its implication for global dose estimaticn
is presented in the work of Gentry and Travis re-
ported ir Till et al. (5). Tritium concentrations

-
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in precipitation and surface water of Lhe Atlantic
Ocean have been observed to vary exponentially with
tatitude between 0° and 70° north (47). Tritium
concentrations over land masses are also observed
to increase from west to east with an average in-
crease of approximately 3 over marine values (48).
Gentry and Travis assume that tritium is continu-
ously released to the atmosphere from a source
located in the northern hemisphere with equilibrium
conditions prevailing. A relatively sinple model
is used to simulate latitudinal dependence of tri-
tium concentration. Land area, waler surface area,
and population are quantified in 5° %atitudinal
bands and tritium is assumed to disperse in the top
75 m of oceans and the top 0.5 m of land. An esti-
mate of the global population dose is obtained by
incorporating demographic data and a dose conver-
sion factor (2.7 x 10-1! Sv/Bq, 1 x 10~ miVlirem/
puCi) with the tritium concentration predicted by
the model. The population within a given band is
exposed to the tritium concentration pradicted for
the midlatitude of the band. The total dose is ob-
tained by summing across all bands. For a 1 kBg/
sec (0.85 Ci/year) release rate the annual global
population dose is estimated to be 1.1 x 10-> man-
Sv (1.1 x 10-% man-rem), see Table 3. To obtain
the upper and JYower: bounds glven in Table 3 for
this population dose estimate it was assumed that
the entire population (3.04 x 10° persons) is ex-
posed to one of the two extreme tritium concentra-
tions predicted by the distribution model (at 0°
and 70° north latitude).

SUMMARY AND CONCLUSIONS

A number of factors related to the release of
tritium were discussed: sources, quantities, chem-
ical form, containment, and applicable regulations.
The potential for large quantities of tritium to be
released to the environment will remain. The prob-
ability and the extent of future releases will be
influenced by decisions on nuclear fuel reprocess-
ing, developments. with fast breeders and. fus1on
and regulatory incentives for containment.

The principal determinants of the radlotoyw—
city of environmental tritium have been reexamined

|

(4)
(5)

" from atmospheric release of tritium were reviewad
. and compared. ]

and the following conclusions are drawn from that
review:

@)

Tritium does not bioaccumulate in the environ-
~ment, in food chains, or in man;

Incorporation of tritium into key molecular
and cellular sites does not significznily
enhance its toxicity;

Transmutation effects
The quality factor should be increased to 2;

Organic binding results in approximately a 20%
addition to the total dose potential.

(2)

are insignificant;

3)

Four methodologies for est1mat1ng dose to map

w1,

Each of the four methodologies
appropriate for application to local and regicnzi
exposure conditions,. and each is limited to chrenic
exposure 51tuat10ns where equ111br1um conditicns.
prevail. Acute releases of tritium must be evalu-
ated with dynamic models on a case-by-case basi
using site-specific information. Acute releaze
are expected to constitute a small percentage o
the total tritium releaszad to the environment.
Variation among dose conversion facters includea in
the methodologies is less than a factor of two.
Application of each methodology to a standard s=t
of exposure conditions gave results which vary by
factor of three. Examples were used to show tn
site-specific information easily could alter itn
results obtained with these methodologies tc
greater extent than those obtained when they are
applied to a standard set of exposure conditicos.

An additional set of models is identified for
use in estimating global dose due to environmental
release of tritium. When applied to a standzrd
atmospheric tritium release rate under equ1.1b'i:1
conditions the results obtained with these msdels
vary by a factor of fifty.

The methodologies available are judged to
adequate for performing the generic and comparat
ascsessments required as input to the dec1si
making process at this time. Future evaluaticr
may rvequire a much heavier usage of site-specif:
information to achieve more realistic assessaa
although the methodologies probably will not dif
radically from those reviewed here.

- A number of .areas were . identified in
course of this review where additional tritium ro-
search is desirable to better establish radiotoxi-
city and estipate dose: (1) dependence of the
quality factor on dose, dose rate, experimentai
endpoint, and choice of reference radiation; {2)
biocaccupulation of tritium in complex food chains;
(3) verification that most molecules discriminate
against tritium incorporation into nonexchangeztie
sites; (4) effects of organically bound tritiis;
(5) confirimation of the lower toxicity of HY in
certain exposure situations; (6) characterizaticn
of the conversion of HT to HTO in environmenta?
systems; and (7) effects of exposures at very iow
doses and dose rates. . However, it is not beliaved
that work in these areas is essential at this tire
for adequate assessment of environmental release of
tritium. These needs should be addressed in proger
perspective as part of the broad desire for batier
understanding of the interaction of radiation and
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man.
sults

Radiation in turn is but one of the many in-
neading recognition, quantification, and

assessment as we develop a complete scenario of
energy technologies.
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Table 1. Sources and estimated quantities for environmental tritium

Source Quantity
Natural production© 0.15 EBg/year (4 MCi/year)
Nuclear explosives (1945-1975)% 70 EBq (1900 MCi)
Commercial products? . 0.037 EBq/year (1 MCi/year)
Nuclear industry (1990)b 0.15 EBq/year (4 }Ci/year)

- (2010) 1.9 EBg/year (50 MCi/year)

2See ref. 8.
bSee ref. 5.

Table 2. Summary of the dose estimates for chronic exposure
to 37 mBg/m3 (1 pCi/m3) of tritium in air
calculated using four methodologies

Annual dose {mSv)

Methodology No site specificity Limited site specificity
Specific activity? 1.6 x 10~ .3
NCRP® 1.6 x 10-4 4.8 x 10~
AIRDOS-EPAY 1.7 x 1074 5.3 x 10~5

USNRC® 5.9 x 10-5 1.4 x 1075

%See rgf. 34.

Drhe specific activity methodology does not provide for the
inclusion of site-specific data.

®See ref. 8.
dSee ref. 36.
®See vef, 38.

Table 3. Summary of global population dose estimates for
1 kBq/sec (0.85 Ci/year) atmospheric release of
tritium calculated using various methodologies®

Annual gioba]

- Model _ .population dose
= - C (man-Sv)
Soldat and Baker (1979)? A 1.9 x 107
Bergman et al. (1979)° 1.9 - 3.0 x 105
Easterly and Jacobs (1975)% 1.2 x 3075
USEPA (1973)° 3.5 x 10-6
Gentry ‘and Travis (in press) Avg.% 1.1 x 10-5
"Lower bound 1.3 x 10-¢

Upper bound - 5.5 x 10-5

%ee ref. 5.

bsee ref. 42.

®See ref. 43.

dsee ref. 44. .
€See vef. 45.



