ENCLOSURE 1
UNITED STATES
NUCLEAR REGULATORY COMMISSION
WASHINGTON, D, C. 20555

MA&R 21 1973 Ref: SA/JOL

MEMORANLUM FOR: 1. Craig Roberts, Assistant Director
for Site and Health Standards, SD

FROM: G. Wayne Kerr, Assistant Director
for State Agreements Program, 0SP

SUBJECT: REQUEST FOR ASSISTANCE - EVALUATION OF TRITIUM
EXPOSURES

The State of Alabama and Georgia have recently conducted surveys for
potential radiation hazards at clock and watch assembly plants which
incorporate tritiated luminous dials and hands. These components have
been distributed by manufacturers licensed by NRC to distribute them

to persons exempt from licensing. The watch assemblers are exempt from
licensing.

Smear surveys at one plant have disclosed removable trisium contamina-
tion of up to 1925 dpm per 100 cmé on incoming packages of tritiated
luminous parts, 7,200 to 21,500 dpm/100 cm2 on watch assembly bench
s?rfaces and up to 84,800 dpm/100 cm? on equipment used to hold assembled
dials.

The State's cbservations at the plant are that no special perscnal
hygiene precautions are being practiced by workers at this plant,

Spot urine sampies were obtained from 5 workers who are engaged - not
full time - in the assembly of tritiated dials. Results wers as follows:

Individua) 34 Concentratian, nCi/l

A 357
8 315
C 286
0 345
E 312

If the tritium to which these individuals were exposad to was in the
form of tritiated water, the associated organ (body tissue) doses would
be quite small. However, we are uncartain that this is the likely case
for persons handling finished tritiated luminous components. A study by
Jones and Lambert suggests tritium may be released frem the paint in an
organic form (attachment). Ingestion of discrete particles of dried
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tritiated paint is also a possibility. In these cases, it is possible
the observed tritium levels represent fractions of tritium originally
inhaled, ingested or absorbed through the skin in other chemical forms.
These forms may be organic or insoluble and, by implication, organs
other than body tissue may be the critical organ.

We would appreciate your evaluation of this problem. As additional
data becomes available to us, we will forward it. If you believe
additional information is needed or should be sought, please contact

me.
G. Wayne K;rr, Assistant Director

for State Agreements Program
Qffice of Stata Programs
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APPENDIX A

_ OFRIVATINN OF CRITERIA FOR DETERMIMING THE HEED FOR A TRITIUM BIOASSAY PROGRAN

A.1 Introduction

The n2ed for tritium bicassay of employe2s depends in general on many

interrelated factors such as the nature and amount of tritium in process at
any time, the types of processing, the extent of other safeguards or facilities
provided to prevent occupational exposures, and the probabilities that
31511f cant quantities of tritium may be 1nha1ed or ingested with the particular

a*er1a1;, procedures, and facilities involvad. (1) Thus, the choice of an
ontimum combination of safequards, including bioassay, is a comnlex problem
and should ba carried out in consultation with a professional health physicist

(2-5) with the procassing

experienced in tritium operations. However, experience
ancd use of tritium in various forms now allews the derivation of reasonabie
standards for datermining the need for bioassay sampling and am2lysis under
certain devined circumstan o7 operation.

of operation with tritiated water abeve which bioassay checks
or routine svaluations have been carried out have varied considerzbly between
instit In scme instancas there is evide! that requiramants have

been tco stringent and have resulted in unnecessary costs for more analysis

o . 4
than a safe surveillance program should have.( ) In other cases, the lack of

a suitable biocassay program at an early date may have partly been responsible

for serious o‘a"cv"oadras.( ) Levels of operation above 10 curies of HTO in

volatile or dispersible form, were dzemed to require at least occast 1al bicass

whenever thers was a possibility of release and inhalation of the material in

precess, based on & 2 with | nium an ling up quantities eight
) 113
orders of magnitude accerding to the relative dcse per unit activity inhaled.’ ’
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However, experience has shown that tritium as HTO can also penetrate certain
protective gloves and be taken in through the skin unless gloves are washed
frequently.(Z) Alsc, incidents with smaller quantities of tritium have yielded
measurable exposures that some institutions believe should be reéorded for
radiation menitoring purposes, even though these instances are rare and the
cunulative exposures are small.

Experienca from accidental releases does indicate that the probability

-5

of intake by inhalation would generally be much less than 10 ° of the material

/
in process.‘7'8)

Assuming protection of hands and forearms in the case of
tritium, these vaiues from operational experience should also set a practical
urper 1imit to the fraction of tritium inhaled compared to matarial in process.
On the cther hand, in many installations, since tritium as HT0 can readily

be taken up through skin or inhaled, and the intaks of only about 5 milifcuries

could produce 1 rem, routine bicassay is often provided at this level or

below for open ccerations with 1ittle or no additioral containment. There is

considarable opinion that bicassay services at least on a sampling basis
should be considered at levels of operation above 10 millicuries cer worker
in process in order to achieve ALARA exposures, unless the nature of the opera-

ion insures additional containment to prevent employee exposure. Taus, in
ordar to balanca the apparent differences in practice and opinion, and provide
a sounder basis for establishing bicassay programs, the following sections

f this aopendix consider the available scientific data and accumulatzsd onera-

o

3 -

tional exnperience in order to derive suitable activity lTevels as a guide for

bicassay program requirements.
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A.2 Exposure Fxperience with Tritium in Various Processes

More recent experience with tritiatad compounds has shown that the leve!

of 1 curie(])
(1)

above which chemical hcod operations should be considared, and
10 curies above which enclosed glovebcx cperation should be considered,
are also generally applicable for many tritiated compounds as well as HTO.(2’3’5),
Significant fracticns of tritium in urine {compared to permissible levels for

(9’10)) or to the derived

continuous exposure (28 microcuries per liter
investigation level of 35 uCi/liter immediately following single intake of
1.5 me(12) have been found in employees working within chemical hoods with
quantities of tritiated compounds in the range of several curies.(2’3’6’1])
Thus, recommendaticns for biocassay for tritiated compournds, other than pre-
cursors of nuclieotidas, will thus be the same as for HTO oxczpt when the
cempounds may be assured to be of lower volatility, dispersability, or releasa
probability than tritiated water in ordinary chemical processes.

Whenever tritium is in any form (diluted by other materials) so that it
can be guaranteed that, even with HTO, a dose egquivaient for single intake of
no more than 1 rem would he possible from the inhalation of 10 milligrams of
the highest specific activity of any matarial that could be accidentally
released into air within 8 hours, then bicassay may not be necessary until
higher levels of activity than those in Table 1 are in process. Ihenever
consideration is given to specific activity of the material in process, an
analysis of initial bioassay data and air monitering data, as well as a written

evaluaticn of the entire procedure, should be carried cut by the hezlth

m

physicist in charge. In the case of reactors where the tritium is diluted in

a large volume of coolant, the need for bicassay would depend on a large nurber

. —— - - e — - - - o - L i p——— "~
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of design, operating, and procedural factors. Thus, for reactor installations,
the need for tritium bicassays otner than the initial and separation samples
should be based on a measurement and assessment of air concentrations of tritium
to which employees may be exposed.

Radiochemical Industrv Experience
(11)

Evans has described the types of laboratories reguired for handling
multi-curie quantities of tritiated compounds and for tracer quantitizs. The
need for adequate ventilation when handling tritium is also stressed. Thus,
the requirements for bicassay sampling need to be related, as far as possible,
to the degree of protection afforded by exhaust hoods and ventilation systems.

\
(14) indicates that wnen there is 10 mCi or less of tritium in fregquent

Evans
uys2 as tracers, thera is little need for preparative work. This may be taken
to indicate that experience at the Radicchemical Centzr has shown there is

Tittle likelihood of significant intakes of tritium below levels of 10 mCi in

Luminous Timeniece Industry Exverience

In a study of a Tuminous dial painting plant, Mochissi et al, have

found that an employee working in 2 hocd without gloves but undsr conditions of
plant cleanliness and recular changing of surface coverings, will have urine
concentrations of about 14 uCi/liter { 10 uCi/liter) for a level of processing
of 10 Ci of tritium per month (read from Figure 2, Reference 15, which shows

a regression analysis of the data). Befors plant cleaning and use of bench
covers, the comparable average urine concentration was abcut 34 uCi/liter for

rAan

. 15) . " , N "
10 Ci per month processed, ( ;ust below the ICRP derived investication
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Experience of the investigators during this study indicated that a major

part of the intake in this kind of operation could occur through skin contam-
ination, although general air concaentrations could also account for a major
portion of the exposure. The operations in this plant of 15-20 dial painters(15)
invoived painting metheds ranging frem sobhisticated rotary applicators to
hand-operated painting machines and manual painting.

In a plant with fewer workers, using only closad "pens" with which small
amounts of tritium are applied by hand to dials and hands, the procassing of
10 Ci/month would lead to about 10-20% of the urinary levels measured by

Moghissi, et.a1(15) with very rare approach to 35 pCi/liter or above.(]s)

Initial preparation and mixing of the tritiatad polymer, zinc sulfide and
adhesive usad to make Tumincus paint are generally carried out within enclosad

(15-17) An emplcyee working on

gloveboxes vented through absolute filters.
the preparation and mixing process through a single pair of gloves, several
hours per week, has shown urine levels of about 20 uCi/liter when processing

.
800 Ci/month,(1’) which would give a urinary lavel of 0.25 uCi/

4

on the order o
liter for 10 curies per menth processed. This urinary level is less than 1%

of the ICRP derived investigaticn level, and can be attributed to diffusicon of
tritium through the glcvebox gloves, which could possibly be decreased further

throuch use of frequently changed or washed surgeons gloves inside the glove-

-t

orm of tritiated goly-
(15,17)

box qloves., The tritium paint contains tritium in the
styrene with specific activities of 250 mCi/gram of paint or less.
However, the tritium to which emnloye2s are exposed behaves in the body in a

manner similar to HTO for ourposes of dose estimation, and most of the tritium

e - (15) . N . . ) .
in air is recovarable as H.O.( 5) Thus, from experienca in the luminous paint

- o 7o o e — —
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jndustry the use of gloved boxes or closed systems for handling tritium as
HTO or organic compcunds may be assumed to provide protection factors of at
least 100 above that for operations within hoods, or near local exhaust
ventilation.

The need for such large protection factors when handling hundreds or
thousands of curies per month is justified by the two cases of deaths(s)
attributed, at least in part, to tritium paint production and processing in
the absence of safety precautions. Although the workers involved had pre-
viously bean exposed to unspecified amounts of radium and other nuclides
during their careers, SeeTentag(S) attributes a causative role to tritium as
a result of the similar syndrome in the two cases. These cases indicate that
open bench processing of tritium at levels of 100-150 Ci/month can preduce
urine levels of 140 to 1,120 uCi/iiter, showing the need for a protectiun
factor of 100 or more.

Peasurements(18) air concentrations, surfacs contaminatien, and urine
concantrations of employ2as in establishments of wholesale timepiece importers,
retailers, and refinishers have sihown that urine concentrations in these
establishments were generally well below 1 uCi/liter. This is trus although
resuspension factors as measured by the ratio of 2ir concentrations/surface
concentrations were relatively high compared to those for other types of
radicactive dusts. This implies that surface concentrzticns from the handling
of storage of these timspieces were not sufficiently high (although up to
b

v

several thousand pCi/100 cm®) to pose a significant inhalation haz in

red to result from

IJ

o

fact, most intake of tritium in storage areas was beiis

- — - SRR - -  —— i —————— - ———— - ——————



direct exchange of tritium from the concentrated material on the watch with

(18)

moisture in. the ambient air. The highest urine concentraticn observed

Fa—

was in a pcorly ventilated storage area through which passed about 40,000 . - . '

watches per year containing 200 Ci/year. The average urine level far this

-_—E e

employee was 2.7 uCi/liter giving an estimated 500 mrem per year.(18) Thus,
handling 10 Ci/month in importing, retailing, or refinishing establishments

! should result in Tess than 10% of the derived investigation level for urinary
i excration.

Academic Institution Laboratorv Experience
(13)

Qlson has found no urine samples exceeding 1 uCi/liter out of 102
sampias frem individuals working in univarsity laboratories (1971-74),
presumably always with at least fume-hcod protection, but with quantities of
0.2 Ci bi-weekly or 1 Ci per single cperation. The range of urinary values
is relatively consistent with that to be expectzd from the aexperience of

(15-17) whe worked with exhaust ventila-

watch-dial painters mentioned above,
tion and hand-paintad using special lumincus paint pens. OClsonracommends
bicassay above 10 mCi in process cn an cpen bench, and above 1 .Ci in process
in a well-ventilated hoed.

An accidental spill was reported by O?son(Tg) that might be considered
a practical upper limit to a single=incident dose commitment to be received
from fume hood operations with tritium in research laboratories. About 78 mCi
of tritium as HTO was accidentally spilled cn the floor of a hood and was
imnediately wiped up with paper towels b

 the graduate student involved.

ud

[

-
s

Instead of disposing of the towels within a container in the hcod,the s

r

-
L]

ailowed the towels to pass clcse. to his face and placed them in a radicactiv
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waste can outside the hood. In this case, the estimatad intake was 0.6 mCi
based on a peak urine level of 14 uCi/liter, giving a calculated dose coumit-
ment of 100 mrem. Thus, the fractional intake was almost 1%, much higher

(7)

than any reported by Franke, et.al’

However, this incident indicates that
100 mCi orocessed in a hood would not cause more than 10% of any maximum
permissible dose commitment, even in the event of a "maximum credible”
accident. The university involved has issued instructicns on providing con-

tainment for wastes within hoods before removal.

Particle Accelerator Installaticns

Tritium build-up in activation products from particle accelerator beams
(20)

isnmot generaliy a significant health physics probiem, except as a spallation

(21)

product of T"‘0 for high-energy proton beans, and for the tritium in

(99
(22) The build-up of tritium in cooling water of the LAMPF(Z1) sccet-

targets.
erator has reached 1.8 x 10'2,aCi/mI, and a producticn of 50-100 curies per
vear is expected in the next few years. However, this level should not 20se
a seriocus employee exposure problem with proper handling of wastes and
measures to prevent ingestion.

More likely sources of internal tritium exposure from accelerator

-

operations are the tritium and tritiated targets used in (D0,T) reactions for

> pairs . (22)
fast neutron generation.

Exposures of about 0.5 rem/year have been
recaived by employers during the following cperation: loading uranium
furnaces with TZ gas (£00Ci); transferring TZ into and out of the target;

ac
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sierator parts that contain

absorbed tritium gas; venting of mechanical vacuum pumns, routine maintenance
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of vacuum pumns including cleaning and changing 0il; and ingestion of

(22)

tritium from handling surfaces that have absorbed tritium. Tritium

2 have been measured by swipe

concentrations as high as 0.6 Ci/1C0 cm
tests on disassembied accelerator,parts. Urinary levels recsa to as high

as 53/~Ci/1iter during disassembly of the target and removal of the

vacuum pumps, although levels of urinary tritium indicated average

exposures abeout 10 per cent of maximum permissible levels for the annual
dose commitments of three werkers. Waeckly or more fraquent bicassays

were deemed necessary to control tha exposure of these workers. Thus,

there would appear %o be a need for tritium bioassays whenever accelerator
parts that have been in contact with more than 100 curies of tritum gas

are handled in open operations. However, there was no evidence of perscionel
exposure when 150 Ci of tritium gas was transferred in a closed system to
the furnaces without any disassembly cf accelerator egquipment.

High Leval Coerations With Tritium Cas

-

D

Up to megacurie quantities of tritium gas have been handled in special

facilities designed to minimize the concentrations of TZO or HTO in the

(23)

employez's eavironment. Urine levels in 3800 samples, averaging 6CO

samples per year taken on a once-per-week frequency (mors often for "special"
bicassays), showed 9C parcent less than the 23 _«Ci/liter action level, and

only four more than 100 «Ci/liter. Box gicves were monitored freguently
3

for leaks, and working levels within the gloves of up to 3000.~Ci/m” did

not result in uptakes exceading weekly permissible levels. If levels

T S ——— - — . = i




. S v b

ot v T —— > —— . — > Al S S gl

-10 -

exceeded SOOGjJCi/m3, the gloves were changed. The levels in the box
atmosphere did not generally exceed 0.1 Ci/m3.

Special precautions were taken to properly vent vacuum pumps and
carry ocut eguipment decontamination or maintenance with proper protection.
Vacuum pump oil was reported to have levels as high as 1mCi/cc, but oil
changas by technicians wearing surgecns' gloves, with the pumgs placed
in hocds, avoided appreciable intakes.

In an incident involving a release of many kilocuries of tritium
gas within a hood, while the experimenter's head was in the hcod directly
over the release point, the experimenter received less than 100 mrem total
integrated dose.

(23) and that reported by others(z) demonstrates that,

This exparience
with appropriate equipment and procedpres, pure tritium gas can be handled
at activity levels thousands of times higher than corresponding levels for
tritiated watar before appreciable occupational exposure levels will be
reached. However, allowance can be mede for the lower dose from tritium
gas per millicurie inhaled only when there is absolute assurance that sig-
nificant water or oxygen is not present in the processes of concern. Presancs
of water or oxygen must be avoided to avoid formation of tritiated water before
any patential point of release or dilution of the tritiated 225 in process.(za)
Also, if there is & possibility of leakage or escape of tritium gas out of
an inert atmosphere in curie quantities or more, ventilation protection and
aporopriate disposal ratner than containment within secondary enclosures

(25)

will help to avoid build-up of HTO and increased exposure potential.

O — - - - . -_— - - .- - - - —————
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Thus, yith appropriate equipment and procedures to guarantze that
employees will not be exposed to appreciable quantities of tritiated
water, tritium gas may be handled at activity levels several orders of
magnitudg higher than those for HTO or TZO before appreciable internal
exposures measurable by urine assay will occur from ordinary or acci-
dental releases of the tritium gas in process.

Reactor Cuerations

In the case of reactor operations, the potential for tritium exposure
depends on the reactor design, type and volume of coolant, and the maximum

tritium concentrations likely to build up in the cooIant.(24’26'28)

The
dilution of the tritium is such that concentrations of tritium in the coolant

of light-uater powar reactors is not likely to exceed 0.1-0.0%:Ci/mi .(25‘2’)

Corcentrations of tritium in air within the containment building of a light (LWR)
9

aressurized water power reactor have gencrally been maintainaed less than
10'6,aCi/m1, and employees entering the containment building for a few hours
per week nave generally shown negligible or small quantities of tritium in
urine, well Selow the derived investigation level of 35 .4Ci /1iter.(26'27)
Experience at a 5 Megawatt deutarium-mederated research reactor nas indi=-
cated that urine levels of employees will become significant when the coolant
exceeds sevaral hundrad microcuries per m1.(23) Thus, activity levels in LWR
coolant are ganerally low encugh so that large single exposuras Lo emp loye

are unlikely, which is consistent with the suggestion that it is unlikely

that quantities of radicactivity diluted to a lower specific activity witn

more than 10 “illigrams of other material will be inhaled during occupational

2
exposur:.(‘g)
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There 15 a lesser likelihood of exposure to tritium at boiling
water reactors, and greater at heavy-water moderated teactors.(27)
However, for all reactor operations, the need for bioassay sampling is
established Ly monitoring results and/or desizn and operating factors
rather than estimates of exposure potential from total quantities of
tritium in process. Generally, pre-employment and post-employment samples
are assayed for tritium exposure, and most reactor installations previde
some type of routine bioassay monitoring for tritium. Table 1 is thus not

applicable to reactor installations, except perhaps for somz of the

laboratories associated with them.

Fusion Reactors

The maximum releasz of tritium gas from operations at Sandia’s proposad
experimental electron beam fusion facility will te 0.1 Curie, as a result
of operational restrictions on the amount of tritium used for any single
irradiacion. The release of 0.1 Curie hzs been estimated to produce a dose
£ only 0.1838 mrem from inhalation of tritium gas to a standard man trorzing

(3C)

for one hour in the diods preparation room. If the tritiom were converted

. 3 ) 10)
to water vapor form, an estimated dose of 200 mrem would be :ecelved.( :

this reference indicates the assumption of a factor of 1,000 betwesn doses per

HCL from HTO and tritium gas. This type of situation, with only limitaed rasea;

levels of tritinm, would probably warrant biocassay sampling only in the eveat
of 2 known release. Llater versions of this type of electron beam fusicn
experiment may require a greater reliance on bioassavr sampling for monitoring
emplovee expesure, depending on safeguards for containment and preveation of

inadvertent exposures.

-~

Thus,

-~y
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For full-scale fusion reactors, a tritium bicassay program would
probably be imperative for amy ~reactor design. Operational levels of
tritium in such reactors will reaéﬁ millions af curies, most in the

(31)

form of tritiuan 3as.\ Sore of the tritium is expected to diffuse .
through system components and be converted to HTO. The maximum per-
missiblae concentration of HTO in air s about 400 times that of tricium
gas.(zl) Also, tritiated water vapor can enter the body easily through

the skin, whare the absorption of elemental tritium gas through the skin

18 nezgligible and only-1.6 percent of tritium gas inhaled will initially
(32)

“nter the bloodstraanm. Sirce even neoprene gloves of 0.36 ma thick-

ness are estimated to offer ptotective factors of only 340,(32)

reliance
on protective clething duriag maintenance operaiions will need to be
supplemented by bioassay moriisring programs.

Thus, it is likedy that for fusion reactor installations, either
arperimental or coumertial, “hes need for (and type of) biocassay programs
will be detarmined ¥ a wide range of consideratiois of containmeat, resactor

design, personnal prctection provisions aand operating procaedures. No gznaral

uidance would be. aspropriate or necessary for thase installations at this
. '

time, sa fusion installations are considered outside the scope of this guide.
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A.3 Relative Radiotoxicity of MTO, Tritium Gas, and Tritium Labelled Comoounds

Although tritiated water has certain features that may make it more
difficult to contral than othar radicactive materials, it is among the least

(2) Thus, it is

radiotoxic materials per unit activity taken into the hody.
necessary to consider the quantities of activity taken into the body that
oroduce zcute and chronic biolegical effects in man, as well as the levels of
intake below which these effects are expected. to be nagligible.

Experiments with mice, rats, and rabbits reviewed by Evans(z) show that
the Logg for mice is about 1 mCi HTO per gram by injecticn, and varies between
snecies somewhat. More than 0.5 mCi/g injected into rabbits results in death
to 100% of the animals, aftaer estimated doses of more than 500 rads deliverad

over 20 days.

Two deaths of humans exposed tc tritium, which Seelentag(s) attributes
to the tritium exposure despite a history in both cases of unspecified expo-
sure to iadium and other bone seekers, appears to occur with accumulated
doses that could be on tne order of up to several hundred rads, as indicatad
by urine moasurements over periods of several years. In addition, autop y

results indicated components of insoluble organically-bound a:tivity in
\
muscles, kidnay, liver, spleen, and lungs.(s’

On the other hand, a 41-year-old male who accidentally ingested about

86 mCi to give a calculated total body water dose of 16 rem (QF = 1.7) showed

(33)

no clinical side effacts. In the Tatter case, a 2 gercent compartmant

{33)

excreted tritium with a half-1ife cf 34 days. In another incidant viner2

human urinary excretion could be followed for 450 days, a three-exponentia’

(38) _ .+

; 24 o : .
excretion was cbscrved.( ) Sanders and Reinig analyzed this data using

- - —— - e e A PP+ e B NS
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a mode! with two organic compound compartments exchanging tritium with body
water, and ca2lculated lower dose commitments from tritium in the organic
compartments than to body water, No immediate clinical effacts were reported
for this individual. The estimated intake of 45.7 mCi resulted in estimated
doses of 3.52 rem to body water and 1.37 rem to the orgaric-trii{ium compart-

(34)

ments. Long-term but low-level cempcnents with half-lives on the ordar

of one year have also been observed in urinary excretion of former employees

of the luminous dial industry.(35'35)

Thus, although limited human data confirm that a fraction of tritium as
HTO in body water will enter long-term compartments, these datg as well as
animal data indicate that acute clinical effects are not 1ikely below a2 16
rem dose calculatad on the basis of =2nergy deposition by KTO in body water,

using an RBE or CF of 1.7.

Mo studies are available on lonc-term effects in humans at low dose
levels from tritium. Such studies would indeed not be feasible, since not
only are permissible exposure levels orders of magnitude below levels showing
acute toxicity, but industrial experience has shown that the average menitoied
employee remains far below permissible limits or action levels established

-23)
(24,25-28) The risks from

for radiation protectiun design or operaticns.
chronic effects may be expected to be of the same low order of magnitude as

that from whole-body gamma radiation exposure maintained well belew maximum

permissibia 1imits. Limited experimantal data on chronic effects in animals(

of labelled organic compounds also tend to indicate that the relative risks of
be
tritium exposure would not be likely to/more than 10 times that from ga

radiation under low dose-rate conditions.
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Although in recent years there has been an ICRP recommendation(37) to

use a OF of 1 for tritium beta radiation, some radiobiological evidence at

low dose rates has suagested a QF greater than 1 as appropriate, relative to

(2,38,39)

gamma-ray effacts. Human data is not available to distinguish

between these two values, and many references show that action levels and
dose ralculations in use for radiaticn protection purposes are still follow-
ina derived urinary excretion values based on the OF of 1.7.(2‘3) A QF of 1

may be more appropriate for estimating the potential for acute biological
effects at higher doses, as suggested by the animal data cited ear1fer.(2)
but a more recent experiment with rats resulted in an LDSO at four days of

(39)

1.86 and 3.72 kilorads for HTO and gamma rays, respectively, as well as

OF's qreater than one for other macroscopic binlogical endpoints.

fonsidering the human and animal data available, the probable variaticn

within a range of 1-2 of OF with dcse-rate and type of effact stuﬂ.ed.(38’d0)

. \
the desire for conservatism in establishing standards Tor radiation crotection,(38’

tha aestimate :hat doses to organic, 1cnq -term compartments may be about 1.5

~

mes that calculated for bedy water, and the desirability of avoiding

unnecessary perturbations in already-functioning bioassay programs, it seems

(10,12)

reasonable to adopt the ICRP: derived investigation level (DIL) of 1.5

mCi intake as representing a dose commitment of 25C millirem and urinary
D g b

elimination ratas of 35 uCi/liter (initial), 13 uCi/liter at 14 days, and

(43)

4 uCi/liter at 30 days after a single intake. The adeption of these DIL's

for sinale intake and the above dose commitment {s also consistent with the

(9) . B et o . *
use of the ICRP' "/ maximum permissible continuous bady burden of 1 mCi HTO

*The actual value of 1.2 mCi, qiving a calculatad dose-rate of 100 mrem/uzek
to 43 kilocrams of bodv water .nd resulting in an enu"nhr1" pxcretion rata
of 23 uli /11ter of urine (using a 12-day ? iglogical half F-11f2(2)), was rounded
off to 1 in the ICRP Committee [I ﬁo"or'

—— ————— Y ———

SE—————
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for a continucus dose-rate of 100 miliirem per week to body water, resulting
(9)

in an equilibrium excreticn rate of 28 uC1/1iter.(2) For standard man,

-
a1 mCi HTO burden would be sustained by a continuous 40 hour/wesk occupa-

6 3

tional exposure to an air concentration of 5 x 16™° uCi/cc as HTO, or 2 x 107
uCi/ce of tritium gas.(z) The corresponding drinking water concentration in
equlibrium with 1 mCi* in body water would be 0.1 uCi/ml (100 uCi/liter),
allowing for loss of water by exna?ation.(g) These ICRP values are consistent
with the conversion more recently recommended by Moghissi, Patzer, and

Carter(az) for calculating 2nvironmental dose commitments to populations

from urinary levels of tritium.

Tritium Gas (TZ or HT)

Anderson and Langham(aa) reached the follewing conclusions(z) from their
studies of physiological kinetics and affects of tritium gas and tritiated
water:

(a) the hazafd from tha expostre to tritium gas was at least 1,000

times less than from tritiated water;

(5) the greatest exposura hazard from tritium gas would result from its
conversion to its oxide prior to intake;

(c) the beta dose-rate to the 1/u m raspiratory surface of lung is largely
ineffective, as indicated by the fact that 135,000 calculated rem tC
the lung surfaces in mice produced ne histological evidence of
damaqe:

aual contribution to whele body dose from dissolvad

—~
o
—

there is abnut

(]

tritium qas in body fluids and frem tritium biologically oxidized to

HTO.

- - - - —— e — e e i
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(e) the dcses from bremsstrahlung and auto-oxidation of tritium by its

own radiation field can be nealected.

The hazard from exposure to even larger amounts of tritium gas was not

(2)

judaad to be a lathal onre. A 10-second exposure to pure tritium gas (2.6

Curies/cc) would result in a dose of cnly about 6 rem. (At the breathing

(45)

rate of 20 liters/min of reference man uncder Tight activity, the 10 sec

exposure would amount to about 30 29,000 cc x 2.6 Curfes = 8,790 Curies.)
min

It was also caTcu1ated(2) that if the air in a room were 10 percent

tritium, a 10 minute exposure would result in 2 dose of about 40 rem. (In a

3

small laboratory of volume 150-300 m™, a 10 percent tritium atmcsphere wou'id

correspond to a release of 4§ - 7 X 107 Ci(z).) (The 10-minute exposure would

3

amount to an inhalation of 0.1 x 20 1/min. x 10 min-2.6 x 107 Curies of T2 per

liter = 52,000 Curies of Tz gas.)

The above estimates of intake may be compared with tha data of Pinson

(26)

and Anderson, which show that a man breathing an atroschere containing 9 uCi/

cc of tritium as HT for 100 minutes reachad a urinary level of 14 uCi/liter.

(10,12 )

Using the ICRP. values of 35 uCi/liter in urine corresponding to 0.25

rem dose commitment from HTO, the experimenter inhaled a quantity of
9 yCi/ec x 1000 x 20 1/min x 100 =
18 Curies of HT gas,

and recaived a dose commitment from the HTO produced by biclogical oxidation of

{% x 0.25 Rem = 0.1 Rem

- —— —— - - ———— - . - e ——— ——— .
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Therefore, the inhalatien of 52,000 Curies of tritium gas, as postulated
in the above example, would give a dose cormitment of

ﬁﬂiﬁyﬂl x 0.1 Rem

= 290 Rem,
(assuming the OF of 1.7).

Tt is probable that this dose spread cut over the effective lifetime of

> o

HT) in the body would not be lethal.
Even the 10-second exposure to pure tritium gas involved an inhalation

of 8700 Curies. Using Pinson and Anderscn's results and ICRP values, this

quantity inhaled should give a dose commitment of

§%g9- x 0.1 Rem = 38 Rem,

SRR SSN—————

A
in good agracment with the 40 Rem estimate of Anderson and Langham.(2’4”)

These nuantities (and resulting doses) of HTO in the bedy resulting from

inhalation by man of tritium gas ares also consistent with the data of Pinson
(47)

. —————— - -

and Langhan,

Calculation of Dose from Nissolved Tritium Gas

The solubility of H, in water is 1.91 cc/170 g at 25 C or 1.82 cc/100 g

~ (48)

at 50 C. Using 1.90 cc/190 q at body temperature and a specific activity

€

g 3 * i - . o
of 2.6 Curies T, per cc of oure gas at 1 atmosphere prassure, then the sclubilit
2 ]

"At 1 atmosphera, the number of T atoms per cc is:
2 x 6.023 x 10°3

N - 37 500 CC = 5.38 x 1019, and the activity is:
1 10 _ _0.693 5.38 x 1017 _ -
R ANEL AN 3.3 X 365 X 23 X 3600) Y5 0 % L8 Larianres

(1.3 for HT)

S ——— - - e ———————— - - i - s - . ———-——— . . ——————— L —
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in body water under equilibrium conditions becomes 00.04%4 curies/g. Thus,
the concentration per unit volume, relative to that in pure gas in equilibrium

with water would be about

0.0494 Curies/cc water

e . ——————— A —— v— . S i o ———
-

= 0.019

2.6 Curies/cc

at 25°C, or slightly less at body temperature. This is in fair agreement with

PURPSGY S

the estimate of 1.65% concentration(da) in body tissues relative to cocncentra-
tion of tritium in air. The rate of dissolution of tritium in blood in
equilibrium with inspired air may be assumed to follow a 4-minute half-time

(49)

; of uptake, s0 approximate equilibrium would be reached within 10-20 minutes
¢ after exposure to a constant concentraticn, or the concentration in blood will
remain lower than eauilibrium concentrations for short exposure times.

| SoTubilities for H2 gas are assumed sufficiently accurate to use for HT or T2

\
nas for dose estimation nurcoses.(so’

The dose-rate in blood (or body water) at equilibrium with a constant

| pressure of 1 atm 72 is

0.0894 Ci/g x 3.7 x 10'°0 d/sec - Ci x 0.0055 Mev/dis

x 1.6 x 10'6 ergs/Mev = 18 ergs/g-sec
= 16 rads’/sec

Far a concentration of 9 uCi/cc in inspired air, as in the experiment

(26)

of Pinson and Anderson, the equilibrium exoosure rate would be properticnal

toc the partial pressure of tritium cas. Thus, the dose-rate from dissclved HT

-

durina the 100-minute exposure pericd would

b
! a 1 -6 $ ) am
(1/2 x 16 rads/sec for HT) % 9 x 10 - Ci/ge

]/2 x 2.6 Ci/cc
5.5 x 10'3 rads/sec,
or 3.3 x 10~ rads/minute

o — v — . - ———— g ————— ] ——— . w m e - - e —— - - e - . ——
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(46) 14

Thus, during the duration of the 1MM-minute inhalation exnerinent,

3 % 100

Curies of HT were inhaled, Aelivering a dose to blood of about 3.3 x 107
= 0.33 rads and a dose commitment from the HTO formed by biological oxidaticn
of about 0.1 rem, as calculatad above. This calculation deass not take into
account tritium compartments resulting from tritiation of organic molecules
in vivo or absorbed tritium gas that does not leave the system once the
tritium concentration in inspired air is reduced, but the dose from these

comnartments is expected to be very small due to the rapid elimination of

this tritium frem the bady.

Thus, the internal dose from exposure to HT or T2 gas would be 5,000 -
10,000 times lower than the internal dcse from exposure to the same integrated
air activity of HT0. For exposure times of 1 minute or less (typical of
single relaases in the laboratory), relative doses from tritium gas will be
even lower as a result of the finite time required for diffusion of the gas

) ‘ (49) - . ol
into the blood ‘7’ compared to the instantaneous absorption of inhaled

ara. (2)

Tri*ium Compounds (Other than Nucleic Acid Pracursors)

Although the doses and effects from tritium compounds are more complex
to investicate or predict than for tritiated water, many studies have
Surprisingly indicated that these compounds are usually not much more toxic

than tritiatedweter, and are often considerably less radiotoxic as 2 result
' (

LAS]
S

of more ranid elimination from the body. Tritiated corticostercids were

found on the basis of estimated organ doses to be 30 times less radiotoxic
(51)

Tritiated folic acid was estimated to be twice

than tritiated watsr.

w

as toxic as tritiated water based on results from the administration of these




(52)  5nawl53) nas tndicated that injections of the tritiated

compounds to rats.
sex hormones oestradiol and testosterone result in smaller doses in all organs
of the rats than those from equal injections of tritiated water. There was
quoted(z) an absence of appreciable hematologic changes in patients after
intravenous coses of 10 Ci of tritiated tetrasodium 2-methyl-),4-napthacuinel

diohosohate.(sa)

A 10 Ci dose of tritiatad water would have been expected to
deliver about 1,000 rem to the bone marrow, and would probably have exceeded
the more chronic tritium exposures which See1entag(5) considered the primary
causes of death in two cases.

Since tritiated water is the major cataéolic product of most of the

(41) exposures of workers to these com-

labelled compounds that enter the body,
pounds may be monitored by biocassay of urine with the likelihood thdt a major
part of the dose may be interpreted as dose from HTO. This practice has been
used in Taboratories whare emnlovees are exposed to higher levels of tritium

during production of these tiritiated comcounds.(SS)

Since tritiated comnounds
are a2eneraily less volatile than HTO and less easily absorbed through the skin,
it seems reasonable for purposes of establishing criteria for bioassay programs
to assume that the relative radiotoxicity of tritiated organic comoounds is

about the same as that for HTN.

Save aRRETA T - - - —— L e —— i — —— - ——— - G —— ——
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Tritiated Comnounds Concentrating in Cell Muclef

A number of authors have sugaested that compounds such as tritiated
thymine or thymidine, or other nucleotide precursors that would tend to con-
centrate in the NNA of cells, might deliver far greater doses than tritiated
water and present a far greater hazard per miilicurie of intake by persons
working with these compcunds.(ss'ﬁo) Barber(sl) deduces that tritiated

4 to 10'5

thymidine MPC's should be about 10° times the MPC's for tritiated
water, from calculations of an assumed maximum number of permitted disintegra-
tions in the cells of a human comnosed completely of cell nuclei, using
Dewey’s(sz) finding that 30 disintegrations per cell from trit%ated'thymidine
did not sionificantly increase chromosomal aberration fregquencies. Berry,
ggégl}sa) have suggasted, tased on cell survival studies, that tritiated
thymidine should be regarded 2s a material of moderately high toxicity,
comnarable to I-137; this suugestion would place triticted thymidine in a
category requiring about 1,000 times the protection factors applicahle to
HTO.(63)

Guﬂd(sd)

calculated that tritiated thymidine can deliver doses to the
chromosomes from 50 to 50,000 times those delivered by an egual activity of
tritiated water; however, Dewey, 22;21(65) sugaest that the effectiveness for
breaking chromosomes is ahout the same for thvmidine incornorated into DNA

as for tritiated water or Cobalt-60 gamma radiation. They(sz) also found

that 1,700 tritium disintagrations oriainating in DNA were required to produce

one visible chromosome aberration.

e e —— . —— - - . o - - o ———— ——_—
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Lawbert.(eﬁ) hased on a review of previous literature as well as his
ovn exneriments.(66’67’68) concludes that the maximum permissible annual intake
of tritiated thymidine is about 20 mCi. This intake of 20 mCi may be compared
with the annual intake of 25 mCi of HTO that would give a dose commitment of
5 rem (intearating the intake by standard man breathing at MPC for one year).(g).
Thus, since there are conflicting opinions in the literature regarding the
relative "radiotixicity" of tritiated nucleotide precursors, some selectad
experimantal results will be examined further here to detarmine a reasonable
yoper limit to the assumed ralative radictoxicity of these oracursors compared
to HTO.

Wlade and Shau(sg) have shown that 24 hours after stomach intubation of 1
uCi quantities of tritiated thymidine, the averace total body activity was
§1 percent of the ingested activity and the non-volatile activity was only
8 percant of the ingested activity. After subcutanecus injection several
times more activity was rotained in spleen, testes, and small intestine, as
measured relative to retention after oral ingestion cver days 1.2,4 and 8;
about the same relative retantion for injection as for ingastion was obtainad
for liver, kidney, and muscie. The non-volatile activity was assumed tc te
rotained mostly in the cell nuclei of these tissues as reported by others.(59'73}

Assuming that th non-volatile activity was dispersed through all cell nuclef,

2
4 & ©% \’50) . : - : 1 : 1
Wade and Shaw’ calculated tha maximun dose to nuclei from their data to o2
the dosa to nuclei of liver, which reached absut 0.2 rads cer Ci of ingestcd
sritiated thymidine. Scaled up to the body waicht of standard man, this
would be 0.2 rads/2.8 mCi inaasted; for comparison, the calculated dose to

»Y

hody water from incasting 2.8 mCi of HTC would be 0.28 rads--s1ightly higher




-
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than the dose to nuclei from tritiated thymidine assuming all of the non-

volatile tritium is taken up in all cell nuclei of liver.

Then, assuming that only 5 percent of liver cells actually contain the
observed quantity of non-volatila tritium, and adopting the conclusion of
Bond and Feinendegen(74) that the RBE of intranuclear tritium is probably
close to one, WYade and Shaw(54) calculate a dose equivalent to nuclei of 1.25
rem per 1 mCi of tritiated thymidine ingested. This tritiated thymidine
dose is then compared to a statad dose of 1.25 rem per 20 mCi of HTO ingested
to conclude that "... tritiated thymidine is more hazardous as an intarnal
emitter than tritiated inorganic molecules such as water or hydrogen gas by
at least a factor of 20."(59) However, if the intake of HTO required to give
1.25 rem is calculated from ICRP data,(9’10) but with an RSE equal to 1 and

100 percent uptake of HTO, the comparable dose of HTO becomes 12.4 mCi to
(59)

(59)

give 1.25 fem -- not 20 as given by Wade and Shaw. Mzreover, the assumntion

that onlv 5 percent of the nuclei contain the tritium amounts to a proocrtionate
he numberof cells at risk in the “critical" tissue. Bond and

3 (
75) as well as Lambert‘ss

reduction of th
Feinendecen(74’ ) cite avidence that somatic risk may
be sstimated on the basis of average dose to cell nuclei, or the product of
average dose to cells at risk times the number of cells at risk. Thus, if the
dose calculated by “ade and Shaw were averaged over all cell nuclei, or
equivalently the fractional number of cells at risk were taken into account,
then the number of millicuries of ingested tritiated thymidine to produce a
dose saquivalent of 1.25 Pem for sematic risk evaluation ourroses would be

increased to 20 mCi, and the relative "radictoxicity" of tritiated thymidine

would actually be lass than that of tritiated water.

- b e W e g s - - .« - e mevem - : . -
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than the dose to nuclei from tritiated thymidine assuming all of the non-

volatile tritium is taken up in all cell nuclei of liver.

Then, assuming that only 5 percent of liver cells actually contain the
observed quantity of non-velatile tritium, and adopting the conclusion of
Bond and Feinendegen(74) that the RBE of intranuclear tritium is probably
close to one, Yade and Shaw(54) calculate a dose eguivalent to nuclei of 1.25

sar 1 mCi of tritiated thymidine ingested. This tritiated thymidine
dose is then compared to a statad dose of 1.25 rem per 20 mCi of HTO ingested
to conclude that "... tritiated thymidine is more hazardous as an internal
emitter than tritiated inorganic molecules such as water or hydrogen gas by

\
at least a factor of 20...(59;

However, if the intake of HTO required to give
1.25 rem is caiculated from ICRP data,(g‘lo) Lut with an RBE equal to 1 and
100 nercant uptake of HTO, the comparable dose of HTO becomes 12.4 mCi to

(539) Moreover, the assumntion

give 1.25 Pem -- not 20 as given by Wade and Shaw.
that only 5 percent of the nuclei contain the tritium amounts to a prooortionate
reduction of the numberof cells at risk in the "critical™ tissue. Bona and

(74,75) (66

Feinendagen as well as Lambert® ) cite avidence that somatic risk may

be astimated on the basis of average dose to c21l nuclei, or the product of

%
1

averane dose to cells at risk times the number of cells at risk., Thus, if the
dose calculated by Wade and Shaw were averaged over all cell nuclei, or
equivalently the fractional number of cells at risk were taken into account,
then the number of millicuries of ingested tritiated thymidine to produce a
dose equivalent of 1.25 Fem for somatic risk evaluation purroses would be

increased to 20 mCi, and the relative "radictoxicity" of tritiated thymidine

would actually be less than that of tritisted water,

- . R g S — i - .- . - - - - . A — v -
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Lambert(67) found that tritiated thymidine was 4 times as effective
as HTO per uCi injected intraperitoneally for decreasing the oroduction

of primary resting spermatocytes in mouse tests.(ss)

In the same set
of experiments, the mice were 2iso subjected to whole body radiation and
irradiation of testds alone, with little difference in effect. Also,
50 Kvp (1.2 mm Al HVL) X-rays were as effective as 200 Kvp X-rays (zbout
12 mm Al HVL). When the dose-rate of 200 Kvp X-rays was decreased at the
same rate as that froﬁ HTO, the effect of 30 rads of X-radiation was
equivalent to that from 20 wCi injected per gram of body weight. The
RBE's obtained in thes2 experiments ranged from 1.3 to 2.4. The calculated
initial dose-rate from 20 uCi/g body weight would be 20 x 3.6‘Ren/week* =
72 Rem/wk. For a biological half-life of 2 days, this would amount to a
dose during the 72-hour experiment of

72 -0.693t/2xz4

Dose (72 hours) ¢ 72 Rem/weak

J (163 nrs/wk) ¢ ct
t=0

72 43 s RO 1
=15 X 5T [e -0.693(0)/2 _, -0.693(72)/48 |

= 19 Rem (19/1.7 = 11 rads)
The dose during the earlier 13-hour ceriod wnen perhaps the sperma-

togonial cells are in more sensitive stages would ba even lower, uhen

averaged over body water. Lambert(57) obtained his doses to cell nuclei

/
*Obtained CR /31ues‘9 10)

.2 mCi/33,00C g o
1’1d' a i 100 u?"""‘/ esk; ra S"‘"Ie hu.l"
ccmﬂ.:*e mreat X ‘.“ 10/7 )3 mrem us‘rg the
for biolog 1 he o, (‘




A B e - ———

- —.

T

- 28 =~

from track autoradiographs, correcting to dose in rads absorbed within
the nuclear volume, which indicates for tritiated water that sperma-
tagonia cell nuclei receive the same dose from tritiated water as
calculated from the average dose to body water. (The calculated dose
above, hased on an assumed 2-day biological half-life in the mouse gives
an RBE = 30 rads/11 = 2.7, closeto the higher value g*ven by Lambert.(67)
Although the absorbed tritiated thymidine was contained mestly in
(67)

cell nuclei, only a small fraction of the administered thymidine
reached ce11 nuclei, so that the relative dose to nuclei per administered

microcurie was such that cell effects per unit administered dose were only

about 3 times greater for tritiated thymidine than for tritiated HTO.
Thus, the relative radictoxicity of tritiated thymidine/NTC would be

only 3 from these experiments, regardless of RBE or calculated doses to

c21l nuclei.* Furthermore, although the spermatogonia are particularly

sensitive to radiation, and responses may be observed for calculated

(75)

dosas as low as abcut 2 rads froem tritium, these rapidly proliferating

cells would perhaps also be nors capable of recovery and can sustain

censiderable depletion without loss of ability to survive or regsnerate
to full capacity. (67,88)

(68)

In another set of experiments, Lambert: studied the ingestion of

tritiatad thymidine in rats, and concluded that tritiated thymidine

56)
*In a later paper, Lamb rt(Js' states that the re

lative radiation doses
averagad over the testes were in the ratio of 1.5
a

iv
o1 for tritiated
tive dcses to the
JLID Wwd S 0.1 t‘: ].

at
t
thymidine compared to **i“'t } water; for the reia

cell nuclei {of scermatogonia), the correspording r

v pase e g
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administered by ingestion gave the highest dose to bone marrow cells,
about 34 times the dose given by tritiated water.

In a2 further set of experiments studying the effects on production
of resting primary spermatocytes, Lambert(ss) shows that although high
specific activity tritiated thymidine exhibits the greatest (spermatogenia)
cell-killing effact per injected microcurie among the several organic
compounds studied, the concept of average dose to the mouse testes could
be used within a factor of five to estimate the hazard from the compounds
studied: tritiated thymidine, uridine, methionine, and HTO. His main
conclusion from these and previous experiments is that "....to a first
approximation, there is no great difference in cell-killing effects during
90 hours axpcsure between the compounds studied relative Lo injected

"
+(66) He also reviews previcus work of others and indicates

activity.
that although earlier papers "indicated that tritiated thymidine should
be considarad several grders of magnitude more toxic to memmalian cell
systems than tritiatad water......later work has disprovad this con-
cept....," and yet, "....there are still reports published suggesting
that, on the basis of dose calculation, tritiated thymidine should be
considered an extremely hazardous material." Thus, Lamdert concluces
both from literature review as well as his own experiments that tritiated
thymidine is not more than five times as texic per injected microcurie
as cther tritiated compounds or HTQ.

Feinendegen an& Bond(76) have updated their review(74) of the effacts

of tritium inccroorated in OMA, cell nuclei, and other cell components,

L - —— - . . e ———— . - - S ———
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and conclude, consistent with their earlier evaluation, that cell killing
effacts can be explained on the basis of the average radiation dose

delivered to the cell nucleus. The effect of transmutation of H-3 to

He-3 after incorporation of tritiated thymidine or cytosine into cell

nuclei was estimatad to be much lower than the ionizaticn effect frem

T

beta decay, and not easily observed.
Tritium bound within the DNA of E. Coli was more affective in cell
e kiliing than that bound within the protein around the DNA core. Also,
tritium decaying in DNA (3H-thywidine) was about twice as effective in
reducing survival of Chinese hamstar fibroblasts as tritium incorporated
in RNA (3H-uridine). The effectiveness of beta decay was sometimes found
to depend on the position of the tritium atom in the pyrimidina ring.(76)
Tritium in the 5 position, but not in the 6 position, of cytosine was
found effective in mutation induction in E. Coli and bacteriopnage.
Tritiated uridine was more effective in inducing mytations in E. Coli
1t low temperatures (arginine reversion), and in Orosophila, when H-3 was
incorporated in the 5 rather than 6 position. The mutation probability
in €. Coli for the 6-to-5 position change rose from 0.22 x 10'8 per decay
per cell, increasing past the value of 0.67 X 10'8 for tritium-methyl-
thymidine in ONA. Since there was no significant difference in lethal
effacts of the two uridines, the § positien effactiveness was in this
case atiributed to a transmutation effect in the 5 to 6% of the uracil

% -

that was convertad to cytosine and incorporated into the DNA of the nuciaus.
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Tritium decaying in the 5 position of DNA cytosine in E. Coli was
interpreted as producing a coding change from cytosine to thymine,
whereas no such change was detacted with tritium decaying in the 6
position§77) Single and double strand chromosome breaks 1n‘pouse
leukemiaz cells stored at -196°C were also attributed to the beta-ray
dose to the nucleus from incorporation of tritium-metihyl-thymidine,
rather than H-3 to Ha-3 transmutation. The decay of two to three
tritium atoms in a cell nucleus of 6 to 7 um was estimated to deliver
an average dos2 of 1 rad to the nucleus; Lambert estimates the dose

within a range of 1 um to be 170 rads.(ss)

(76) conclude

From the preceding experiments, Fainendegen and Econd
that, under normal growth conditions, the calculated dose to the cell
nucleus from DNA bound tritium is comparabie, for a given degree of
effect, 0 the same dose from external gamma radiation. Transmutation
effects do not produce a measurably incre2sed effect under most con-
ditions, and hava been detectable at all only under highly speciaiized
laboratory conditions.

Colvin and Everts(78) showad that tritium from luminocus cempounds
could be absorbed througnh the skin of Chinese Hamstars in pregortion to
the amount of tritium appiied. However, the frequency of chromosoms
breaks from the compound cculd have been due to a chemical effect of the
compound, rather than the tritium. There was no statistically significant

difference in the frequency of chromoscmal ancmalies between the two

. ——— - S . A - e - - - - - - ———
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exposed groups of animals, even though they absorbed amounts of tritium
a factor of ten‘apart. The amounts of luminous compound applied (5 mg
of compound cver 1 cmz of shaved skin in each case, for 8 hours) was
the same for the two cases, and chromosomal anomolies for the two
exposed groups were significantly different from those in the controls.
No firm conclusions can be drawn regarding the cause of the amomalies
since there was no control group exposed to an equal amount of non-
tritiated luminous compound. It appears from the results, however,
that the chemical toxicity of tritiated luminous compounds may be much
more important than the effects of tritium radiocactivity.

79) have produced cancer in C57 Black/6 mice by

Mewissen and Rust(
injecting subcutanecusly 16 hours after birth with doses of 0.3 uCi/g to
1.5 uCi/g and follcwing age-specific mortality and tumor incidence, relative
to controls injected 16 hours after birth with cold thymidine. Hcwever, the
strain uf wouse employed in this experiment had a high incidence of spon-
tanecus tumors. The experiments were consistent with the findings of Lisco

t. a1..(80)

who had established induction of malignancies in CAF, mice at
dose levels of 1.0 uCi/g. However, tumor incidence was increased even at
smaller dose levels in tae C57 Black/6 mice, possidbly attributable to the

(7¢)

garlier age at injection. The denendence of susceptibility on age

at initial exposure is further suggested by the negative results obtained

2
(21) They found no change in age-specific mortality

by Johnson and Cronkite.
rates, nor alteration of incidence or time of onset of neoplasia, in mature
BML Swiss albino mice injected with tritiated thymidine in dosas of 1 to 5 uCi/g

body weight, at ages varying from 6 to 12 weeks. It should be pointad out
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further that the increased incidence of tumors found by Mewissen and
Rust was attributable entirely to an increase in lymphcsarcomas.(79)
Furthermore, an examination of their mortality curves shows that at
the highest dose level (1.5 uCi/g) the points indicating cancer incidence
return to scatter near the mortality curve for the controls; the authors
do not mention or explain this in their discussfon.(79)
Thus, these experimants on carcinogenisis indicate that tritiated
thymidine injections (which tend to increase dose to the nucleus) can,
in some strains,and for very early postnatal administration, produce
cancer in susceptible mice at initial cese rates of only about 1 rad/week
averaged over cell tissue, or about 4 rads/week to cell ruclei. (These
latter dos2 estimates are adopted from previcus paragraphs of this section.)
The effect is probadbly age dependent, may be species depandent, and apparently
may disappear for unaxplained reasons at the higher dose lavels.
In a review of the relative toxicity and permissibie concentraticns
of tritium and its compounds, Osborne(ez) has surmarized the evidence
explaining why, although some of the tritium £vom HTO and/or other compounds
may concentrate tritium in ONA or cther cell molecules, the net effect of
the exposure has never been observed to be more than 2bout 3 times that
expected from a calculation of dose to body water from an equivalent
(82)

activity of HTO. Osborne suggests, e.9., that although folic acid and

tritiatad thymidine may give three times the dose to cell nuclei as the

9
same intake to blood of tritiated uater,(°3) tha spatial concentratien of

that tritium absocrbed into cell nuclei is offset by catabolism of most of

. —— Sy — i - ————— T —— -



the tritiated compound before incorporation into nuclei. Moreover, seven

eighths of ingestad thymidine would be catabolized in the gut, and

additional catabolism of tritiated DNA precursors wouid take place in

tissue before they could be incorporated into cell nuclei.

After intravenous injection of tritiated thymidine at a level of 1
uCi/g body weight (the minimum snowing effects on bone marrow cell
turnover rates, with no marrowcell depletion in Sprague-Dawley rats)

autoradiographic and radiochemical analyses showed that 27 percent of

nuclei of labelled cells over the effective time until cell killing was

(74)

6 rads. If one calculates the dose averaged over all cell nuclei

!

!

%

i

%

| nucleated cells were labelled; the averig2 calculated dose to the

{

|

I

!

of the nucleated cells, cine gets about 1.5 rads. This may be compared
| to an average dose of about 0.3 rads to all body water {and nuclef as
well) if 1 uCi/g were injected as HTO. Thus, the average dose to cell
! nuclei from injected tritiated thymidine was only about 5 times the averags
dese to body water (and alsc approximateiy to cell nuclei) that would have

! been celivered from the same injected activity of HTO. Bond and Feinendegen
compare (from these experiments) a maximum dose ¢f 25-35 rads to the most
highly labelled cell nuclei (young megakaryocytes) with the 46 rads to marrow
g . - a2 - . 1)
of mice that would produce definita changas in the ONA content of marrcw.(8 .

However, the mouse marrow endpoint seems mora severe than that of Bond and

Feinendegen, and th2 species is different.

e A S
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In a later review by Cronkite, Robertson, and Feinendegen the

(74)

authors again confirm earlier conclusions as follows:

"1. The absorbed dose concept holds down to the order of

‘011

grams or less, and somatic effects can be predicted on this
basis.

2. The distribution of tritium atoms incorperatad into
ONA as tritiated thymidine (and ian pairs from the beta particles)
are randomly distributed as far as dose calculations for the
purpose of predicting somatic effacts are concerned.

3. Every part of the cell nucleus lies within one tritium
beta range of some part of a chromatid, and the nucleus contains
no sizabla contiguous insensitive volume of a radius exceeding
the effective range of tritium betas (1 to 2 um).

4. The origin of tritium beta tracks in, or their clcse
juxtaposition to, the DONA molecule cdoes not appear to enhanca tne
degree of somatic effects.”

In this later review, data available on tﬁe various types of somatic
and genetic effects as produced by HTO and tritiated thymidine are &zain
summarizad and seem to indicate that doses tc cell nuclei from the tritium
beta particles, whether or not they originate from tritium atoms within
DNA, can account for the effects produced. Also,the dosage from Leta
particles originating from ONA-tritium do not seem to be more than about
5 times as effactive as the same dose cdelivered by tritium atems distri-
buted in HTO within body water (and the water of the c2ll protoplasm and

nucleus). The review emphasizes some uncertainties in measuring beta
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particle tracks and calculating doses to cell nuclei. Also, it is not
always clear for every experiment described whether the authors are
discussing average dose to all cell nuclei of the tissue in uestion,

or the average or maximum cose to labelled cells. However, the analysis
above of Feinendagen's findings regarding killing of bone marrow cells,

(75)

which are again quoted in this later review, shows that the average

dose to all call ruclei is only five times the dose that would be delivered
by an equal injected activity of HTC. On this basis, ingested (or even
inhaled) tritiated thymidine would be further reduced by catabo1ism(82)
befors entering the cell and penetrating the nuclear membrane during the
stage of DNA synthesis, and could be reduced 1n effectiveness even below
that of an equal intake of HI0. There seems to be a paucity of actual
data, hcwever, on the relative tcxicitv of HTO and tritiated thymidine
when inhalad, incested, or absoirbed txru"gn the skiin by mammals.

(75) in which carcino-

Three studies are cited by Cronkite gt. al.
genesis was investigated following injecticn of tritiated thymidine into
mice.

85)
Cottier et. 513(85,

compared C-5701/68J mica injected with 10 uCi/g
body weight at each of thrse weekly intarvals 2gainst cortrols given
whole-body irradiation. The mice injected with tritiated thymidine did
not develop any thymic lymphomas, whereas those given three whole body

doses to a total of 480 rads develeped tha expectaed number of tumors.

(We may estimate that if the 10 uCi/g injections were HTO, the total dose

L —

deliverad to budy water would have been {see p. 27

5 ""Izu' .‘
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or with an REE = 1.7, 75 Rem. Thus, the effectiveness of the tritiated
taymidine, which did not induce tumors at this injection level, could not
be as much as 480/75 to 480/44, or 6.4 to 11 times as effective as HTO
would be expected to be in producing thymic 1ymphomas.)

Baserga, et. gl,(86'87) administered thymidina in doses of 0.1 to
10 uCi/g body weight into embrycnic, newborn and young mice up to 14
months of age. The higher the dose and the earlier in life it was
administered, the higher was the tumor incidence relative to nen-irradiated
controls.

(81) was also cited(75) in which mice

Johnson and Cronkite's study
(Swiss Albino) injected with 1 and 5 uCi tritiated thymidine per gram
body weight at 6 to 12 weeks of age showed no significant differences in
tumor incidence than non-irradiated controls or controls given 4CC R of
whole body gamma radiation. (Of course, considering the number of animals
used in these experimants, detection of small changes in incidence would

not be expectad.)

Thus, the review of Cronkite et. al.(75)

again indicates that tritiated
thymidine is not more than 10 times as radiotoxic as tritiated water per
injected microcurie, for various biclegical endpoints in animals including
acute and chronic somatic effects,as well as for cytogenetic effaects. The
relative radiotcxicity might even be lower for ingestion, inhalation, or

absorption through skin.
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Conclusions

When compared on the basis of equal microcurie intakes under conditions
of empioyment, tritiated thymidine may be assumed to be not more than a
factor of ten more radiotoxic than tritiated water. Other tritiated
organic compounds may be assumed to be about the same as tritiated water
in relative radiotoxicity, for purposes of hazard evaluation and establishing
good safety practicas. Actual relative radiotoxicities will depend cn the
type and form of compound taken into the body, the age of the exposed
individual and the biclogical endpoint consicerad. However, some earlier
expectations of a much higher effectiveness of tritiated DNA precursors
relativa to HTQ are not borne out by exparimental resuits. Ei"+~ts of
concentration of precursors into ONA are no% as high as originally supposed
and the transmutaticn effect has been judged to be unimpertant. Furthermore,
catabolism of ONA precursors and other organic compounds after rciral modes
of entry into the body, rapid turnover of tritium incorporated ia DNA with
each cell division, repair mechanisms and other factors tend to compensate
for the higher nuclear concentraiion of that sortion of tritiated CNA
precursors that reach cells during OMA synthesis. Good radiaticn safety
practice and design always provicde adequate additional safety factors to
allow for urcertainties in thase assumptions regarding the ranges ¢f

relative radiotoxicities.
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A.4 Derivation of Criteria for Zstablishing Tritium Dioassay Proprams

>

4.1 Basis for the Criteria

As ‘ndicated in Section A.l, the probability that an emnloyee will inhale
or ingest material in his wnrk environment depends on many interrelated
éaéﬁors. such as relative ratlintoxicity of the material and its natential
for dieparsal, tynres of processes, and safeguards provided through facilities,
equipment, and nrocedures. Hovever, experience with tritium in benchtop
or chemical fume he~d cperations has shown that there are activity levels
in cartain processes above which the likelthood of intake of measurable
quantities of tritium becomes appreciable, and there are higher levels
at which the probability of exceeding what the ICRP has Eonsidered
"derived investigation levals" (DIL) becemes appreciable., Some of thesa
experiences, and empirical data on probabilities of intake, have been
sumnarized in Section A,2

Thus, using the exnerienca and exrerimentation discussed in Secrions
A.1 to A,3, the activity levels in Table 8.1 above which tritium
bioassay “shall be requivrad" or “shall be considered” are derived
as follows:

1. The minimum activity of HTO si determined that could have an
aprreciable probability of resultiang in anintake of 1.5 mCi, piving
a whole<bndy water dose commitment of 0,75 rem (the ICRP "derived
investiratian Tevel” (DILY), if all releaced within am's lenzth of

an emnlovee working on an onen bench (the "maximum credible accident"),

-

< his larsel i: selacted 2c *he value in Table S.1 (100 mCi)
abova which some type of biocassay samnlinp propram shall be reanuired

for the emplovee (perhans anly aceasionsl binassay schednled after

particulac oneratinns, as jurdred by the health physicist).,

— - R . - -— | —— - . ———



3, The level at which bioassay "shall be considered" is taken

as 10 times lower than that at which it i3 requnired, since in the

extremelv unlikely situation wvhere the total quaatity is taken into

the body, a dose commitment of about 10 rem (with RRE = 1.7) could be
received, and in the opninion of most health nrofessionals deses of
such a mapnitude exceed the recnmmended permissible annual limits and
should be detected and recorded, even though not likely in this rare

instance to cause recognizable harm to the individual or add an

amount to his lifetime cumulative dose that would preclude his returning
to emplovment in radiation work. Also, for tritium bioassay the

) (10) _, "
sensitivity of detection of tritium in urine is such that bioassay

can be useful in monitoring employee exnosurcs even in morz likely

! nxrosure situations (more "credible" accidents or routine exposure

——

situations), In keeping with the nrinciple ~f maintainins exrosures

Was law as reasenably a~hievablie' (ALARA), a reasonahle monitoring

program should be nrovided whenever 10 nercent of the DIL mav be
roceived, in order to help undavstand and contrcl rfources af exrazure
as well as cocdument the emnlovee's actual exnosure status,

4, The apnranriate cnrresnmanding activity levels in Table 2.1 fer
tritiated DilA precursors, other tritium cemnounds, and triticm gas were
chosen by considering onerational experiences and radictowicity ralative
ts HTO, as discussed in Sections A,1 - A.3.

5. Activity levels in operatinnal processes within fume hoods
! (even when contained within process vessels that may fail only accasionalle)

are 2llowed to be ten times hisher than those on an aopen b

-
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binassay procedures are eonsiderednecessary OF useful, An average

protection fictnr nf at least ten mav be assumned 3¢ a ventilated

hood, properly used and maintained at ade&uatf face veloc!ties.(l'63)
6.For processeas contained within closed, nroperly desinned,

zloveboxes or Other failure-proof containment systems, no siven values

can be presented that can be considered reasonable for all situations.

The same is true for nuclear reactor {nstallations, or other facilities

in which tritium may (or sometimes mav nnt) be diluted to very low

srecific activities of the material in nrocess (see Section A.l and A.2).

In these cases of extremely reliable containment or assurance of

ryfficiently high dilutions, the need for bicassay must be avalyated by

a nrofessiunal health physiecist in consultation with appropriate

cupervisars or nlant engineers wha know the detailed nracessas, equirmnnt,

facilitias, work conditions nf the snecific tasks, and specific

qualificanions of rhe employee. The avaluation in these cases may also

{nelude the evaluation of pre-emnlovment and initial bicassay samples,

air monitoring results, and cnotaminaticn surveyvs, as well as the

omplovee's age, Yealth, emplovment status, trajininz, work historv, and

history of previcus exposure to radiation and nther envirnnnental agents,

faduatrial medical participation in tha determination of the need for

binassay may also be annronriate in many iastances.

e
e
™~
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Prababilities »f Intale nf Radimactive llaterial 40 Varione
Q

iegations
2 e a5

A number of work situations Lave been discussed in Sectinn A.2 fnar

waich the amounts of rréiractive mnterial raken into the bodvy have haean
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related to amounts of radicactive material in process, The maximum
reported fractional intake of material (n process following an accident
actually occcurred with a spill of tritium as HTO within a fume hood.
In this case, less than 1 per cent of the HTO in prncess, which was all
spilled onto the hnod benchtop, was taken into the body -- presumably
because the student involved wined the spill with paper towelling and
violated the ventilation protection by removing the contaminatecd

towels to the outside of the hood and nast his face for disposal, Thus,
the "maximum credible accident" is taken to result in about a 1 per cent
intake of the material in process.

All other a=cidants reported in the literature showed that
fractional intakes were less than about 10.6 of the material in process,
excent for one case of 10-5 under conditions of poor ventilation.
Thus, the assumpticn of a 10'2 fractional intake should be sufficiently
conservative for nurnoses of planning binnssay prozrams, and vet will alsn

he seen (from Section A.2) to result in eriteria that will be reasnmnable

v

from the standnoint of experiences with intakes from monthly amsunt
routinely nrncessed. (The values in Table B.1 arzs deemed anrlicable

either to single onerations with the given amount in nrocess, or to

routine. repeated cnerations for the same integrated amount processed

Ly the ziven emnlovee aver A perind of one nmonth. The emnirical data

and exrericnce presanted in Section A.2 allow this fortuitous simnlification
of Table 8.1 so that it can aprly to a braader rance of woark situations,)

T

The selection of bioassav samnline frequencies or schedules is

discussed in another section of this standard. It may be noted that with

(11,13,19)

(7,8,1,14,62)
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proper selecticn of the binassay sampling interval, an adequate sensitivity
and sufficient accuracy for the detection of an intake of 1 DIL may
be achieved whiethar there is a single intake during any one month,
or whather the 1 DIL is the intearated intake of a series nf single
intakes or continuous expnsures.(lo‘lz’sa'sg)

1t is also interesting to compare in this section the usual range
of factinnal intakes from accidents, and the levels of tritium in
urine for various routine onerations discussad in Section A.2, with the
astimated annual exnnsure of a person wearing a tritium-activated .
luminous ti:eptece.(go) A luminous wateh is worn at about arm's length
at a similar distance from the body as the radionactive material in
situations diseussed in Seection A.2., Cver the nericd nf a one-year
vearing interval, a nlastie watch crystal may delay diffusion of
a given free HTC molecule from hte face of the timepiece fnr a fav hours,
but would not be axpected tochange anpreciably the amount of tritiun
(exchanged to HTO) that +ould be emiztad from the watch over the conee-
vear neriod, Thus, it may not be entirely fortuitous that when the
averase activity per wvatchdial (aboul 1 « 5 mCi) is sealed up by 2
gactor nf 1,000, the dose ton a watch wearer seales up from an estimated
dose of 0,15 mrem for a 5 mCi wnt:h(GO) to an wnnual deose of only
n.15 rem per 5 Curiss at am's leagth. This dose is about the same in
magnitude to that observed for workers nrocessing comnarable quantities

in benchtnn ~nerations in s~me installations. (Sea Section A.2.)

— - wone muh s A SO« O —_
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A,4.3 Derivation nf Artivity Cuide Lavels of Table 8.1 Abnve Which

Bioassaw Mav De Needed nr Deonired

According to the criteria deseribed in Section A.4,1, and using
the upper limit estimate of 10-2 as the maximum fractional intake of
marerial released (in a single incident or over a sne-month interval),
the values for Table 8.1 were obtained ac follows:

1. For lITO, or TZO, 100 mCi x 0.01 = 1 mCi, which is almost the
DIL of 1.5 mCi intake(IO) selected as the criteria above which biocassay
shall be required. This extreme intake could result onlv {f the entire
100 mCi were released from process, and the hiphest fractinnal intake,
0.01 of released material were taken into the body (see previcus section).
Assuming that this entire 100 mCi could be released in an opan bench
accident, it thus becomes the level in process in oren-bench operations
(within erdirary non-failnre proof 'aboratory vessels) above vhich
bioassay shall be required,

5, The lavel above which biocassay "shell be ennsidered" is 19
times lower than that above vhich it "shall be requirad’, As discussad

in Seetion A.4,.1, cthis recommendation aravides far matintaininz eontrol

(1Y

of onerations and maintaining exposures ALARA. The level of 1C =Ci is

also in ressonable agreement with some present nractice and nrofassicnal

¥ (13,2,91,92) : Cdaead ) L y S
oninion, but it i3 consideread too restrictive a level for

(4,13,5%,83)
an absolute recuiremeant £ar bioassay in come laboratory situatiens., ' 7]

> (14 : . . ; . .
Fvans has indicated =hat whea there is 10 mCi or less of tritium
in frequent use, there is little need £ar premaratory work,
3, The corresponding "shall be required" and "shall be consideread!

\ .
vom =
venca

levels were taken 10 times higher far fume heed than for anen

iy = P o i 1 S WS (g AP -~ PR . v o — . ——— - - e



operatione with HTO (1 Curie and 100 mCy, respectivelv), Properly designed
ventilated fume hoo’s may be assumed to pravide at least a factor of ten
protectisn, as discussed ear!ier.(!° i

4, Tritiated cemneunds othar than DNA pracursors were assumed to have
the same radiotexicity ae HTO, for reasons discussed in Section A.3,

5. Tritium gas (HT or Tz) was assumed to deliver 1,000 times less g
doase per micrﬂcurie-sec/m3 of exnosure as HTO, Literﬂturc(az) and
caleculations discussed in Section A,3 indicate that the relative radio-
toxicity is probably cleser ta 10,000,

Hoever, values in Table 8.1 for tritium aass are conservative
{an the safe side) ~nly when cenditinne assure absclutely that the tritium
can nnt be nxidizred to HIO or T20 nrinr to release te the wark eavironment,
Uxperience has she:n thsaL megacurie quantities of tritium pas can be
hwandied with praner facilities, squinment, and nvecedures, without
exnosing emnlavees to unacceptable dcs::s.(z'zrn An accident has even
aceurrad in whiech an emplovee released many hilecuries of tritiun gas
within a hood while his head was over the noint of release, and vot

he roceived less than 100 mrem integrated dese. This experience is

consistent with the calculations nresen

or
w

d in Sestinan A.3, n. 20, On

A
-

the otler hand, in the tuwn cases on record where human injury

(and deith) was avesumed frem autonsy reeulrs ta have rasulted fr-m larrpe
n - _‘.L tren ~ B - :

of tritium eas vere ntilized annually to nrepare luminous comnnunds

o

withont pramer pyntective equipment and aracradures. In these cases, the
biocassav nrogram by itsclf did not rrevent injury. Those injurier Anl

doaths resulted from exrosurss consistent with fhose that wennld have

(25)



prevailed for the quantities of material in nrocess {f the tritium

had autne-oxidized, nr had been oxidized in the manutfacturing nrncesses,
befora intake Ly the employees (see Section A,2). These two cases

heln to indicate that the depree ~f conservatism provided fo= HT? and
critium pas in this standard is warranted. They also indicate that
standnrde_«f facility, equirment, and procedure design for safe handling

3,92
of radioactive materia\s(l'2-6a‘.2 38)

are not without foundation.

6. Tritiated DNA precursors have been assumed tn be ten times as
radiotoxic per microcurie inhaled as HT&, for obc;ininq correspendine values
of Table 8,1, for reasrns discussed in the literature review and
analysis of Sectien A.3,

The above factors were used to obtain all values in Table 8.1, which
provide firm guidance but still require judgment in regard to the tynes
and quantities of material to be procazssed as well as the nther human and
ngineering factors already discussed, Proper facility and equirment design,
adequate training, safe aneratingz aracedures, annranriate sarervisicn, 2ad

ather asnacts of a +ell-planned and orzanired radiation safety oronra

.

will eombine with the recemmendations of this standard on bisassar pracadures
tn mravide adenuate safaty factars and reaa~nable nararertinsn te emnlataes

at reascnable ecost,

ﬂ(1,2,63."2-38)
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BIOASSAY REQUIREMENTS FOR TRITIUM

[. Conditions Requiring Bioassay

A. Routine Bioassay is required when quantities processed by

an individual at any one time, or total amount processed per
month, exceed those for the respective forms of tritium as

shown in the attached Table 1.

8. Above 0.1 of, but less than, the levels in Table 1, routine
bicassay is required unless a written justification is submitted

for not performing biocassays.

C. Except as stated in I.D. below, bioassay is not required for

process quantities less than 0.1 of those in Table 1.

D. Special bioassay measurements should be performed to verify the
effectiveness of respiratory protection devices and other
protective clothing. If an individual wearing a respiratory
protective device or protective clothing is subjected to a2
concentration of tritium in air (in any form) such that his or
her intake with no protection would have exceeded that wnhich
would result from exposure for 40 hours per week for 13 weeks
at uniform concentrations of tritium in air as specified in

Appendix B, Table I, Column I, 10 CFR 20,* bicassays should be

*Multiplying the concentration give:. in Appendix 8, 5 x 10'6 uCi/mi, by
6.3 x 108 m1 gives the correspgonding quartarly intake of tritium by
inhalation. This is assumed equal to the uptake of tritium (as HTO) by
absorption through the skin unlaess the form of tritium in the air can be
demonstrated to have Tower uptakes. The total uptake, including skin
absorption, would be assumed to be about 5.3 mCi, which delivers a dosa
commitment of about 1.25 rems ¢o standard man.
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performed to determine the resulting actual tritium intake. These
specfal bioassay érccedures should alsc be conducted, for personnel
wearing respiraters, if for any reason the average tritium concen-

tration in air and the duration of exposure are unknown.

Who Should Participate

All

workers involved in the processing of tritium, under conditions

specified in I above, or sufficiently close that intake is possible,

should participate.

what Types of Bioassays Should be Performed

4

A. Baseline (including Pre-employment, or Pre-operational Urinalysis,
not more than one month prior to beginning work with tritium
requiring bicassay under Section I abova),

B. Routine Urinalysis o=

C. Post-operatignal. Within one month of las+ pessible exposure
to tritium.

0. Diagnostic. Within cne week of any sample exceeding levels
given as action points in Section V below. See V.A.2.(d).

dcw Often

A. Initial Routine Samples

Within 48 hcurs foliowing entry of an individual ints an area

where operations reauire bioassay accarding +o Section [.A and
Y z
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B above, and then every two weeks or more frequently thereafter.

as long as the individual is working with 3H.

B. After 3 Months

The sampling frequency selected in accordance with Saction IV.A
above may be changed to quarterly if, after 3 months, the

following 3 conditions are met:

(1) The average urinary tritium concentration from specimens

obtained during the 3-month period does not exceed 3 uCi/Nn,

(2) Where measurements of the concentration of tritium in air
are required as a condition of the license, the quarterly
average concentration (uCi/ml) to which workers ars expesed,
multiplied by the factor 6.3 x 108 ml, does not exceed 0.8 mCi,

and

(3) The working conditions during the 3-month peried, withs
respect to the potential for tritium exposure, are
representative of working conditions during the period
in which a quarterly urinalysis frequency is employed,
and there is no reasonable expectation that the critaria

given in (1) and (2) 2bove will be exceeded.

Y. Action Points and Carressonding Actions

A. Bi-Weeklv or More Freauent Samolina

o

1. If urinary excretion ratss exceed uCi/liter, but are less



ol

than 50 uCi/liter, the following course of action should be

taken:

(a)

(b)

(c)

(d)

a survey of the operations fnvolved, including air
and area monitoring, should be carried out to determine
the cause(s) of exposure and evaluate potentfal for

further larger exposures.

Implement any reasonable corrective actions indicated
in the survey that may lower the potential for further

expeosures.

A repeat urine sample should be taken within one week
of the previous sample and should be evaluated within a

week after collection.

Any evidence from (a) and (b) indicating that further

work in the area might result in an employee receiving a
.

dose commitment in excess of the limits estabeshga'in

§20.101 should serve as cause to remove the employee from

work in this operaticn until the source of exposure is

discovered and corrected.

If urinary excretion rates exceed 50 uCi/liter, the follewing

course of action should be taken:

(a)
(b)

Carry out all steps as in 1.(2) to (d) above.
[f the projected dose commitmen® exceeds § rems, report
the incident to the NRC in accordance with §20.403 of

10 CFR Part 20.
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(c) Refer the case to appropriate medical/health physics
consultation for recommendations regarding therapeuti
procedures that may be carried out to accelerate removal
of tritium from the body and reduce the dose as low as

reasonably achievable.

(d) Carry out repeated sampling (urine collections of at
least 100 m1 each) at approximately one-week intervals,
at Teast until samples show an excretion rate less than
S uCi/liter. If there is a possibility of Tong-term
organic compartments of tritium that require evaluation,
continue sampling as long as necessary to ensure that
appreciable exposures to these other compartments do not

go undetected.

8. Quarterly Samoling

-
fv
Carry out actions at levels as indicated under A. above, and if

the excretion rate continues to exceed 5 xCi/liter, also
reinstitute biweekly (or more frequent) sampling for at least the
next 8-month peried, even when urinary excretion fails helow

5 uCi/liter.
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