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FOREWORD

The Primer on TritiumSafe HandlingPracticesis approved for use bgll DOE
Components. It was developed as an educational supplement and reference for operations and
maintenance personnel involved in tritium handling. This Primer is intended to help operations
and maintenance personnel perform their duties safely by increasing their knowledge of tritium
handling and control, thus reducing fit@lihood of tritium releases arekposures, and by
providing basic emergency responses in the case of a tritium release.

The Department of EnergDOE) Primersare a set ofundamental handbooks on
safety-related topics of interest in the DOE Complex. The Primers are written as an educational
aid for operations anghaintenance personnel. The Primatempt tasupply information in
an easilyunderstandable form which will help thgrarform their duties in a safe and reliable
manner. Persons trained in other technical areas may also find the Primers useful as a guide or
as a reference source for further investigation.

The DOEPrimer series drawiseavily uponthe subject-specific Primers and training
materials previously developed by DOE sites (Savannah River, Rocky Flats, and Mound) and
is intended for distribution t@all DOE contractors. Information is also drawn from the
applicable volumes of tlBOE Fundamentals Handboalkries developed by the DOE Office
of Nuclear Safety Policy and Standards. References to other material sources are indicated in
the text where applicable and a bibliography is included.

Beneficial comments in the form of recommendations and any pertinent data that may
be of use in improving this document should be addressed to

John A. Yoder

EH-63/GTN

U.S. Department of Energy
Washington, D.C. 20585
Phone (301) 903-5650
Facsimile (301) 903-6172

by usingthe U.S. Department dnergy Standardization Document Improvemierdaposal
Form (DOE F 1300.x) appearing at the end of this document or by letter.

Key Words: Hydrogen, Tritium, Half-life, Radiation, Beta particles, Contamination, Health
Physics, Monitoring, Bioassay, Metabolism, Emergency Response
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OVERVIEW

Tritium Safe Handling’racticeswas prepared as an information resource for personnel
who perform trittumhandling functions aDOE facilities. A basic understanding of the
properties and hazards asated with tritium will help personnel understand the impact of their
actions on the safe and reliable operation of facility systems.

Tritium SafeHandling Practicexontains an introduction and sections on the following
topics:

Radiological Fundamentals

. Physical and Chemical Properties of Tritium

. Biological Properties of Tritium

. Tritium Monitoring

. Radiological Control and Protection Practices
. Emergency Response

This Primer is provided as an information resource only, and is not intended to replace
any radiation worker or hazardouosaterials training. The Primer presetite theoretical
concepts and good practices that form the basis of safe tritium handling.

Specificreferences have been citedfastnotes.and a bibliography iavailable at the
end of the Primer. These sources provide further reading and specific guidance. This document
contains selected information from tHealth Physics Manual of Good Practices for Tritium
Facilities, which was prepared by EG&G Mound Applied Technologies at the Mound tritium
facility. The authors acknowledge their expertise and experience.

Tritium Rev. 0
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INTRODUCTION

This Primer is designed for use by operations ama@ihtenance personnel to improve their
knowledge of tritium safe handlingactices. It is applicable to many job classifications and can

be used as a reference for classroom work or for self-study. It is presented in general terms so that
it can be used throughout the DOE Complex.

The information in this Primer should enable the reader to do the following:
. Describe methods of measuring airborne tritium concentration.

. List the types of protective clothing that are effective against tritium uptake from surface
and airborne contamination.

. Name two methods of reducing the body dose after a tritium uptake.

. Describe the mostommon method fodeterminingthe amount ofritium uptake in the
body.

. Describe the steps to take following an accidental release of airborne tritium.

. Describe the damage to metals that results from absorption of tritium.

. Explain how washing hands or showering in cold water helps reduce tritium uptake.

. Describe how tritium exchanges with normal hydrogen in water and hydrocarbons.

The organization of thBrimer is as indicated tme Overview. Théollowing section contains
background information on "Radiological Fundamentalibsefamiliar with these topics may
elect to skip this section andegin reading athe section entitledPhysicaland Chemical
Properties of Tritium." Additional information about tritium is available from the sources listed in
the "Bibliography" section.

Rev. 0 Page 1 Tritium
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RADIOLOGICAL FUNDAMENTALS

This section provides a review of radiological fundamentals. reaéer is assumed to be
familiar with this information from radiological work&rining. The section discusses hydrogen

and its isotopes and describes basic radiological concepts.

Hydrogen and Its Isotopes

Atomic nuclei of gparticular element (such as hydrogen or oxygen) have the same number of

protons (positivelycharged), bumay have alifferent number oheutrons (no net charge).

Those that have a different number of neutrons are isotopes of that element. Most elements exist

in nature in several isotopic form&.or example, hydrogen hase proton.The isotopes of

hydrogen either have no neutrons (normal hydrogen, called protium), one neutron (deuterium),

or two neutrons (tritium) (Figurg). Although isotopes of an element have alntbstsame
chemical properties, the nuclear properties can be quite different.

1. Protium -1H (1 proton, 1 electron)
-Stable (not radioactive)
-Comprises 99.985% of natural hydrogen.

: 2
2. Deuterium - 4H or D (1 proton, 1 neutron, 1 electron)
-Stable (not radioactive)
-Comprises 0.015% of natural hydrogen.

@ o)
Q)
W) .

3. Tritium -%H or T (1 proton, 2 neutrons, 1 electron)
-Radioactive _
-Comprises 10 ~~parts of natural hydrogen.

Figure 1 Hydrogen isotopes

Rev. 0 Page 3 Tritium
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Nuclear notation uses the chemical symbol (H for hydrogen) and an arrangement of subscripts
and superscripts. The total number of protons and neutrons is shown as a supérscript: H for
protium,?H for deuterium, aiid H for tritium. Theimber ofprotons(which identifies the
element) is shown as a subscript. However, the common practice of using H, D and T for these
isotopes, respectively, will be followed in this document, except where nuclear reactions are
illustrated.

The atomic masses, symbols, and natural abundances of the three isotopes of hydrogen are given
in Table 1.

Table 1 Hydrogen isotopes

Symbol
Mass
Natural Abundance (mass
Physical Common Name (%) units)
H H Protium 99.985 1.007825
’H D Deuterium 0.015 2.01400
*H T Tritium 1 x 10" 3.01605

Sources of Tritium

Tritium occursnaturally inthe environment. Reactions between cosmic radiation and gases in
the upper atmosphere produce most of the world's natural trittum. For example,

14 1, 3 12
7N+ N H+ 556G

Tritium converts into water and reaches the earth's surface as rain. An estimated production
rate of 4 x 10 Cilyr results in a world steady-state natural inventory of ~70 x 10 Ci.

In addition, commercial producers of radioluminescent and neutron generator devices release
about 1 x 10 Ci/yr. Atmospheric nucldastexplosions from 1945 to 1975 added about

8 x 10 Ci of tritium to the environment, much of which has since decayed. However, about
5 x 10 Ciremain in the environment, mostly diluted in the oceans. Underground nuclear tests
appear to add little tritium to the atmosphere. The nuclear power and defense industries now

a. The curie (Ci) is a unit of activity defined as 3.7¥10 disintegrations per second (dps). A more basic unit
is 1 dps, which is the definition of the becquerel (Bqg). Throughout this Primer, the curie will be used instead
of the becquerel.

Tritium Page 4 Rev. 0
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release 1-2 x 20 Cilyr,small fraction of which comes from light-water reactors. Tritium is
also a by-product of light-water and heavy-water nuclear reactor operation. In their coolants,
these reactors produce about 500 to 180D 2 x 10 Cilyr, respectively, fevery 1,000

MW(e) of power. Tritium is a fission product within nuclear fuel, generated at a rat@ of 1

x 10" Ci per year/1000 MW(e)U.S. DOE reactors have produdgitium by the neutron
bombardment of lithium®( Li).

Stable and Unstable Nuclides

In the lighter elements, the ratio of neutrons to protons in their stable nuclei is usually 1 (one
neutron for every proton). For the heavier elements, this ratio gradually increases to about 1.5
(1.5 neutrons for every proton). Although one cannot always predict from its ratio whether an
isotope is stable or unstable, tiedationship betweetihe number ofprotonsand neutrons is
extremely important.

When an isotope is unstable, igcleus will emit rays or particles orntay split into two

different nuclei. Some combinations of neutrons and protons lead to stable nuclei. If there are
too many or too few neutrons, the resulting nucleus is not stable. This unstable nucleus tries
to become more stable by releasing excess energy. Atoms with unstable nuatibactive

The process of nuclei releasing this energy is referredredasactive decayr disintegration

(Figure 2). If a nucleus is still unstable after radioactive decay, further decay will occur.

Particles emitted
Unstable nucleus accompanied by /

excess energy

o~

)/’

Figure 2 Radioactive decay

lons and lonization

Atoms can combinehemically to form moleculesAtoms and moleculesre surrounded by
orbiting electrons (negatively charged). If the number of electrons equals the total number of
protons(positively charged) in the nucleus, the atommolecule is neutral (uncharged).

Rev. 0 Page 5 Tritium
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Electrically charged atoms or molecules are catled lons are either positively or negatively
charged, depending on the number of orbiting electrons relative to the number of protons in the
nucleus. As shown in Figure 3, ions with more electrons than protons are negatively charged,
while ions with more protons than electrons are positively charged. The process of breaking a
neutral atom or molecule into electricaliiharged parts isalledionization This process
requires energy. lonization removes electrons from the atom, or molecule, leaving an ion with
a positive charge. The negatively charged electron (which can attach itself to a neutral atom or
molecule) andhe positively charged ion, arealled an ion pair. Radiatiothat causes
ionization is calledonizing radiation

Net . Net
Neutral Excess » hegative Deficient positive
atom electrons charge electrons charge

=)
(n)
* )

S
Captured
electron

Free
@ electron

Figure 3 Neutral and ionized atoms

Types of Radiation

There are foubasic types ofonizing radiation emitted from nuclei: alpha particles, beta
particles, gamma rays, and neutrons.

. alpha particle ¢)—consists otwo protonsandtwo neutrons and is theame as the
nucleus of a helium atomi ( He) (Figure 4). Generally, only the heavy nuclides can emit
alpha patrticles.

A typical example of ar-emitting nuclide is uranium-238:

238 234
wU- a + %5 Th + energy .

The mass of an alpha particleaisout fourtimesthe mass of a single neutron or proton, and
has a positive charge of +2 (it has no electrons). This positive charge causes the alpha particle

Tritium Page 6 Rev. 0
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2 neutrons, 2 protons
no electrons
é

Figure 4 Alpha particle (or nucleus of a helium atom)

to ionize nearbytoms as it passes through body tissue. sttmngpositive charge and its
relatively slow speed (resulting from its large mass) causes the alpha particle to interact strongly
with orbiting electrons of atoms and molecules and to lose large amounts of energy in a short
distance. This limits the penetratilgility of the alpha particle, making it easy to stop. A few
centimeters of air, a sheet of paper, or the outer layer of skin stops alpha particles (Figure 5).

4

Paper or outer layer of skin

Figure 5 Alpha shielding

Alpha patrticles are not an external radiation hazard because they are easily stopped by protective
clothing or the outer layer of skin. However, if an alpha emitter is inhaled or ingested, it becomes
an internal radiation hazard. Because the source is in close contact with body tissue, the alpha
particle will dissipate its energy in a short distance of the tissue.

. beta particle 3)—is equivalent to an electron excdpt its source. Beta-emitting
nuclides have too many neutrons. A neutron enfitparticle, and the neutron is then
converted to a proton. Tritium decay provides a good example of this process:

iH - B +3He + energy .

Rev. 0 Page 7 Tritium
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A [ particle is identical to aalectron, and its mass and charge areséimee ashose of an
electron. As in the case of alpha particles, beta particles ionize atoms by removing electrons
from their orbits. This reaction occurs from charged particle interactions or "collisions" with
orbiting electrons.

Beta particles penetrate further than alpha particles of the same energy. A high-energy beta
particle can penetrate a few centimeters of organic tissue. The higher the energy, the greater
the penetrating ability. However, le@nergy beta particles of tritium can be shielded by skin,
paper, or only about 6 mm of air.

. gammaray (y)—is emitted when the nucleus of a nuclide releases stored energy without
releasing a particleMany gamma-emitterare found among theroducts ofnuclear
fission.

During pure y emissionthe nucleusdoes notemit particles or change its nuclear
structure or chemical characteristics. For instance,

EX -y +5X .

Gamma radiation is in the form of electromagnetic waves (or photons). Gamma rays are similar
to x-rays, but they differ in their origin and energy. Gamma rays originate within the nucleus,
and x-rays originate outside the nucleus.

Gamma rays have a very higienetrating powebecause they have no chargeneass.
Depending on their energy, a stream of gamma rays may penetrate with gradually diminishing
intensity through several inches of concrete or similar matdiedy can be shielded effectively

by very dense materials, such as lead and uranium. Gamma rays are a whole-body hazard. That
is, because of their penetratiability, the damage caused ggmma rays isot restricted to

any particular body organ.

. neutron (n)—may be emitted spontaneouslyi®avy nuclei during fission or may be
emitted duringadioactive decay. Theyre uncharged particléisat have masand a
high penetrating ability.

A neutron hasbout 2,00@imesthe mass of an electron, but only one-fourth the mass of an
alpha particle. Neutrons adéficult to stopbecause they lack a chargdeutronsmainly
interact with matter by striking hydrogen nuclei or interacting with the nucleus of atoms. These
collisions generallgause charged particles atherradiation to be emitted. These particles
may then ionizether atoms.Collisionsbetween neutronsand hydrogen nuclei (protons) are
effective instopping or slowinglown high-energyneutrons. Neutrons are besielded by
materials with a high hydrogen content, such as water or plastic (see Figure 6).

Tritium Page 8 Rev. 0
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Faper Steel Water or Plastic

Figure 6 Neutron Shielding

Radio
activity

As radioactivasotopes decay, theumber of radioactivaucleidecreases. Theme required

for half ofthenuclei in a sample of specific radioactive isotope to undergo decay is called its
(physical) half-life(Figure 7). Each radioactive isotopeas itsown characteristitalf-life.
Radioactive isotopes decay to lédsan 1% of their original quantity after about seven half-lives.

Half-lives vary widely with different radionuclides, as shown by the following examples:

N - 7.35 seconds
*H - 12.43 years
By - 4.5 x 10years (4.5 billion years)

The activity of aradioactive isotopsample is defined ahe number of nuclethatdecay per
unit of time.

It has been shown that for a pure radioactive isotope the number of nuclei decaying per unit time
(rate ofdecay) is proportional to theumber of nuclei available ecay. If the substance is

not being replenished, its activity will decreaseordigly. Therefore, in terms of half-life, the
remaining activity after a period of time can be expressed as follows:

A=A x((1/2) or AIA=2

Rev. 0 Page 9 Tritium
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100

50

25 F

125

6.25 |
3.12

% Remaining radioactive atoms or nuclei

Time (half-lives)

Figure 7 Half-life example

where:
A, = the initial activity (Ci)
A, = activity after elapsed time, t (Ci)
n = number of half-lives during elapsed time, equal tg,t/T , where
t = elapsed time (time units)
T = half-life (time units).

For example, assume we hastered10,000 Ci of tritium. How many curies will be left after
50 years of storage?

A,  =10,000 Ci

n = 50/12.43 = 4.02
A=A, (12
A, =10,000 (1/2y°

= 10,000 x 0.062
=620 Ci (approximately)

Tritium Page 10 Rev. 0
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PHYSICAL AND CHEMICAL PROPERTIES OF TRITIUM

This section reviewghe nuclear properties of tritium and discusses of somephysical and
chemical properties that are important wmnderstanding tritium handling, containment, and
contamination control.

Nuclear and Radioactive Properties

Being anisotope of hydrogertritium hasmany ofthe properties of ordinary hydrogen (such as
chemical reactiongpermeability, andabsorption). Differencesmay occur because théecaying
tritium atoms can speed up (catalyze) reactions of undecayed tritium, or becausthatdage
undergone decay have changed helium atoms3( He). Additionally, small differences in chemical
reaction rates may result from the relative masses of the isotopes.

Some of the useful properties of tritium are listed in Table 2. Note that the properties listed are those

of T,. Thespecific activityand power density of HT and DT are approximately one-half those for
T,. The activity density of HT and DT is exactly one-half thatof T .

Table 2 Important nuclear properties of tritium

Half-Life 12.43 yrs
Specific Activity 9,545 Cilg
Power Density 0.328 W/g
Activity Density
(T, gas, 1 atm, @C) 2.589 Ci/cm
(T, gas, 1 atm, 2%C) 2.372 Cilcd

Penetration Depths of Beta Patrticles

The penetration and absorption of beta particlesnmragrialare important factors for detecting
tritium and understanding the mechanisms by which tritium can degrade materials. A beta particle
interacts with matter by colliding with electrons in the surrounding material. In each collision, the

Rev. 0 Page 11 Tritium
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beta particle may lose several electron volts (keV) of energy, and the electron is stripped from its
atom (ionization) or promoted to an excited state. The beta particle has a finite penetration depth
that depends on its energy.

Recall that tritium undergoes beta decay according to the following equation:
IH- f +3He + energy .

The helium daughter; ( He) is stable, but lighter than common helium ( HeecCHyedergy

is constant (18.6 keV), but is shared between the beta particle and an antineutrino (a tiny particle).
The result is that nadll beta particles have tteame energy. The average energy.’skeV.
Consequentlynot all tritium betas havéhe same penetratiodepth in agiven material. Where

beta ranges argiven, it is customary to lidboth thehighest energy anthe average, most
representative energy, as listed in Table 3.

Table 3 Penetration depths of tritium betas

E@B) Penetrati

Material (keV) on Depth
T, gas, STP 5.7 0.26 cm
T, gas, STP 18.6 3.2cm
Air, STP 5.7 0.036 cm
Air, STP 18.6 0.45 cm
Water, soft tissue 5.7 0.42 pm
(and oils/polymers of
density~ 1)
Water, soft tissue 18.6 5.2 um
(and oils/polymers
of density~ 1)
Stainless steel 5.7 0.06 um

a. STP = Standard temperature@pand pressure (760 Torr).

b. An electron volt is a small unit of energy used in descriptions of nuclear and chemical reactions.
It equals the energy gained by an electron when it moves across a potential of 1 volt.

Tritium Page 12 Rev. 0
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With one unimportant exception, tritium is the weakest beta emitter known. The range of the
most energetic tritium beta particlesoisly about 5 mm irair or 0.005 mm in water or soft
tissue. This range makes it a nonhazartside the body, but presents a detegbimilem.
Whereother radioisotopes can be detected by virtue of their penetrating radiation, tritium has
to be introduced directly inside the detector or counter to be measured.

Chemical Properties

Laboratories that have large quantities of tritium usually handle it in the form of HT. However,
at any timethe tritium may bestored onmetalgetterbeds (such as titanium, zirconium, or
uranium). These beds form wealenticalcompounds with hydrogen. Some of the beds are
stable in air; andthers are noand caronly beused in certain atmospheres. The tritium is
released (or delivered) by heating the beds to the required temperature.

Laboratoriesmay also handletritiated gases (such asmmoniaand methane) andther
compounds. By far the most common of these is HTO, which is formed from HT whenever it
is exposed to oxygen or water vapor. The conversion reactions are oxidation and exchange:

oxidation

2HT + O, - 2HTO

2T,+0Q,- 2T,0

exchange

HT + H,0 -~ H, + HTO

T, + H,0~ HT + HTO

These reaction rates are increased by radiation (from nearby tritium at high concentrations),
heat, or the presence ofetal catalysts (especialpalladium or platinum). All chemical
reactions involving hydrogen can also be performed with tritium, sometimes at a higher rate
if the tritium concentration is high enough to catalyze the reaction. One of the most important
reactons occurs when a tritium atom exchanges with a loosely bonded hydrogen atom of an
organic molecule. However, where HT is dissolved in water (H O), the exchange process is
fairly slow because the hydrogen in is tightly bonded and the reaction is not catalyzed.

Rev. 0 Page 13 Tritium
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Contamination

Tritium as HT or HTO will readily adsorb onto the surface of most metals (such as stainless
steel, copper, or aluminum), plastics, and rubbers. The tritium will remain fairly close to the
surface unlesthe metal is heated to laightemperature. At room temperature, permeation
into these metals is usually extremely slow.

In the case ofmetal contamination, the tritium remains on or very close to the surface. The
contamination can be removed with water or water vapor if the surface is contaminated with
HTO or with hydrogen (K or D ) if the contaminatiorH$. Heating also speeds up the
decontamination process. The initial application of heat to sudaoeslso be used to prevent

or lessen the contamination by HT or HTO. Metal surfaces exposed to high pressures of HT
or HTO for extended periods, especially at high temperatures, may allow enough penetration
to cause structural damage to the metal. This is especially true if the decaying tritium causes
a buildup of helium within the structure of the metal.

If adsorbed onto hydrogenous material, the tritium will easily permeate into the material. The
HTO will move muchmorerapidly intothe bulk material than wilHT. The permeation rate

varies with the type of material and is accelerated by increasing the temperature. As a result of
this movement, plastics andibbers exposed to tritiurtespecially as HTOpre readily
contaminated deep into the bulk material and are impossible to decontaminate completely. After
a period of time, the tritium exchanges with bulk hydrogen and presents little biological risk.

Highly contaminated metal or plastic surfacesyrelease some of the loosely-bound tritium
immediately after exposure thhe contaminating tritiated atmosphere or liquid. This is referred
to as outgassing. The personnel risk from outgassing tritigenerally much lesthan that
from making unprotected skin contact with the outgassing surface.
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BIOLOGICAL PROPERTIES OF TRITIUM

At most tritium facilities, the most camonly encountered forms of tritium are tritium gas (HT)

and tritium oxide (HTO). Other forms of tritium may be present, such as metal tritides, tritiated
pump oil, andritiated gases such as methane and ammonia. As noted earlier, deuterated and
tritiated compounds generally have the same chemical properties as their protium counterparts,
although some minor isotopic differencesreaction rates exist. These various tritiated
compounds have a wide range of metabplhgperties in hum@ns under similar exposure
conditions. For example, inhaled tritium gas is only slightly incorporated into the body during
exposure, and the remainder is rapidly removed (by exhalation) following the exposure. On the
other hand, tritiated water vaporreadily taken up and retained in the bogwter. In this

Primer, we will address only thosenspounds likely to be found at DOE laboratories: gaseous
tritium, tritiated water, other tritiategpecies, metiét getters,andother tritiatediquids and

gases.

Metabolism of Gaseous Tritium

During a brief exposure to tritium gas, the gas is inhaled and a small amount is dissolved in the
bloodstream. The dissolved gas circulates in the bloodstream before being exhaled along with
the gaseous waste products (carbon dioxide) and normal water vapor. If the exposure persists,
the gas will reach other body fluids. A small percentage of the gaseous tritium is converted to
the oxide (HTO), moslikely by oxidation in the gastrointestinal tracEarly experiments
involving humarexposure to a concentration of 9 pCi/mL resulted in an increase in the HTO
concentration in urine of.7 x 16*° uCi/mL per hour of exposure. Although independent of

the breathingate,this conversion can be expressedresratio of the HTbuildup to the

tritium inhaled as HT at a nominlateathingrate (20L/min). In this context, the conversion

is 0.003% of the total gaseotrgium inhaled. More recenexperiments witlsix volunteers
resulted in a conversion 6f005%. For gaseoustium exposures, ther@retwo doses: (a)

a lung dosdrom the tritium in the air insidethe lung and(b) a whole bodydosefrom the

tritium gas that has been converted to HTO. The tritiated water converted from the gas in the
body behaves as an exposure to tritiated water.

Intake of gaseous tritium through the skin has been found to be negligible compared with that
from inhalation. Small amounts of tritium can enter the skin through unprotected contact with
contaminated metal surfaceghich results inorganicallybound tritium inskin and in urine.
Ordinarily this isnot aserious problem because surfaces highly contaminated with tritium gas
are inaccessible to skin contact. Also, most tritaxposed to air will be converted to the oxide
form (water vapor) before thaternal surfaces of equipmeatehandled during maintenance

or repair operations.

Metabolism of Tritiated Water

The biological incorporation (uptake) of airborne HTO can be extremely efficient: up to 99%
of inhaledHTO is taken into the body by tl&culating blood. Ingesteldquid HTO is also
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almost completely absorbed by the gastrointestinal tract and quickly appears in the blood stream.
Within minutes, it can be found in varyimgncentrations in the organs, fluids, and tissues of

the body. Skin absorption of airborH& O is also importangspecially durindgiot weather,
because of the normal movent of water through the skin. For skin temperatures between 30
and 40 C, the absorption of HTO is about 50% of that for HTQntalation (assuming an
average breathingate associatedith light work, 20L/min). No mattehow it is absorbed,

the HTO will be uniformlydistributed inall biological fluids withinone totwo hours. This

tritium has a retention that is characteristic of water. In addition, a small fraction of the tritium

is incorporated into easily exchanged hydrogen sites in organic molecules. Hence, retention of
tritiated water can be described as the sum of several terms: one characteristic of body water,
and one or more longer-term components that représtumin incorporated into organic
hydrogen sites.

Metabolism of Other Tritiated Species

Most tritium handled in laboratories is the form of tritiated gas or tritium oxide. However,
tritium handling operations may form other compounds, such as tritiated hydrocarbons and metal
tritides. Tritium may also contaminate surfaces and liquids such as pump oil. These materials
may present special safe handling problems.

Metallic Getters

Although manymetalsarecommonlyused for getteringchemically combiningvith) tritium,

little information on their metabolic properties is available. Some of these compounds (such as
uraniumtritide andlithium tritide) areunstable in air. For these, exposure #&r produces
different results. Uranium tritide, being pyrophoric, releases large quantities of tritiated water;
lithium tritide, a hydroxyl scavenger, releases mostly tritium gas.

Tritides of metals (such as titanium, niobium, and zirconium) are stable in air. For particles of
these tritides, the primary organ of concern is the lungs. Some of the tritium may leach out in
the lung fluids and then be incorporated into the body water. These particles may also produce
organically bound tritium froncontactwith lung tissuewhich would further complicate the
metabolicprocess. However, in laboratories where such tritiatethlsare handled, the
possibility for exposure to airborne particulates of themgals is extremelgemote except in
accident situations.

Tritiated Liquids

Next to HTO, the mostommon tritiatediquid is tritiated vacuum pump oil. Experience at
DOE facilities hashownthat thespecific activities of pump oils carasilyrange from a few
mCi/L to a few tens of Ci/L. The wide range in specific activities may result from variations in
the tritium concentration arntdtal throughput ofritium. Depending orthe history of these
pumps, the tritium may be found as HT, HTO, or tritiated hydrocarbons.
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Next to pump oilsthe next mostommongroup is tritiatedsolvents. All solvents can be
absorbed through the skin and are relatively volatile and toxic. The overall toxicity of tritiated
solvents is usually dominated by the chemical nature of the solvent.

Other Tritiated Gases

If tritium is released in a nitrogen- air-filled glovebox, other tritiated gases may be formed,
such as ammonia and methane. The conversion of tritium to tritiated ammonia is small unless
the tritium concentration is very high. The toxicity of these gases is not believed to be greater
than that of tritium oxide.

Biological Half-Life of HTO

Studies of biological elimination rates of body water in humate black to 1934 when the body

water turnover rate was measured using HDO. Since that time, several additional studies have
been conducted with HDO and HTO. A simple averaghetiata suggests a value of 9.5 days

for the measured biologicdlalf-life of water in thebody with a deviation of +50%.
Calculations based on total fluid intake indicate a similar value. This is reasonable because the
turnover rate of HTO should be identical to that of body water. In other words, the biological
half-life of tritium is a function of the average daily throughput of water.

The biological half-life of HTO has been studied when outdoor temperatures varied at the time
of tritium uptake. The data suggest that lgatal half-lives are shorter in warmer months. For
example, the 7.5-day half-life measured in southern Nigeria is not surprising because the mean
outdoor temperature there averageSQ7 In contrast, an average 9.5-dasff-life was
measured in North America, where the mean outdoor temperature avera@esSiich findings

are consistent with metabolic pathways involving sensible and insensible perspiration. As such,
the skinabsorption and perspiration pathways can become an imppeagnbfbody water
exchangeoutes. It igmportant to note that personnel who are perspiring will have a greater
absorption of tritium from contact with tritiated surfac€sr planning purposes, it is customary

to use an averadgwlf-life of 10days. However, it inotused to calculate doses from actual
exposures.

Prolonged exposures can be expected to affect the biological half-life. Tritium's interaction with
organic hydrogen can result in additional half-life components ranging from 21 to 30 days and
250 to 550 days. The shorter duration indicates that ongehgecules in the body retain tritium
relatively briefly. The longer duration indicates long-term retention by other compounds in the
body that do noteadily exchange hydrogen titat metabolize morslowly. However, the

overall contribution fronmorganicallybound tritium isrelatively smallthatis, lessthan about

5% for acute exposures and about 10% for chronic exposures. Methods used to compute the
annual limits on intake dadir and water specify only the body water component and include the
assumption of a 10-day biological half-life, as mentioned above.
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Bioassay and Internal Dosimetry

Exposure to tritium oxidéHTO) is byfar the most important type &ftium exposure. The

HTO enters the body by inhalation or skin absorption. When immersed in tritiated water vapor,
the body takes iapproximately twice as much tritiuthrough thdungs aghrough theskin.

Once inthe body, it is circulated by the blood streand finds its way into fluids both inside

and outside the cells.

According to International Commission on Radiological Protection (ICRP) Publication 30, the
derived air concentration (DAE) for tritium g T) and HTO are 540,000 #Ci/m and

21.6 uCilm , respectively. The ratio of these DACs (25,000) is based on a lung exposure from
the gas and a whole body exposure from the oxide. However, awoteaearlier, when a

person is exposed to HT in the air, an additional dose actually results: one to the whole body.
During exposure to HT, a small fraction of the tritium exchanges in the lung and is transferred
by the blood to the gastrointestinal tract where it is oxidized by enzymes. This process results
in a buildup of HTQunNtil the HT is removed bgxhalation athe end of the exposure. The
resultant dose from exposure to this HTO is roughly comparable to the lung dose from exposure
to HT. Thus, the total effective dose from an HT exposure is about 10,000 times less than the
total effective dose from an equal exposure to airborne HTO. For both HTO and HT exposures,
a bioassayrogram thasamples bodyater for HTO isessential for personnel monitoring at
tritium facilities.

Sampling Schedule and Technique

After HTO enters the body, it is quickly distributed throughout the blood system and, within 1
to 2 hours, throughoull water in the body.Onceequilibrium is establishedhe tritium
concentration is found to be tsame in samples &ood, sputum, and urindg-or bioassay
purposes, urine is normally used for determining tritium concentrations in body water.

Workers who may be or who have been exposed to tritium are normally required to submit urine
samples for bioassay periodically. Tésmmplingperiod may be daily, biweekly, olonger,
depending on the potential for significant exposure.

Special urine samples are normally required after an incident or a work assignment with a high
potential for exposure. After@ossibleexposure, the workeshould emptythe bladder 1 to

2 hours later. A sample taken after the bladder is emptied should be reasonably representative
of the body water concentration. A sample collected before equilibrium is established will not
be representative because of dilution in the bladder, or because of initial high concentration in
the blood. However, any early sample may still be useful as a sign of the potential seriousness
of the exposure.

C. The DAC is defined as that concentration of a gas, which, if a worker were exposed to it for one
working year (2,000 hours), would result in an annual dose of 5 rem.
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A pure HT exposure is considered asombination of a lungxposure fronthe HT and a

whole body exposure from HTO. The HTO comes from the conversion of HT dissolved in the
blood. The whole body dose can be determined as outlined above by analysis for HTO in the
urine. Becaus#he effectivedoseequivalents fronthe lung and whole bodgxposures are

about equal, the totalffectivedose can be obtainednservatively by multiplyinghe HTO

whole body dose by 2. However, in general, this is too conservative because a release of pure
tritium gas withless than 0.01% HTO is highly unlikely. With only a slight fraction (~0.1%)

of HTO in the air, the total effective dose is essentially the HTO whole body dose determined
by bioassay.

As noted above, tritium-labeled molecules in the skin result from contact with metal surfaces
contaminated wittHT. This form is associated with a londaailf-life. Lung exposure to
airborne metal tritides may also cause unusual patterns of tritium concentrations in body water
because of the slow release of tritium to the bloodsstrelf such exposures are possible at the
facility, it is good practice to follow the elimination data carefully and to look for organically
bound tritium in the urine.

The results of théioassay measurements and their contributiothéoworker's dose and
general health must be shared with the worker in a timely fashion.

Dose Reduction

The committed dosollowing anHTO exposure iglirectly prgortional to thebiological

half-life, which inturn is inversely proportional to the turnover rate of body water. This rate
varies from individual to individual. Such things as temperature, humidity, work, and drinking
habits may cause rate variations. Although the average biological half-life is 10 days, it can be
decreased by simply increasing fluid intake, especially diuretic liquids such as coffee, tea, beer,
and wine. Even though thHelf-life may be easilyeduced to 4 to Blays in this way, a
physician must be consulted before persons are placedegingnthat might affect their

health. Chemical diuretics require medical supervision because the resultant loss of potassium
and other electrolytes can be very serious if they are not replaced. Such drastic measures can
result in a decrease in half-life to 1 to 2 days. Even more drastic is the use of peritoneal dialysis
or a kidney dialysis machine, which maduce thdalf-life to 13and 4 hourstespectively.

Such extreme techniques should be used only in life-threatening situations involving potential
committeddoseequivalentghat wouldexceed about 10@m withoutanytreatment. Based

on a 10-day half-lifethe committed dose for an intake ofrfCi of HTO is approximately

63 mrem.

Individuals whose urine concentrations exceed establshiesl should stop work that involves
possibleexposure to radiation, whether from tritium or other sources. Work restrictions are
suggested or imposed to make certain that the atlosallimits for workers are not exceeded.

The operating group may impose stricter limits on their staff than those imposed by the health
physics group. Depending on the number of workers available and the importance of the work
to be done, doses can be managed to safe levels (from 5 to 100 pCi/L in urine).
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Results of bioassay sampling should be given to workers who have submitted samples as soon
as theyareavailable. The resultsmay beposted, or the workersay benotified personally.
Moreover, the results must be kept in the workers' radiation exposure records or medical files.
Like anyotherradiation exposureany dose inexcess of thdimits specified by applicable
regulations must be reported to DOE.
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TRITIUM MONITORING

The tritium monitoring system at a tritium handlifagility is critically important to its safe
operation. Operators and others at the facility need to be inforrtieel status of the processes,

the development of any leaks in the primary or secondary containments, or of any releases to the
room orenvironment so that protective measures and corrective action may be taken quickly.
The location and degree of surface contaminatior@uellyimportant to prevent accidental
uptakes of tritium by personnel.

In this section, the@arious techniques used to monitor for tritium in ggsedudingair), in
liquids, and on surfaces will be discussed.

Air Monitoring

Fixed ionization chamber instrumerdse the mostwidely used instruments fameasuring
gaseous forms of tritium in laboratory and process monitoring applications. Portable ionization
chamber instruments are also used to control contamination and to supplement fixed instrument
measurements. Such simple devices require only an electrically polarized ionization chamber,
suitable electronics, and a method for moving the gas sample through the chamber—usually a
pump. Chamber volumes typically range from a tenth to a few tens of liters, depending on the
required sensitivity. The output is usually given in units of concentration (typically $1Ci/m ) or,

if a commercial electrometer or picoammeter is used, in current units that must be converted to
those of tritium concentration. The following rule-of-thumb can be used to convert current to
concentration: O x curreamps)/chamber volume (liters)cencentration (uCi/fh ). For
real-time tritium monitoring, the practical lower limits of stwiy range from 0.1 to 10 uCifn .
External background radiation or the presence of radon can loweseniséivity of the
instrument.

For measurements of low concentratiosensitiveelectrometers are needed. Migher
concentrations (>nCi/m? for example)the requirements on the electronics can be relaxed,

and smaller ion chambersay beused. Smaller chambers also need less applied voltage.
Because of argater ratio of surface area to volume, residual contamination in the chamber is
more likely and is called "memory." This residual contamination elevéitesbackground
chamber current. Response times for higher level measurements can be made correspondingly
shorter. However, becauseall chambers and chambers operated at low pressures may have
significant wall effects, the above rule-of-thumb may not apply. Such instruments would have

to be calibrated to determine their response.

Although most ionization chambers are the flow-through type that require a pump to provide
the flow, a number of facilitiease "open window" or "perforatedall" chambers. These
chambers, which employdust cover to protect the chamber from particulates, allow the air

or gas to penetrate through the wall to the inside chamber without the need for a pump. These
instruments are used as single point monitors to monitor rooms, hoods, gloveboxes, and ducts.
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Differential Air Monitoring

Because HTO isnore toxic than HT (10,000 to 25,0@tnes greater), itmay be
desirable to know the relative amounts of each species ifofjansignificant release into

a room or to the environment. In the case of stack monitoring, discrete samples of the
stack effluent should be taken using bubblers or desiccants with a catalyst for oxidizing
the HT. Another technique for differential monitoring uses a desiccant cartridge in the
sampling line of an ionization chamber monitor. The result is a measurement of the HT
concentration. Without the cartridge, the tot@ium concentration is measured.
Subtraction of HT from the total produces the HTO concentration. The technique may
be used with twonstruments or one instrumentuhich the desiccant cartridge is
automatically switched in and out of the sampling line.

Another technique uses a semipermeable membrane tube bundle in the sampling line to
remove the HT(preferentiallyover the HT) which isdirected to an HTO monitor.

After removingthe remainingHTO with anothertmembranedryer, thesampled air is
directed to the HT monitor. Although this technique is slower than the one requiring a
desiccantartridge, it does not require a periodic cartridge replacement. Furthermore,
it can be adapted tmeasure tritium itboth species irthe presence afoble gases or
other radioactive gases by adding a catalyst after the HTO dryers, followed by additional
membrane dryers for the HTO. Howevbecause of its slow response, it is more
suitable for effluent or stack monitoring than for room monitoring. Because significant
releases into Boom are quite rare, it is easier to treat any such release as one of HTO
than use complicated techniques for continuous differential monitoring.

Discrete Air Sampling

Discrete sampling differs from real-time monitoring in that the sampled gas (usually air)
must be analyzed for tritium content (usually by liquid scintillation counting). The usual
technique is to flowthe sampled aithrough either @olid desiccant (moleculareve,

silica gel, orDrierite) or water oglycol bubblers.For low-flow rates (about 0.1 to 1
L/min), bubblers may be used. Bubblers are more convenient for sampling, but are less
sensitive than the solid desiccant cartridges if the water in the desiccant is recovered by
heating. Glycol owatermay beused, buglycol is preferred for long-term sampling.

In anycase, the collected water is then analyzed for HTO. For differential monitoring
of HTO and HT, a heated catalyst (usually a palladium sponge) is used between the HTO
desiccant cartridge or bubblers and the HT cartridge or bubblers. This is currently the
preferred method for monitoring stacks for reporting purposes. tifferent
arrangement, palladium is coated on the molecular sieve in the HT cartridge to oxidize
the HT into HTO,which isthen absorbed by th&olecular sieve.However, this
technique is used primarily for environmental monitoring.

Another technique for sampling HTO in room air is to use a "cold finger" to freeze HTO
out of the air. An alcohol and dry ice mixture in a stainless steel beaker works well. To
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determine the concentration, tredative humiditymust be known. Anothesampling
technigue is to squeezeaft plastic bottle several times to introduce the air (containing
the HTO) into the bottle. A measured quantity of water is then introduced, and the bottle
is capped and shaken. Inmanute or less, essentialfl the HTO is taken up by the
water, which is then analyzed.

Other techniques involve placing a numbewials or other small specially designed
containers of war, cocktail, or otheliquid in selected locations in the arbaing
monitored. After a period dime (usually a number of dayghe liquid in the
containers is analyzed. The result is qualitative (for open containers) to semiquantitative
(for specially designed containers).

Process Monitoring

lonization chambers are typically used for monitoring stacks, rooms, hoods, glove boxes,
and processes. Tlmtputscan be used to sound alarms, activate ventilatadwves,

activate detritiation systems, and perform other functions. In general, it can be expected
that stack, roomand lood monitors will requirdittle nonelectronic maintenance (i.e.,
chamber replacement because of contaminatidsnder normal circumstances, the
chambers are constantly flushed with clean air @m®dnotexposed tchigh tritium
concentrations. However, glove box monitors can be expectedetdually become
contaminated, especially if exposed to high concentrations of HTO. Process HT monitor
backgrounds can also be expected to present problems if a wide range of concentrations
(4 to 5 orders of magnitude) are to be measured.

Mass spectrometers, gas chromatographs, and calorimeters are the main instruments used
for process monitoring. Because of thelative insensitivities, these instruments cannot
detect tritium much below a fewarts permillion (Ci/m®). For this reasonthe
analyticalresults and the relatéabalth physiceoncerns must be interpretearefully.

It is notuncommon tdind thatsamples showing ntwace oftritium when analyzed on

a mass spectrometeray actually have @oncentration of several curies of tritium per

cubic meter. In spite of their contamination problems, ionization chamber instruments
are useful for measuring these lower concentrations and for providing instant indications
of changing concentrations that are not possible with the more sophisticated instruments.

Surface Monitoring

Any material exposed to tritium or a tritiated compound has the potential of being contaminated.
Although it is difficult to quantify tritium contamination levels, several methods are available

to evaluate the extent of contamination, including smear surveys and off-gassing measurements.
Good housekeeping and work practices are essential in maintaining contamination at acceptable
levels.

For health or safety implications, an indication of loose, removable tritium contamination is
more valuabléhan a measurement of ttedal surface contaminationLoosetritium can be
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transferred to the body by skin contact or inhalation if it becomes airborne. As a result, loose
contamination is routinely monitored by smeavbjch are wiped over a surface and then
analyzed by liquid scintillation or proportional counting.

The smears argypically smallroundfilter papers used dry oxet (with water, glycol, or
glycerol). Wet smearare moreefficient in removingtritium, and the results are more
reproducible, although the papers are usually more fragile when wet. However, results are only
semiquantitative, and reproducibility within a factor of 2 agreement (for wet or dry smears) is
considered satisfactory. Ordinarily, an area of 100 cm of the surface is wiped with the smear
paper and quickly placed in a vial with about 10 mligpfid scintillation cocktail, or 1 or 2 mL

of waterwith the cocktail added later. The paper must be plackguid immediatelyafter

wiping because losses fromagoration can be considerable, especially if the paper is dry. The
efficiency of the liquid scintillation cocktail is only slighthffected by thesize ofthe swipe.

Foam smears are also available commercially. These smears dissolve in most cocktails and do
not interfere significantly with the normal counting efficiency.

Smears may be counted by gas-flow proportional counting. However, because of the inherent
counting delays, tritium losses before counting can be significhidreover, counting
efficiencies may be difficult taletermine andnayvary greatly fromonesample tahe next.
Another drawback is potential contamination of the counting chamber when counting very "hot"
smears. For all of these reasons, a liquid scintillation spectrometer is the preferred system.

An effective tritium health physics program must specify the frequency of routine smear surveys.
Each facility should develop a routine surveillance progratnmay include daily smear surveys

in laboratories, process areas, step-off pads, change rooms, and lunchrooms. In many locations
within a facility, weekly or monthlyoutine smear surveysay besufficient. The frequency

should be dictated by operational experience and the potential for contamination. In addition
to the routine survey program, special surveys should be made following spills or on potentially
contaminated material beirtgansferred to a less controlled area to prevent the spread of
contamination from controlled areas.

The surface contaminatidevels acceptable for the release of materials from radiological areas
may be found in the DORadiological Control Manuaand DOE Order 5400.5.

Tritium Probes

In general, the totalritium contamination on a surface can be measordyg by
destructive techniques. When tritiynenetrates a surface evslightly, it becomes
undetectable because of the weak energy béiis particles. With open-window probes
operated in the Geigd&iueller (GM) or proportional regions, it is possible to measure
many ofthe betas emitted from the surfac@uantifyingthatmeasurement in terms of

the total tritium present difficult because the history every exposure idifferent.
Consequently, the relative amounts of measurable and unmeasurable tritium are different.
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Such monitoring probes are used to survey areas quickly before more careful monitoring
by smears, or to monitor the smears themselves while in the field.

The probe must be protected carefully from contamination. When monitoring a slightly
contaminated surface after monitoring a highly contaminated one, contamination of the
probe can be aimmediate problem. Placing a disposable ntask the front face of

the probe can reduce, but neeéminate thiscontamination, particularly the tritium

is rapidlyoutgassing fronthe surface.Sensitivity ofthe instrument depends on many
factors, but should be about®10 td*@ipm/cnt.

For highlycontaminated surfaces (®1Ci/100 cni ), a thin sodium iodide crystal or a
thin-window GMtube can be used to measure the characteristic and continuous x-rays
(Bremsstrahlung) emitted from the surface as a result of the interaction of the beta
particle with the surface material.

Off-Gassing Measurements

Off-gassing can be measured usorg oftwo methods. Theimplestmethod is to

"sniff" the surface for airbornigitium using a portable dixed trittum monitor. The

most reliable method, however, uses a closed-loop system of known volume and a flow-
through ionization chamber monitor. Byacingthe sample insidghe volume and
measuring the change in concentration awume, tritium off-gassingrates can be
determined accurately on virtualgny material. The initial off-gassingrate is the
required value because thguilibrium concentration may be reached quickly in a closed
volume, especially ithe volume issmallbecause of recontamination by thieborne
tritium.

The uptake of tritium from off-gassing materials is difficultpedict. Off-gassing

tritium that isreadily measured indicates contaminated equiptmetishouldnot be
released for uncontrolled use.

Liguid Monitoring

Liquid is almostuniversallymonitored byliquid scintillation counting. Thdiquid must be
compatible withthe cocktail. Certaichemicalscan degrade the cocktail. Othenayretain

much of the tritium; still others result in a high degree of quenching. In addition, samples that
contain peroxide othat arealkaline mayresult inchemiluminescencthat can interfere with
measuring. Such samples should first be neutralized before counting. Chemiluminescence and
phosphorescence both decay with time. Phosphorescence, activated by sunlight or fluorescent
lighting, decays in the dark in a few minutes (fast componesgueral days (slow component).
Chemiluminescence, the resultabfemical interaction of sample components, may take days to
decay at room temperatures, but takaly hours to decay ahe cold temperatures of a
refrigerated liquid scintillation spectrometer. Distillations may be necessary for some samples.
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For rather "hot'samples, amay bethe case fovacuum pump oils, Bremsstrahlung counting
may be useful. This techniqgue may also be useful for active monitoring of "hot" liquids. Liquids
may be monitored activelwith scintillation flow cells, whichare oftenmade of plastic
scintillator material or of glass tubing filled with anthracene crystals. However, both types are
prone to memory effects that result from tritium contamination. In addition, flow cells are also
prone to contamination by algae or other foreign material that can quickly degrade their counting
efficiency.
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RADIOLOGICAL CONTROL AND PROTECTION PRACTICES

Airborne Tritium

Tritium released tadoom air moves readily with normal air curren’he room orbuilding
ventilation system should be designegtevent theair from being carried to uncontaminated
areas, such as offices other laboratories whergitium is not allowed. For that reason,
differential pressure zoning sommonlyused, and released tritium is directed outside through
the building stack. In some newkacilities where the large quantities oiftium are being
handled,room air cleanup systemare availablefor emergencyuse. Following asignificant
release, theoomventilation system is effectively shut down, the room is isolated, and cleanup
of room air is begun.

Secondary Containment

The most important control for preventing a release of tritium to the room atmosphere
is the use of containment around the source of tritiims containment usually takes

the form of a glove boxyhich is then a secondary containment if the tritium is already
contained within the procegtumbing, which ighe primary containment. Even if the
tritium is on the outside surface of a piecegfiipment and located inside the glove box,
through popular usage, the box is still referred to as the secondary containment.

Glove boxes used for tritium work typically are made of stainless steel or aluminum and
use gloves made of butyl, neoprene, or Hypalon. Windows are made of glass or Lexan.
In order to reduce the amount of tritium released to the atmosphere, glove boxes where
significant quantities of tritium are handled incorporate detritiation systems that process
the glove box atmosphere and remove the tritium. These detritiation systems, including
the room cleanup systems mentioned above, convert released HT to HTO and collect the
HTO on a molecular sieve for later recovery or burial. Newer systems use metal getters
that recover HT without resorting tixidation. These getters, which can only be used

in certain glove box atmospheres, can be heated to release and recover the HT easily.

The atmosphere in the glove baay beair, nitrogen, argon, drelium, depending on

the type of activity in the box. Even in boxes with inert gas atmospheres, small amounts
of moisture and oxygen exisfny release of tritium gas ithe box willeventually be
converted to the oxide. As a result, the oxide will slowly diffuse through the gloves and
contaminate their outside surfacdsor that reasorpersonnel using glove boxes that

have had tritium releases are required to wear one or more additional pairs of disposable
gloves when working in the glove box.

Glove box monitors are used to alert personnel of a release in the box and may be used
to activate a cleanup system or to increase the rate of the cleanup process. With releases
of tritium in the box, the monitochamber will eventually develop a memory from
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contaminationmainly by HTO. Heated monitochambersare useful inminimizing
contamination by HTO.

The relative pressure of the glove box atmosphere is normally kept negative in order to
prevent the gloves from hanging outside the box where passersby may brush against them
and to prevent tritium from escaping irnttee roomshould a leak develop the glove

box. However, outward permeation of HTO through the gloves and inward permeation
of room moisture are not affected by the pressure inside the glove box.

Temporary Enclosures

At times, maintenance or repair work is done on equipment that cannot be moved into a
glove box or fume hoodndthat has a highpotential to release tritiumFor these
activities a temporary bof'tent"), may beconstructed over the equipment, and an
existing cleanup system installedgmocess the airAlternatively, ifthetritium at risk

is not significant, the enclosing atmosphere may be purged to the stack. If the enclosure
is small, gloves and gloyaortsmay be fitted tdhe side ofthe enclosure. Fdarger
enclosures entrgnay berequired. In such cases, personnel mutk in air-supplied

suits inside the enclosure.

Protection by Local Ventilation

In spite of the greater protection affordeddbigve boxesfume hoods ar&commonly
used at tritium facilities for handling or storing material with low quantities of tritium or
with low-level contamination.Limits aregenerally imposed othe quantities used or
stored in these hoods.

Fume hoods are also usedpimtectpersonnel at the outsidmor ofglove-box pass

boxes where materials are passed into and out of the boxes. Ideally, any tritium released
in a hoodfrom outgassing or &aky container, for instance, r®uted to the hood's
exhaustduct. However turbulencemay occur at the hood entrancegsulting in
backwash and possible contamination of personnel if the face velocity is not adequate for
the design of the hood, the activities in the hood, or the local conditions (such as traffic
in front of the hood). No hooshould be usethathasnot beerthoroughly surveyed

and judged acceptable for tritium use.

For smalloperationdocal ventilation is commonlprovided at thavork site through a
flexible ventilationduct ("elephant trunk™) directed to theom exhaussystem. The
exhaust of these ductsgenerallydirected to thduilding ventilationexhaustsystem,
which of itself may bedequate to supply the needed air flow for the duct without help
from an additional in-line blower.
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Flexible ducts can provide adequatentilation during maintenance in a glovebox with
a panel removed. In this applicationflexible ductcan be connected to a gloveport
before the panel is removed, and then the work can proceed safely.

Supplied-Air Respirators

In general, only supplied-air respirators are effective in preventing inhalation of airborne
tritium. Two types of air-supplied respiratoaseavailable: self-contained breathing
apparatus (SCBA) and full-face supplied air masks.

An SCBA, consisting of a full-face mask fed by a bottle of compressed air carried on the
worker's back, provides excellent protection against HTO inhalation. Because the mask
provides no protection against absorption by most oking the SCBA isnormally
reserved for emergency usely. The protetion factor of 3 or more afforded by the
SCBA may be adequate for some applications. An SCBA can be used as an added
precaution during certain maintenanceoperations that experience has shahauld

not result in the release significantamounts of HTO. Nevertheless, the potential for
exposure is real, and the SCRpvesthe workertime to leavethe area if necessary
before a skin exposure occurs.

Full-face supplied-air maskse alsavailable. Because thair is normally supplied by

a fixed-breathing-air system, thaye notpractical formanyemergency situations and,
consequently, are not as popular as SCBAs.

Supplied-Air Suits

Because of thenherent disadvantages associated with respiratorstiedbreathing
apparatussupplied-air plastic suithatcompletely enclosthe body are often used by
facilities that handle large quantities of trittum. Although they afford reasonably
complete bodyprotection,theyare slow to don andumbersome tevear. Forthese
reasons, they are ntavored for rescugvork where time ananobility are important
considerations.For certain maintenanagperations outside of glove boxes with a high
degree of risk, supplied-air suits may be quite useful.

For tritium work, supplied-air suit@are constructed ahaterialsthat haveacceptable
permeation protection againgifO and provide goodear and abrasion resistance.
Because of the closeshvironment, anthe additional background noise caused by the
flow of air into the suits,communication between personmahy require special
equipment or methods.

Protection from Surface Contamination

Experience at tritium laboratories has shown that many tritium exposures to personnel occur as
a result of contacwvith highly contaminated surfaces. Sudden amghificant releases of
airborne tritium occur mostly as the less toxic form HT and are quickly detected by portable or
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strategically placedixed tritium monitors. The result is that the exposaral uptake of
airborne tritiumareminimized. (Heavy-water reactors, of course, present a raigraficant

risk of exposure to tritiated water vapor thantribum gas.) The presence and degree of
contaminatiormay beunknown until measurements are made. Consequently, the importance
of routine andspecial monitoring surveysr surfaceghat personnel might contact cannot be
overestimated.

Protective clothing worn by workers is one of the most important aspects of an effective health
physics program. Because tritium can be absoebasdythrough theskin or by inhalation,
personnel protective equipment mpsbtectagainst both exposum@utes. Theollowing
paragraphs describe protective measures and equipment.

Protective Clothing

Lab Coats and Coveralls

Lab coats and coveralls (fabric barriessg worn in mostritium facilities. Labcoats

are routinely worn to protect personal clothing. Coveralls are sometimes worn for added
protection instead of a lab coat when the work is unusually dusty, dirty, or greasy. The
protection afforded bjab coatsand coveralls isninimal (except for short exposures)
when tritium is airbornebut they are moreeffective in preventing skigontact with
contaminated surfaces.

Disposablevater-proof and water-resistaab coatsand coveralls have beg¢gsted at
various laboratories. Theyre notpopular foreverydayuse because of theost and
excessive discomfoinflicted on the worker. Mostfacilities prefer using ordinary
open-weave fabrickor lab coatsand coveralls and using approvedlaundry for
contaminated clothing. Some facilities hat®sen to use disposable paper lab coats and
coveralls, exchangintipe costs associatedth a laundryfor the costs associated with
replacement and waste disposal.

Shoe Covers

Although shoe covers provide pratien against the spread of contamination and
exposure, the routine use of shoe coverstiitiam facility is usuallyweighed against
actual need. Shoe covers can offer both a degree of personnel proteciomtaold

over the spread of contamination on floors. However, in modern facilities where tritium
is largely controlled bythe use of secondary containment, shoe conegnot be
required. Such facilitiesan easily maintain a clegaboratory environment e use

of regular smear surveys and good housekeeping. Using liquid-proof shoe covers until
spills are cleaned up should be considéo#édwing spills of tritium-contaminated liquids

and solids to prevent the spread of local contamination.
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Gloves

In most operations, theands and forearms wforkers arevulnerable tocontact with
tritium surface contamination. The proper use and selection of gloves are essential.

Many factors should be considered in selecting the proper type of glove. These include
chemical compatibility, permeation resistance, abrasion resistance, solvent resistance,
glove thickness, glove toughness, glmaor, shelf life, and unitcost. Gloves are
commercially available in butylubber, neoprengolyvinyl chloride (PVC) plastics,

latex, etc.

The most common gloves found in tritium laboratoaes thdight-weight, disposable

short glove (usually?VC or latex) used fanandling lightlycontaminated equipment.
Depending on the level of contamination, such gloves may be changed frequently (every
10-20 minutes), aecond paimay beworn, orheavier glovesnay beused instead.
When using gloves for thpurpose, the workhould be planned gbatcontaminated
gloves doe not spread contamination to surfaces that are beirfigekepit contamination.

When working in a glove box usintpe box glovesdisposable gloveare worn to
prevent uptake of HTO contaminating the outside of the box gloves. Again, depending
on thelevel of contamination, more than omelditional paimay berequired, one of
which may be a longer, surgeon's length, glove.

In spite of all the precautions moally taken, workers may occasionally be contaminated
with tritium. The skin should be decontaminated as soon as possible after any potential
skin exposure to minimize absorption into the body. Effective personal decontamination
methods include rinsinthe affectegart of thebody with coolwaterand soap. If the

entire body is affected, the worker should shower with soap and water that is as cool as
can be tolerated. Cool water keeps the pores of the skin closed and reduces the transfer
of HTO across the skin. The importance of washing the affected skin as soon as possible
after contamination cannot be over-emphasized. Fidure 8 illustrates the effect of speed
on reducing the uptake and the resulthboge. Even if gloves are worn when handling
contaminated equipment or when working in contaminated glove box gloves, it is good
practice to wash the hands after removing the gloves.

d. W. R. BushAssessing and Controlling the Hazard from Tritiated W,aA&CL-4150, Atomic
Energy of Canada LTD., Chalk River, Ontario, 1972.
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Figure 8 Reducing HTO uptake by washing after exposure to HTO vapor.
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EMERGENCY RESPONSE

It is important toexaminethe history of accidenthat have occurred initium facilitiesand to
consider foreseeable unplanned events in order to minimize or mitigate their effects or to prevent
their taking place at all. When an accident does occur, requirements for reporting accidents must
be followed.

Facilities that handle significant quantities afdioactive material must have a site-specific
emergency planAll radiologicalworkers at the site must be familiar with certain aspects of this
plan. In addition, job assignmenitsvolving radiologicalhazards areypically covered by
procedures and work permits that include steps for emergency situations that may arise during the
course of the work. Radiologicalworkers must bdamiliar with these procedures or be
accompanied by a radiologicabntrol technician(RCT) to provide giance in case of an
emergency.

Emergency Steps to Take

The initial steps to be undertaken following a serious accident must always include the following:

. Warning others in the vicinity

. Evacuating the laboratory if an airborne release has occurred
. Requesting any necessary assistance
. Giving urgent first aid irthe event of serioumjuries (This shouldake priority over

problems that arise from contamination)
. Starting personnel decontamination procedures

. Submitting urine samples following the schedule outlined for nonroutine samples.

Decontamination of Personnel

Personnel should be decontaminated by the following procedure:
. Remove clothing thought to be contaminated
. Wash hands with soap and cool water

. Wash other parts of the body (such as face, hair, and arms) that may have been exposed to
tritium, or immediately shower with cool water and soap
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. If mouth-to-mouth resuscitation must gaven to a contaminated victinthe victim's
mouth should first be wiped with a damp cloth.

Decontamination of Surfaces

Following a tritiumspill involving a liquidwith high specific activitythe areamay have to be
isolated andbther protectivaneasures taken befookeaning upthe liquid. Monitoring for
possible airborne tritium must be started to determine the need for respiratory protection or skin
protection. After the spill has been cleaned up, residual contamination will remain. Depending
on thelevel of contaminationanyfurther steps needed to prevent the spread of contamination
and reduce the level to an acceptable value should be determined.

Following a release of tritium gas, surfaces would not be expected to be heavily contaminated.
If tritiated water vapor is released, the contamination may be greater, depending on the amount
and activity of the released vapor. In any case, smear and air surveys will be used to determine
the course of action needed to control and reduce the contamination safely.
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