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T RITIUM, an isotope of hydrogen with an
atomic mass number of three, is produced in

nuclear reactors in substantial quantities. Al-
though tritium is one of the least hazardous ra-
dioactive nuclides, its continued production and
long half-life for radioactive decay may lead to
increased levels in the environment. Because
tritium is an isotope of hydrogen, it can be
metabolized in the form of tritiated water and
incorporated into body fluids and tissues. This
source of population exposure requires that
public health agencies be cognizant of the
significance of tritium as an environmental
contaminant.
The nuclear power industry has expanded

rapidly during the past few years, and the U.S.
Atomic Energy Commission predicts that this
high rate of growth will continue during the
next decade. Nuclear power reactors and fuel re-
processing plants release tritium to the environ-
ment under normal operating conditions.
Due to the stratospheric fallout from previ-

ous atmospheric testing of nuclear weapons,
measurable levels of tritium are already present
in the environment. An analysis of the effect of
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an expanding nuclear power industry on en-
vironmental tritium levels indicates that future
tritium releases from reactors and spent fuel
processing plants may surpass the quantity of
tritium remaining from nuclear weapons tests.
The Bureau of Radiological Health's en-

vironmental surveillance activities provide a
continuing source of data on tritium concentra-
tion in rivers on which nuclear facilities are lo-
cated. There is, however, a need for more spe-
cific source-oriented information on tritium,
and its potential for becoming a public health
problem. This paper is intended as a general in-
formation guide on tritium for persons engaged
in Federal, State, county, and local public health
activities. The various sources and mechanisms
for release of tritium and its pathway from nu-
clear facilities to the environment are described.
This information is essential in assessing the re-
quirement for environmental surveillance and
in evaluating, from a public health viewpoint,
the upward trend of tritium levels in the
environment.

Radiological Characteristics of Tritium
Because of its relatively short biological

half-time (12 days) combined with a relative-
ly low disintegration energy, tritium is one of
the least hazardous radionucides produced in
nuclear reactors. A single ingestion of tritiated
water having an activity of 1 microcurie will
produce a total dose to the body tissues of 0.21
millirems (mrem). Continuous ingestion of
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water having a specific activity of 1 microcurie
of tritium per milliliter will produce a dose rate
of 170 rem per year to body tissues. From this
value the annual average discharge concentra-
tion limit for tritium in water can be calculated
to be 3 X 10-3 microcuries per milliliter. This
quantity is the concentration limit for tritium
in radioactive waste discharges to the environ-
ment contained in the Code of Federal Regu-
lations (1).
Tritium decays by the emission of a beta

particle and an anti-neutrino to form stable
helium-3. The half-life for this process is 4,500
days or approximately 12 years (2). The beta
particle and the neutrino carry varying frac-
tions of the energy liberated by the disintegra-
tion. When there are many tritium atoms
present, this process produces a continuous
spectrum of beta particle energies.
The maximum energy of the beta emitted

by tritium is 18.6 kilo-electron volts (Kev)
and the average energy is 5.6 Kev. These ener-
gies are considerably lower than those of most
other beta emitters which are usually about
100 times greater.

Sources of Environmental Tritium
Naturally oceurring tritiumr. Tritium is one

of the three isotopes of hydrogen. Normal hy-
drogen consists of approximately 99.9 percent
protium (hydrogen-1) and 0.015 percent of
deuterium (hydrogen-2), although variations in
isotopic concentration can exist in natural
sources. Unlike protium and deuterium, tritium
(hydrogen-3) is unstable because of radioac-
tive decay and occurs naturally only in trace
amounts.
Naturally occurring tritium is formed prin-

cipally by the interaction of cosmic radiation
with oxygen and nitrogen atoms in the upper
atmosphere. Tritium produced by cosmic-ray
interactions prior to 1952 contributed to en-
vironmental concentrations ranging between
16 to 35 picocuries of tritium per liter of water or
5 to 10 tritium units (3) where 1 tritium unit
is equivalent to 1 atom of tritium per 1018
atoms of normal hydrogen. Because of a con-
stant rate of production, the tritium from nat-
ural processes will accumulate until an equi-
librium condition is reached. This condition is
achieved when the rate of removal of tritium
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from the environment by ra-dioactive decay
equals the rate of tritium production. Since
the earth is several billion years old, this
equilibrium rate has existed for some time
and the amount of tritium present from nat-
ural sources is essentially constant.

Nu-clear weapons tests. Past tests of nuclear
weapons in the atmosphere a-e the greatest
single source of tritium present in the environ-
ment today. Tests by both the United States
and the Union of Soviet Socialist Republics,
before the Atmospheric Test Ban Treaty in
1962, greatly increased the amount of tritium
in the environment. Thermonuclear (fusion)
weapons produce tritium from neutron inter-
actions with lithium and deuterium with a
production rate of 6.7 megacuries of tritiuni
per megaton of fusion yield (4). This source
contributed about 1,700 megacuries of tritium
to the environment compared with an equilib-
rium value from natural sources equivalent
to approximately 69 megacuries.
A large fraction of the tritium produced by

t-hese detonations was injected into the strat-
osphere. This part of the atmosphere does
not mix rapidly with the lower portion of the
atmosphere; therefore, the tritium is intro-
duced into the troposphere over many years.
Tritium in the lower atmosphere is rapidly
removed by precipitation. Tritium removed
from the atmosphere by precipitation will ac-
cumulate in the surface layers of the oceans
and inland waters. Rainfall that follows pe-
riods of nuclear testing has several hundred
times the tritium content normally present from
natural tritium. The estimated time for these
processes to remove half of the tritiated water
from the lower atmosphere is 35 to 40 days (3).

Tritium From Nuclear Reactors

Tritium may be produced in nuclear reac-
tors by the following five mechanisms: (a)
fissioning of uranium, (b) neutron capture re-
actions with boron and lithium added to the
reactor coolant, (c) neutron capture reactions
with boron in control rods, (d) activation of
deuterium (hydrogen-2) in water, and (e)
high energy neutron capture reactions with
structural materials.
The relative magnitude of tritium produc-
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tion by these sources is influenced by the
reactor type, operating history, design charac-
teristics, and materials of construction. The
amount of tritium and manner in which it is
released to the environment will also be af-
fected by these parameters.
During the processing of spent reactor fuel,

tritium, which 'has been produced in the fuel
rods, is released to the environment and may
be a significant source of environmental tritium
contamination. A detailed discussion of this
source, however, is not within the scope of
this report.
Fission-product tritium. During the fission

process the uranium nucleus usually splits into
two more or less equal fragments plus several
neutrons. About once in every 10,000 fissions,
however, the nucleus is split into three portions
(ternary fission) one of which may be a tritium
nucleus. It requires 3.1 X 10 16 fissions per second
to produce a power level of 1 megawatt of ther-
mal energy (Mwt).
Most nuclear powerplants generate electricity

at a rate of approximately one-third of the
thermal energy production rate. Therefore, ap-
proximately 1017 fissions per second are re-
quired to produce 1 megawatt of electrical en-
ergy (Mwe). This production rate corresponds
to the production of about 1013 atoms of tritium
per second or 50 millicuries of tritium per day
for each megawatt of electrical energy gener-
ated. This tritium normally remains in the fuel
unless it diffuses through the cladding material
or a leak occurs.
A second source of fission-product tritium in

nuclear reactors is due to traces of uranium on
the outer side of fuel elements which remain
from the fuel fabrication process. This "tramp"
uranium may be only a few micrograms per
square inch of fuel surface, but because of the
large surface area provided by the many fuel
rods in a reactor it can produce detectable fis-
sion-product concentrations in the coolant.
The reactor fuel is usually uranium oxide and

is contained in tubes made of stainless steel or
an alloy of zirconium (zircaloy). The primary
function of the cladding material is to prevent
the escape of fission products from the fuel ele-
ment. These fission products would otherwise
leak from the fuel and contaminate the primary
coolant. Sometimes, because of a lack of uni-

formity in manufacturing, damage during ship-
ment or handling, or as a result of unequal
corrosion rates or temperature gradients, the
cladding develops pinhole failures or defects
through which fission products such as tritium
may escape.

All new water-cooled power reactors being
built in the United States axe using zirconium-
clad fuels; however, several older reactors use
stainless steel clad fuel. Stainless steel is being
replaced by zircaloy cladding because of the in-
creased corrosion resistance and more favorable
nuclear properties.
Experience has shown that the fraction of

tritium escaping from fuel which is clad with
zircaloy-2 is significantly less than that escap-
ing from stainless steel clad fuels. This loss of
tritium may be due to fewer defects in zirco-
nium cladding or the ability of zirconium to
combine chemically with hydrogen, thus limit-
ing diffusion through the cladding and, conse-
quently, limiting the release of tritium to the
coolant.

Tritium produced by activation. Tritium is
produced in water reactors by the activation of
the naturally occurring deuterium present in
the cooling water. Because of the small amount
of deuterium in water and the low probability
of its capturing a neutron to form tritium, this
source of tritium in light water reactors is in-
significant. In heavy water reactors which are
cooled or moderated with deuterium oxide
(D20), however, activation is the major source
of tritium. Heavy water reactors for power
production are not used in the United States at
the present time but may be developed at some
time in the future. There are, however, several
heavy-water plutonium production reactors and
small heavy-water moderated research reactors
in operation.
A comparison of the tritium concentrations

in the primary coolant of light and'heavy water
reactors is shown in the following table:

Tritium concentration
Reactor type (microcurie per milliliter)
Heavy water_-______________________7200
Pressurized water reactor---_..:- 1.5

Do -------------------- .14
DO ----------------------------- .044

Boiling water reactor______----------- .015

SOURCE: reference 5.
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Tritium is also the product of neutron capture
reactions in boron-10, boron-11, lithium-7 and
lithium-6. Lithium-7 is usually formed by the
10B(n,a)7Li reaction when boron is used in
nuclear reactors for reactivity control.
In the past, lithium-6 was used in the coolant

for pH control or in coolant purification demin-
eralizers. This use of lithium-6 resulted in the
production of elevated tritium concentrations
in the primary coolant.
The use of lithium-6 has been abandoned for

this reason and replaced by ammonia or lith-
ium-7. Tritium may also be formed by the
24N(n,T) 12C reaction with ammonia in the
coolant or nitrogen in the containment atmo-
sphere. The magnitude of these sources has not
been fully assessed.
In boiling water reactors (BWR) boron is

used for control in the form of boron carbide
either as cruciform control rods or as absorber
plates (curtains). Weaver and Harward (6)
describe the differences in design between this
reactor and a pressurized reactor. The rods are
movable and function to control the power level
of the reactor. Boron absorber curtains are gen-
erally used during the first fuel cycle to com-
pensate for the lack of buildup of neutron ab-
sorbing fission products (poisons) and are then
removed.
Both the absorber plates and the fuel rods are

clad in similar fashion so that tritium which is
formed from the boron must escape through the
cladding by the same mechanism as the fission-
product tritium.

Pressurized water reactors (PWR) use boron
for reactivity control in the form of boric acid
dissolved in the primary coolant. This chemical
shim is used to obtain a more uniform power
distribution and to compensate for long term
changes in fission-product poison buildup, ura-
nium burnup, and changes in neutron flux
levels. The initial concentration of boron ranges
from several hundred to several thousand ppm
and decreases during the operating life of the
fuel. Table 1 shows estimated tritium production
rates in a typical 1,000 Mwt light water reactor
for various irradiation times (7).
The production of tritium can also occur in

high temperature gas-cooled reactors by temary
fission and by activation of helium-3 found in

trace amounts in the helium coolant. The fol-
lowing table shows the estimated tritium pro-
duction rates in a 120 Mwt air-cooled reactor
(6).

Source
Ternary fission----
3He activation in coolant

Production rate
(curie8 per year)
------------- 605
_-__________ 91

Total ------ a---------------------------- 696
Souicz: reference 5.

Tritium release mechanimn. The tritium
concentration in the primary coolant system is
strongly dependent upon the coolant makeup
rate or residence time of the coolant in the re-
actor. The effect of the average residence time
of the coolant in the reactor system on coolant
tritium concentrations is shown for boiling wa-
ter reactors in table 2 and for pressurized water
reactors in table 3. In both taples, the contribu-
tion of fission-product tritium is shown as a
function of the fraction of the tritium which
passes through the fuel cladding. The tritium
produced by activation of the boron encased in
the control rods of a boiling water reactor
(BWR) has been assumed to remain within the
rod and does not contribute to tritium levels in
the coolant (7). The tritium level from the use
of boron in a PWR varies with the boron concen-
tration in the coolant and consequently shows
a considerable range as shown in table 3.
Table 4 shows tritium levels in the primary

coolant of several operating light water reactors.
These measurements were obtained by the staff
of the Northeastern Radiological Health Lab-

Table 1. Tritium production rates in a
1,00s0 Mwt light water nuclear reactor

Tritium produced (curies)

Irradiation time Activation Ternary Boron
of fission and

deuterium lithium
in coolant reactions 2

1 day - - 0. 0003 13 50
1 week - -. 002 90 400
1 month-.008 400 1, 600
1 year -. 09 5, 000 20, 000

I Reference 7.
2These estimates represent upper limit production

rates assuming boron control rods, boron chemical
shim, and lithium-6 purification resins.

Public Hrealth BRepor

- ------ --

366



Table 2. Calculated tritium concentrations in the coolant of a 1,000 Mwt boiling water

Coolant tritium concentrations (pCi per liter)

Residence time of coolant From From ternary fission2
deuterium
activation 100 percent 10 percent 1 percent 0.1 percent

1 day -0. 002 70 7 0. 7 0. 07
1 week- . 01 500 50 5 . 5
1 month- . 04 2, 000 200 20 2
1 year- .5 30,000 3,000 300 30

Adapted from table II, reference 7.
2 As a function of percent tritium leakage through cladding.

Table 3. Calculated tritium concentrations in the coolant of a 1,000 Mwt pressurized water
reactor 1

Coolant tritium concentrations (,uCi per liter)

Residence time of coolant From From ternary fission 2 From boron in
deuterium coolant3
activation 100 percent 10 percent 1 percent 0.1 percent

1 day ----- 0. 002 70 7 0. 7 0. 07 3-300
1 week- . 01 500 50 5 . 5 200-2, 000
1 month -. 04 2, 000 200 20 2 800-8, 000
1 year- . 5 30, 000 3, 000 300 30 10,000-100,000

1 Adapted from table II, reference 7.
2 As a function of percent tritium leakage through cladding.
3 Varies with boron concentration which decreases with time since last refueling.

oratory of the Bureau of Radiological Health.
If the data for the three boiling water reactors
are compared with the calculated tritium con-
centrations shown in table 2 for a residence time
of 1 month, it can be estimated that approxi-
mately 1.0 percent of the fission-product tritium
diffused through the stainless steel cladding,
whereas only about 0.1 percent diffused through
the zirconium cladding.
A similar comparison of the primary coolant

tritium activities in PWR plants shown in
table 5 with the calculated values in table 3 indi-
cates that boron in the coolant appears to be the
predominant source of tritium in the primary
water. Based on a residence time of approxi-
mately 1 month, the only other source which
could produce the observed levels would have to
be leakage of almost all the fission-produot trit-
ium from the fuel. There is no apparent basis
for assuming a higher tritium leak rate from the
fuel of a pressurized water reactor than that
estimated for a boiling water reactor.

Discharges From Nuclear Powerplants
Tritium which has entered the coolant of a

nuclear reactor can reach the environment by
several pathways. The number of pathways
available and the relative amount of tritium
discharged by each route depend upon the re-
actor design and reactor type.
Boiling water reactors. In a boiling water

reactor the primary coolant flows through the
reactor core, is converted to dry steam and then
is fed to the turbine generator to produce power.
The coolant is returned to the reattor through a
condenser which removes the excess heat still
remaining in the steam. The condenser cooling
water and the reactor coolant are in close prox-
imity in the condenser. This interface is main-
tained under a vacuum so that any leakage
would be into the reactor and not to the en-
vironment.
Air ejectors on the condenser remove the oxy-

gen and hydrogen produced by the dissociation
of water in the reaetor, air which has leaked
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into the condenser, and residual water vapor.
The air and nonoondensable gases are dis-
charged to the plant stack through the off-gas
system. Tritium in the form of elemental hy-
drogen gas may be discharged through the air
ejector but a major part of the tritiated water
vapor will be removed by condensation. Because
of the long radiological half-life of tritium, its
concentration in the gaseous stack effluent is not
reduced by the 30-minute delay of waste gases
in the system.

Pressurized water reactors. A pressurized
water reactor consists of two coolant systems.
The primary system conducts superheated
water through the reactor core to steam genera-

tors and returns it to the reactor. The steam
generator consists of rows of U-shaped tubes
through which the heated primary coolant
passes. Surrounding the tubes is the secondary
coolant.
Because of a pressure difference between the

primary and secondary system (2,000 pounds
per square inch in the primary as opposed to
about 1,000 pounds per square inch in the sec-
ondary) it is possible to convert the secondary
coolant into steam. The secondary system then
follows a path similar to the primary coolant of
a BWR going tlhrough turbines and the
condenser.
An important difference between boiling and

Table 4. Tritium in operating power reactors 1

Tritium concentration pCi per liter
Power Type of fuel Boron - -

Reactor and type level cladding used in Primary Secondary Discharge
(Mwt) coolant coolant coolant canal

water

A. Pressurized water reactor 600 Stainless steel- Yes 1,560 0. 41 0. 024
B. Pressurized water reactor 585- do-No 2_------ 2-44 (3) . 007
C. Pressurized water reactor 80- do-No 4______. 145 (3) (2)
D. Pressurized water reactor 50 Aluminum No -- 116 .45 .019
E. Boiling water reactor- 256 Stainless steel- No--8.8 () 0)09
F. Boilingwater reactor -240 - do-No -- 13. 3 () . 002
G. Boiling water reactor -700 Zirconium-No-61. 6 (6) 6. 0006

1 Data from Northeastern Radiological Health 6 Not applicable.
Laboratory, Bureau of Radiological Health. 6 Data from Nuclear Engineering Laboratory, Bureau

2 Converted in late 1965 to a stainless steel fuel with of Radiological Health.
ful chemical shim (boron in coolant). NOTE: J. C. Drobinski, Jr., and E. J. Troianello of

3 Not reported. f the Bureau's Northeastern Radiological Health Labora-
'Boron is used for shutdown but not during routine tory analyzed the tritium samples.operation.p

Table 5. Liquid radioactive waste discharges from operating power reactors 1

Total annual Condenser Fraction of AEC
discharge cooling discharge limit
(curies) water concentrations (percent) 3

Reactor and type 2 available
Gross for dilution

activity Tritium (gallons per Gross Tritium 5
less minute) activity 4

tritium

A. Pressurized water reactor -0. 01 1, 300 14, 000 0. 001 -0. 13 0. 16
B. Pressurized water reactor -11. 1 500 260, 000 . 03 -4. 7 . 03
E. Boiling water reactor- . 01 10 28, 000 .0002- . 05 .006
F. Boiling water reactor -1. 3 20 100, 000 . 3 -1. 2 . 0035
G. Boiling water reactor -4. 1 5-10 167, 000 . 3 -3. 8 . 001

I Reference 8.I Corresponds to reactor designations in table 4.
3 Reference 1.
4Applicable limit for continuous discharge for mix-

tures for radionuclides averaged over 12 months was
10-ICi per ml.

5 Applicable limit is 3 X 10-3Ci per ml.
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pressurized water reactors for consideration of
tritium releases is that in a PWR, leakage be-
tween the primary and secondary coolants must
occur before the secondary systen will be con-
taminated by tritium or other fission products.
As shown in table 4, the tritium concentration
in the secondary coolant of pressurized water
reactors is only a small fraction of the primary
coolant concentration. Thus, a much smaller
amount of the tritium will be discharged in the
form of elemental hydrogen through the con-
denser air ejector of a PWR as compared with a
BWR.

Release of gaseom tritiumn. The amount of
tritium discharged from both boiling and pres-
surized water reactors in a gaseous form is only
about 1 percent of the total tritium discharge
(7). Most of the tritium is released as tritiated
water together with the liquid radioactive waste.
In both types of reactors, a small part of the
primary coolant water is continually drawn off,
depressurized, cooled, and purified to remove
fission and activated corrosion products.
The coolant stream is purified by filtration

and demineralization which remove insoluble
and soluble radionuclides. Gaseous activity,
mainly noble gases and coolant activation prod-
ucts, is removed during coolant depressuriza-
tion and then transferred to the gaseous radio-
active waste processing system. Traces of
tritiated water vapor and gaseous tritium are
released from the coolant during this process.

Release of tritium in liquid wastes. Because
tritium is in the form of tritiated water, it is not
removed from the coolant by either filtration or
ion-exchange. The purified water containing
tritium may be transferred back to the reactor
coolant system, stored for future use, or trans-
ferred to the liquid radioactive waste processing
system.
The primary coolant is not continuously dis-

charged to the waste disposal system. Leakage
of the coolant from reactor coolant pumps and
other components, however, can occur. This
waste will be collected by the plant drainage sys-
tem which drains to the liquid holdup tanks of
the waste processing system.
The largest discharge of primary coolant to

the waste treatment facility usually occurs
after the reactor has been shut down for fuel
reloading or maintenance. During fuel loading,

water is added to the reactor cavity to provide
radiation shielding and heat removal for the
spent fuel elements as they are transferred
from the reactor to the spent fuel storage pit.
The refueling wlater can mix freely with the

reactor coolant and before startup this excess
water must be drained from the reactor vessel.
This excess water represents a considerable
volume of the liquid processed by the radioactive
waste system. It also contains considerable boron
and, therefore, leads to additional tritium pro-
duction after startup of the reactor. Liquid dis-
placed by expansion of the reactor coolant as
the plant power level increases during startup
is also carried over to the waste processing
system.

If the radioactivity level is sufficiently low,
as determined by radiochemical analysis, the
purified coolant may be discharged to the
environment with the condenser cooling water.
Liquid radioactive wastes consisting of purified
reactor coolant, laundry wastes, and leakage
from pumps and valves are stored in holding
tanks before treatment. Treatment processes
may include filtration, demineralization, or
evaporation.
Although these processes are effective in

reducing the oncentration of other radio-
nuclides by several orders of magnitude, gen-
erally they have no effect on tritium removal.
The tritium is discharged to the condenser cool-
ing water at almost the same concentration as
in the reactor coolant except for a small amount
of dilution by nontritiated wastes. The effluent
concentrations are much lower, however,
because of the large amount of dilution pro-
vided by the condenser cooling water.
Table 5 shows annual liquid radioactive

waste discharges for several operating nuclear
reactors. Tritium mjay comprise between 50 and
almost 100 percent of the total amount of radio-
active material discharged as liquid waste.
Tritium discharge concentrations, however, are
usually much less than 1 percent of the dis-
charge limit as specified by the Code of Federal
Regulations (1).
Tritium Detection
Tritium is undetectable by conventional

methods of gross radioactivity analysis. Be-
cause tritium is usually in the form of tritiated
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water, it is usually evaporated during the pro-
cedures used to prepare water samples for
radioactivity analysis. In addition, because of
the low energy of the beta particle emitted
during the decay of tritium, it is not detected
by conventional gross beta counting techniques
or in-line plant monitors.
As a result of these limitations, special ana-

lytical techniques such as liquid scintillation
counting must be used to measure tritium.
Limits for the discharge of unidentified mix-

tures of radionuclides cannot be correctly ap-
plied to tritium and due to the lesser biological
hazard resulting from tritium, would be un-
necessarily restrictive. The analytical techniques
used to measure the activity of these mixtures
usually include gross beta analysis, and since
this technique is insensitive to tritium it would
not be detected. Tritium may be separated from
most other radionuclides by distillation of trit-
iated water. Tritium analysis can be made on
the distillate using liquid scintillation counting.
Conventional gross beta counting techniques can
be used for the residue. The discharge limit can
be calculated by ratioing the measured concen-
trations to the appropriate discharge limits
(3 X 10-3ACi per ml. for tritium and 3x 101Ci
per ml. for unidentified activity measured by
gross beta analysis) and summing them. The
limit 3 x 10s,Ci per ml. may be raised to 10-7.uCi
per ml. if 1" I, 226 Ra, and 228 Ra are known to be
absent. If the sum of the ratios is less than 1.0,
the mixture may be released to the environment.
If greater than one, further analysis or dilution
is necessary before the liquid can be released.
Tritium Surveillance by BRH

Since 1964, the Radiation'Surveillance Branch
of the Bureau of Radiological Health has been
operating a tritium sampling network which
collects weekly samples of water for tritium
analysis from 10 locations throughout the
Uni-ted States. Eight stations are downstream
from nuclear facilities, and the other two serve
to establish baseline levels. Samples from this
network are analyzed monthly by the Bureau's
Southeaste Radiological Health Laboratory.

Results of the analysis of samples from the
tritium sampling network are reported period-
ically in Radiological Health Data and Reports

Projected cumulative iity of tritium pro.
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(9, 10). A special project to study tritium in
surface waters of the western States is currently
being conducted by the Southwestern Radio-
logical Health Laboratory.
Environmental tritium concentrations re-

ported by the tritium sampling network for
1964-66 ranged between 2X10 and 2X10-5
microcuries per milliliter (2-20 nCi per liter)
(9, 10). Population exposure rates from con-
tinuous ingestion of this water would range
from 0.33 to 3.3 mrem per year. The maximum
concentration reported would contribute less
than 3 percent of the normal average population
exposure rate of 125 mrem per year from all
natural sources of radioactivity (3).
The results obtained from this sampling net-

work indicated, with one exception, that waters
downstream from nuclear facilities did not show
any significantly higher tritium concentrations
than streans which did not have operating nu-
clear reactors on them (9). The one exception
was a plantsite with several operating heavy-
water moderated reactors on it Releases of trit-
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ium in the liquid wastes from this plant did
elevate tritium concentrations in the adjacent
river above background levels. Tritium con-
centrations, however, amounted to less than 1
percent of the Atomic Energy Commission's
discharge limit of 3 X 10-3pCi per ml.
A study by the nuclear engineering depart-

ment of the University of Cincinnati, under a
contract with the Bureau of Radiological
Health, is developing projections of future
radionuclide inventories based upon predicted
growth trends in the nuclear power industry
(11). The estimated tritium activity produced
by increasing utilization of nuclear energy for
electric power production forecast from this
study is shown in the chart together with esti-
mates made by the Oak Ridge National Labora-
tory (12). Based upon these projected levels,
the total tritium produced from nuclear power
facilities in the year 2000 will be more than 108
curies or approximately 5 percent of the maxi-
mum tritium activity present in 1963. At pres-
ent, tritium releases from operating power
reactors are only a small fracion of the dis-
charge concentrations permitted by the Code
of Federal Regulations and do not constitute
a danger to health. The Public Health Service
will continue to monitor the environment in the
vicinity of nuclear reactors and fuel reproc-
essing plants and will evaluate any buildup of
tritium in terms of a future hazard to health.
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