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MEMORANLUM FOR: I. Craig Roberts, Assistant Director ~

for Site and Health Standards, SD

FROM: G. Wayne Kerr, Assistant ~ Director
for State Agreements Program, OSP

SUBJECT: REQUEST FOR ASSISTANCE - EVALUATION OF TRITIUM
EXp0SURES

The State of Alabama and Georgia ha e 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 fromlicensing.

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

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

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

Individual 3H Concentration, nCi/1

A 357
-

B 315
C 286
D 345
E 312

If the tritium to which these individuals were exposed to was in the
form of tritiated water, the associated organ (body tissue) doses would
be quite small. However, we are uncertain that this is the likely case
for persons handling finished tritiated lumincus components. A study by
Jones and Lambert suggests tritium may be released frcm 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. .; .

__

_

W':f faG. Wayne Kerr, Assistant Director .
for State Agreements Program

Office of State Programs

:
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; Enclosed is a 41$:\ti.' revised third dyaft of
i Section 8'. "Criscrii. tyr Determining the !!aed for a

liioassny Proc n:.h, /A, " Derivation 'of t-he Criteria for
h.nd the additionni bsc!y.round'

'hmaterial, Ap? ndi-1.i .

j - " Determining the 5cY,d for a Bicass;:y Program", which I'

! promised you eartic't. Section 8', which is intended for

. I incorporatica in the next draf t of the standard, consists
! of only 've pages, Table 8 L; and three references.
L / /

I, ' m o r'fy b. I could no get the b"Lc'e~.gro'and materinI
!. to von cooner, but hop.2 that it 10 still in time to

be ncii.ful in prepari:m for nur meeting on June 26.I '
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! APPEi1 DIX A

. DERIVATI0!1 0F CRITERIA FOR DETER |1I?!I!1G THE ilEED FOR A TRITIUM BI0 ASSAY PROGRAi4

A.1 Introduction

The need for tritium bicassay of employees 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 facilitiesi

provided to prevent occupational exposures, and the probabilities that .

significant quantities of tritium may be inhaled or ingested with the particular

materials, procedures, and facilities involved.(i) Thus, the choice of an
'

!
i

optimum combination of safeguards, including bioassay, is a complex problem

and should be carried out in consultation with a professional health physicist
I

,j experienced in tritium operations. However, experience (2-5) with'the processing

!
and use of tritium in various forms now allcws the derivation of reasonable-

standards for determining the need for bioassay sampling and analysis under

; certain defined circumstances of operation.
.

The levels of operation with tritiated water above which bioassay checks!,

or routine evaluations have been carried out have varied considerably betweeni
1

institutiens. In some instances there is evidence that requirements have-

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

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

a suitable bicassay orogram at an early date may have partly been responsible

for serious overexposures.( Levels of operation above 10 curies of HTO in
,

volatile or dispersible form, were deemed to require at least occasional bioassay

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

process, based on experience with plutonium and scaling up quantities eight

orders of magnitude according to the relative dcse per unit activity inhaled.(I)!

.

! '

!
:
' . - . . _ ,.._ .
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However, experience has shown that tritium as HT0 can also penetrate certain

protective gloves and be taken in through the skin unless gloves are washed'

frequently.(2) Also, incidents with smaller quantities of tritium have yielded
,

I
measurable exposures that some institutions believe should be recorded for

radiation monitoring purposes, even though these instances are rare and the

cumulative exposures are small. ,

i

|
Experience from accidental releases does indicate that the probability

of intake by inhalation would generally be much less than 10-5 of the material
,8)in process. Assuming protection of hands and forearms in the case of

tritium, these values from operational experience should also set a practical
I

,

upper limit to the fraction of tritium inhaled compared to material in process.

On the other hand, in many installations, since tritium as HTO can readily

be taken up thrcugh skin or inhaled, and the intake of only about 5 millicuries

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

:
' below for open ccerations with little or no additional containment. There is

;

considerable opinion that bicassay services at least on a sampling basis;

should be considered at levels of operation above 10 millicuries per worker'
+

!, in process in order to achieve' ALARA exposures, unless the nature of the opera-

i tion insures additional containment to prevent employee exposure. Thus, in

,

order to balance the apparent differences in practice and ooinion, and provide
,

a sounder basis for establishing bioassay programs, the following sections

of this appendix consider the available scientific data and accumulated opera-
! tional experience in order to derive suitable activity levels as a guide for
,

bicassay program requirements.

| -

!,
!
I
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A.2 Exoosure Exoerience with Tritium in Various Processes

More recent experience with tritiated compounds has shown that the level

of 1 curie (I) above which chemical hood operations should be considered, and

10 curies (I) above which enclosed glovebox operation should be considered,

are also generally applicable for many tritiated compounds as well as HTO.(2,3,6)
.

] Significant fracticns of tritium in urine (compared to permissible levels for

continuous exposure (28 microcuries per liter ( ,10)) or to the derived'

investigation level of 35 uCi/ liter immediately following single intake of

1.5 mci (12) have been found in employees working within chemical hoods with

quantities of tritiated compounds in the range of several curies.(2,3,6,ll)

] Thus, recomendations for bicassay for tritiated compounds, other than pre-

| cursors of nucleotides, will thus be the same as for HTO except when the

f compounds may be assured to be of lower. volatility, dispersability, or. release
'

i 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 equivalent for single intake of

j no more than 1 rem would be possible from the inhalation of 10 milligrams of

! the highest specific activity of any material that could be accidentally

i released into air within 8 hours, then bioassay may not be necessary until
!
j higher levels of activity than those in Table 1 are in process. Whenever
!

consideration is given to specific activity of the material in process, an"
.

analysis of initial bioassay data and air monitoring data, as well as a written

evaluation of the entire procedure, should be carried out by the health

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

L a large volume of coolant, the need for bicassay would depend on a large number
;

i!
;

- . . - - _ , . . , . . . - - . . - . . . - - - - - - - ~. .,. -..w.----.. . - - - - .
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i of design, operating, and procedural factors. Thus, for reactor installations,

!
the need for tritium bioassays other than the initial and separation samplest

:

should be based on a measurement and assessment of air concentrations of tritium?

to which employees may be exposed.
I

1

i Radiochemical Industry Experience
'

! Evans (14) has described the types of laboratories required for handling
|

| multi-curie quantities of tritiated compounds and for tracer quantities. The
i
| need for adequate ventilation when handling tritium is also stressed. Thus,
i

| the requirements for bicassay sampling need to be related, as far as possible,
i

i to the degree of protection afforded by exhaust hoods and ventilation systems.
I
; Evans (14) indicates that when there is 10 mci or less of tritium in frequent
i

use as tracers, there is little need for preparative work. This may be taken

! to indicate that experience at the Radicchemical Center' has shown there is
!

little likelihood of significant intakes of tritium below levels of 10 mci in

operation.

Luminous Timeciece Industry Excerience

i In a study of a luminous dial painting plant, Moghissi et al.(15) havei

! found that an employee working in a hood withcut gloves but under conditions of
r

i '

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 tritica per month (read from Figure 2, Reference 15, which shows
.

a regression analysis of the data). Before plant cleaning and use of bench

covers, the comparable average urine concentration was abcut 34 uCi/ liter for

10 Ci per month orecessed,(15) just below the ICRP derived investigation level.(12'>

.

*

,

,
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Experience of the investigators during this study indicated that a major

j part of the intake in this kind of operation could occur through skin contam-
!

I ination, although general air concentrations could also account for a major
i

I portion of the exposure. The operations in this plant of 15-20 dial painters (15)
i

involved painting methods ranging from sophisticated rotary applicators to.

hand-opeiated painting machines and manual painting.

In a plant with fewer workers, using only closed " pens" with which small

| amounts of tritium are applied by hand to dials and hands, the processing of
I

i 10 Ci/ month would lead to about 10-20's of the urinary levels measured by
I Moghissi, et.al(15) with very rare approach to 35 pCi/ liter or above.(16)1

_

| Initial preparation and mixing of the tritiated polymer, zinc sulfide and
i

j adhesive used to make lumincus paint are generally carried out within enclosed

gloveboxes vented through ~ absolute filters.(15-17) An empicyee working on
!

; j the preparation and mixing process through a single pair of gloves, several
!

| hours per week, has shown urine levels of about 20 pCi/ liter when processing
''

on the order of 800 Ci/ month,(17) which would give a urinary level of 0.25 pCi/'

; liter for 10 curies per mcnth processed. This urinary level is less than lis
i i

| of the ICRP derived investigation level, and can be attributed to diffusion of

tritium through the glovebox gloves, which could possibly be decreased further

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

! box gloves. The tritium paint contains tritium in the form of tritiated poly-

f styrene with specific activities of 250 mci / gram of paint or less.(15,17)
2

However, the tritium to which employees are exposed behaves in the' body in a

manner similar to HT0 for purposes of dose estimation, and most of the tritium

in air is recoverable as HTO.(15) Thus, from excerience in the luminous paint'

-
.

i

- - . _ - - . . . - _ . . . _ . . _ . _ . . . . . . _ . . . . . . _ . . . . . ._ . . _ _ .
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industry the use of gloved boxes or closed systems for handling tritium as

HTO or organic compounds may be assurred 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 (5)"

attributed, at least in part, to tritium paint production and processing in

the absence of safety precautions. Although the workers involved had pre-

viously been exposed to unspecified amounts of radium and other nuclides

during their careers, Seelentag(5) 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 produce
"

urine levels of 140 to 1,120 pCi/ liter, showing the need for a protection-

factor of 100 or more..
,

'

Measurements (18) of air concentrations, surface contamination, and urine
,

f concentrations of employees in establishments of wholesale timepiece importers,

! retailers, and refinishers have shown that urine concentrations in these
i

} establishments were generally well below 1 pCi/ liter. This is true although
i
| resuspension factors as measured by the ratio of air concentrations / surface

concentrations were relatively high compared to those for other types of

radioactive dusts. This implies that surface concentraticns frcm the handling

of storage of these timepieces were not sufficiently high (although up to
2several thousand pCi/lC0 cm ) to pose a significant inhalation hazard. Ini

fact, most intake of tritium in storage areas was believed to result from

.

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

moisture in.the ambient air.08) The highest urine concentration observed'

'

was in a pcorly ventilated storage area through which passed about'40,000
. ,, . - J-.j-;t -

.4.. ;.,
,

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

employee was 2.7 uCi/ liter giving an estimated 500 mrem per year.08) Thus,

handling 10 Ci/ month in importing, retailing, or refinishing establishments

should result in less than 10% of the derived investigation level for urinary

excretion.
!

^

L Academic Institution Laboratory Exoerience

O3) has found no urine samples exceeding 1 uCi/ liter out of 10201 son

samples frcm individuals working in university laboratories (1971-74),

presumably always with at least fume-hood protection, but with quantities of

0.2 Ci bi-weekly or 1 Ci per single operation. The range of urinary values
I is relatively consistent with that to be expected from the experience of

watch-dial painters mentioned above,05-17) who worked with exhaust ventila- '

tion and hand-painted using special luminous paint pens. Olsen recormends

bicassay above 10 mci in process on an open bench, and above 1.Ci in process
.

in a well-ventilated hood.

An accidental spill was reported by 01sonU 9) that might be considered

a practical upper limit to a single-incident dose c'ommitment to be received
)

from fume hood operations with tritium in research laboratories. About 78 mci

of tritium as HTO was accidentally spilled on the floor ~ of a hood and was j

inmediately wiped up with paper towels by the graduate student involved.

Instead of disposing of the towels within a container in the hood,the student )
allowed the towels to pass close. to his face and placed them in a radioactive

i

= .,wg.. . . . , , ,
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waste can outside the hood. In this case, the estimated intake was 0.6 mci
,

!

-based on a peak urine level of 14 pCi/ liter, giving a calculated dose commit-

ment of 100 mrem. Thus, the fract.ional intake was almost 1%, much higher

| than any reported by Franke, et.al.(7) However, this incident indicates that

100 mci processed in 'a hood would not cause incre 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 Installatiens,

Tritium build-up in activation products from particle accelerator beams
_

; _isnot generally a significant health physics problem {20)exceptasaspallation
I 150 for high-energy proton beams,(21) and for the tritium inproduct of
|

| targets.(22) The build-up of tritium in cooling water of the LAMPF(21) accel-
>

erator has reached 1.8 x 10-2,qCi/ml, and a production of 50-100 curies per

year is expected in the next few years. However, this level should-not pose
!
I a serious 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 (0,T) reactions for

fast neutron generation.(??) Exposures of about 0.5 rem / year have been--

received by employers during the following operation: loading uranium

furnaces with T2 gas (500Ci); transferring T2 into and out of the target;

* inhalation exposure during disassembly of accelerator parts that contain

! absorbed tritium gas; venting of mechanical vacuum pumps, routine maintenance
! ~.
|:

.

!:

. . - - . _ . _ . . - . . . .. . . . - . . . . . ... .
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of vacuum pumps including cleaning and changing oil; and ingestion of
.

tritium from handling surfaces that have absorbed tritium.(22) Tri tium
2concentrations.as high as 0.6 Ci/lCO cm have been measured by swipe

tests on disassembled accelerator. parts. Urinary levels rose to as high

as 53 Ci/ liter during disassembly of the target and removal of thep

vacuum pumps, although levels of urinary tritium indicated average

exposures about 10 per cent of maximum permissible levels for the annual

dose commitments of three workers. Wackly or more frequent bioassays

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

there would appear to be a need for tritium bioassays whenever acceleratorI
'

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 personnel

exposure when 150 Ci of tritium gas was transferred in a closed system to
I the furnaces without any disassembly of accelerator equipment.

|
Hiah Level Operations With Trit.iun ces

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

}
facilities designed to minimize the concentrations of T 0 or HTO in the

2
3

] employee's environment.(23) Urine levels in 3800 samples, averaging 600

samples per year taken on a once-per-week frequency (more often for "special"

: bicassays), showed 90 parcent less than the 23 fCi/ liter action level, and
i
i only four more than 100/Ci/ liter. Box gloves were monitored frequently-

3for leaks, and working levels within the gloves of up to 5000 <Ci/m did
.

not result in uptakes exceeding weekly permissible levels. If levels

,

i

f

:

I
~

--- . - - . . . . . . - - . . . . - - - . _ . . - - . . . . . . .
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| exceeded 5000j:Ci/m , the gloves were changed. The levels in the box
3

| atmosphere did not generally exceed 0.1 Ci/m ,
1

J
Special precautions were taken to properly vent vacuum pumps and

carry out equipment decontamination or maintenance with proper protection.

Vacuum pump oil was reported to ,have levels as high as imCi/cc, but oil'

<

.

changes by technicians wearing surgeons' gloves, with the pumps placed

in hoods, 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 hood directly

over the release point, the experimenter rece'ived less than 100 mrem total

I integrated dose.!

;I This experience (23) and that reported by others(2) demonstrates that,
t

| with appropriate equipment and procedures, pure tritium gas can be handled

at activity levels thousands of times higher than corresponding levels for
.

'
tritiated water before appreciable occupational exposure levels will be

|[ reached. However, allowance can be made for the lower dose from tritium
i-
{

gas per millicurie inhaled only when there is absolute assurance that sig-
I
;. nificant water or oxygen is not present in the processes of concern. presence
:

| of water or oxygen must be avoided to avoid formation of tritiated water beforo
I any potential point of release or dilution of the tritiated gas in process.(24'#i

|. Also, if there is a possibility of leakage or escape of tritium gas out of
i

( an inert atmosphere in curic quantities or more, ventilation protection and

appropriate disposal ratner than containment within secondary enclosures

will help to avoid build-up of HTO and increased exposure potential.(20.

i

. . . . _. . . .. . . . . . - . . ---- - -
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Thus, with appropriate equipment and procedur.es to. guarantee that
,

employees will not be exposed to appreciable quantities of tritiated

water, tritium gas may be handled at activity levels several orders of

magnitude higher than those for HTO or T 0 before appreciable internal2

exposures measurable by urine assay will occur from ordinary or acci-?

dental releases of the tritium gas in process.

Reactor Guerations
.

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 coolant.(24,26-28) The

dilution of the tritium is such that concentrations of tritium in the coolant
of light-water power reactors is not likely to exceed 0.1-0.01/tCi/mi .(26,27)-

i Concentrations of tritium in air within the containment building of a light (LWR)|

pressurized water power reactor have generally been maintained less than

~0 <Ci/ml, and employees entering the containment building for a few hoursI 10 /

per week have generally shown negligible or small quantities of tritium in

urine, well below the derived investigation level of 35/ Ci/ liter.(26,27)
;

Experience at a 5 Megawatt deuteri'um-moderated research reactor has indi-#

cated that urine levels of employees will become significant when the coolant

exceeds several hundred microcuries per ml .(28) Thus, activity levels in wR
.
t

; coolant are generally low enough so that large single exposures to employees
i

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

t

j that quantities of radioactivity diluted to a lower specific activicy with
! more than 10 villigrams of other material will be inhaled during occupational*

exposure.(2N

: .. . . ~ ,- -

3_ _ _ . . . . ..
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j There is a lesser likelihood of exposure to tritium at boiling
s

water reactors, and greater at heavy-water moderated reactors.( }

! However, for all reactor operations, the need for bionssay sampling is

established by monitoring results and/or design and operating factors

i rather than esti=ates of exposure potential from total quantities of

tritium in process. Generally, pre-employment and post-employment samples
t

I are assayed for tritium exposure, and most reactor installations provide

some type of routine bioassay monitoring for tritium. Table 1 is thus not

applicable to reactor installations, except perhaps for soce of the

laboratories associated with them.,

Fusion Reactors

The maximum release of tritium gas from operations at Sandia's proposed
}
| experimental electron beam fusion facility will be 0.1 Curie, as a result
!
s

j of operational restrictions on the amount of tritium used for any single

irradiation. The release of 0.1 Curie has been estimated to produce a dose

of only 0.138 mrem from inhalation of tritium gas to a standard man vorhing

{ for. one hour in the diode preparation room.(30) If the tritium were converted
,,

'

! to water vapor form, an estimated dose of 200 mrem would be received. (30T Thus,'

6

i this reference indicates the assu=ption of a factor of 1,000 between doses per

s*Ci from HTO and tritiu= gas. This type of situation, with only limited research

I

levels of tritiu=, would probably warrant bioassay campling only in the event'

;

of a known release. Later versions of this type of electron beam fusion

experiment may require a greater reliance on bioassay sampling for monitoring

employee exposure, depending on safeguards for containment and prevention of
'

' inadvertent exposures.
.

f

3
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i For full-scale fusion react' ors, a tritium bicassay program would

probably be imperative for any , reactor design. Operational levels of
,

j - .
'

2 tritium in such reactors will reach millions'ef curies, most in the
\

form of tritium gas. Son'edf.thatritiumisexpectedtodiffuse .

'

through system components and be converted to liTO. The maximum per-
,

missible concentration of HTO in air is about 400 times that of tritium

gas.( ) Also, tr;itiated uater vapor can enter the body casily through

the skin,' tihare the absorption of elemental tritium gas through the skin
-,j is'nc311gible and only 1.6 percent of tritium. gas inhaled will initially.

enter the bloodstream.( ) Since even neoprene gloves of 0.36 mm thick-
e

ikess are estimated to of fer protective fatters of only 340,( ) reliance

/ on protective clothing during maintenance operations will need to be

supplemented by bioassay cocit:rihg programs.
'

; Thus, it is likely that.for fusion reactor installations, either
.<

'| 9 enper Sontal or commercial, tha'need for (and type of) bicassay programs
a

Ys will .be determined ';y a wide range of considerations of containment, reactor
I. "

' | '/ design, personnal protection' provisions and operating procedures. No gansral

| guidance would be. appropriate or necessary for these installations at this
*

r ' '

. . . y -, ,
,

tima, so fusion installations are considered ourside the scope of this guide.
,; .
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A.3 Relative Radiotoxicity of HTO, Tritium Gas, and Tritium Labelled Comoounds

Although tritiated water has certain features that may make it more

difficult to control than other radioactive materials, it is among the least

radiotoxic materials per unit activity taken into the body.(2) Thus, it is
{ .

necessary to consider the quantities of activity taken into the body that
I produce acute and chronic biological effects in man, as well as. the levels of

.

intake below which these effects are expected. to be negligible.

Experiments with mice, rats, and rabbits reviewed by Evans (2) show that

the ldh for mice is about 1 mci HTO per gram by injection, and varies between

species somewhat. More than 0.5 mci /g injected into rabbits results in death

to 100% of. the animals, after estimated doses of more than 500 rads delivered
_

| over 20 days.

Two deaths of humans exposed to tritium, which Seelentag(5) attributes
,

I to the tritium exposure despite a history in both cases of unspecified expo-e

sure to radium and other bone seekers, appears to occur with accumulated
.

doses that could be on the order of up to several hundred rads, as indicated.

i
'

by urine measurements over periods of several years. In addition, autop y
r

results indicated components of insoluble organically-bound activity int

muscles, kidney, liver, spleen,andlungs.(6)
,

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

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

: no clinical side effects.(33) In the latter case, a 2 percent compartment

excreted tritium with a half-life of 34 days.(33) In another incident where
;
I human urinary excretion could be folicwed for 450 days, a three-exponential

! excretion was cbserved.(34) Saralers and Reinig(34) analyzed this data using
i
.

.

D

I 9
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a model with two organic compound compartments exchanging tritium with body

water, and calculated lower dose commitments from tritium in the organic

.

compartments than to body water. No immediate clinical effects were reported

for this individual. The estimated intake of 45.7 mci resulted.in estimated
I doses of 3.52 rem to body water and 1.37 rem to the organic-tritium compart-

|- ments.(34) Long-term but low-level components with half-lives on the order
|

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

of the luminous dial industry.(35,36)
!!
|

| Thus, although limited human data confirm that a fraction of tritium as

HT0 in body water will enter long-term compartments, these data as well as

animal data indicate that acute clinical effects are not likely below a 16

rem dose calculated on the basis of energy deposition by HTO in body water,

using an RBE or QF of 1.7.

| No studies are available on long-term effects in humans at low dose
i
4

levels from tritium. Such studies would indeed not be feasible, since not
'

,

! only are permissible exposure levels orders or magnitude below levels showing
i!' acute toxicity, but industrial experience has shown that the average monitored

employee remains far below permissible limits or action levels established

for radiation protection design or operations.(24,25-28) The risks from

! chronic effects may be expected to be of the same low order of magnitude as
1-

|
that from whole-body gamma radiation exposure maintained well below maximum

permissible limits. Limited experimental data on chronic effects in animals (2,3)
' of labelled organic compounds also tend to indicate that the relative risks of

be
i tritium exposure would not be likely to/more than 10 times that from ga::r.a
;

j! radiation underlow dose-rate conditions.
:

-

! .

I -

i

( . ._ _ . . _ . . .- .. . .._... .. . . . . - . . - _ .
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Although in recent years there has been an ICRP recommendation (37) to

use a 0F of 1 for tritium beta radiation, some radiobiological evidence at

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

gamma-ray effects. (2,38,39) Human data is not available to distinguish

|between these two values, and many references show that action levels and
:

dose calculations in use for radiaticn protection purposes are still follow-

ino 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 sucgested by the animal data cited earlier,(2)

but a more recent experiment with rats resulted in an LD50 at four days of
i

1.86 and 3.72 kilorads for HTO and gamma rays, respectively,(39) as well as
i

0F's greater than one for other macroscopic biological endpoints. I

!
I

Considering the human and animal data available, the probable variation j

within a range of 1-2 of 0F with dose-rate and type of effect studied,(38,40)
,

the desire for conservatism in establishing standards -for radiation crotection,( )

the estimate that doses to organic, icng-term compartments may be about 1.5

times that calculated for body water,(35,41) and the desirability of avoiding

unnecessary perturbations in already-functionina bicassay prograns, it seems

reasonaole to adopt the ICRP(10,12) derived investigation level (9II.) of 1.5

mci intake as representing a dose ccmmitment of 250 millirem and urinary

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

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

for single intake and the above dose corrmitment is also consistent with the

use of the ICRP( ) maximum permissible continuous body burden of 1 mci HT0
*

'The actual value of 1.2 mci, civing a calculated dose-rate of 100 mrem /.:eek
to 43 kilocrams of body water ;nd resultinc in an equilibrium excretien rate
of 23 uCi/ liter of urine (using a 12-day . i logical half-life (9)), was rounded
off to 1 in the ICPP Committee II Report. 9

i.-._ ._, . . , . _ . . . . ~ . . . . _ _ _ . . . . - _ _ . .. . _ . . _ . _ _ . _ ~ . . . . . . _ _
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for a continuous dose-rate of 100 millirem per week to body water, resulting

in an equilibrium excretion rate of 28 uCi/ liter.(2) For standard man,(9)

a 1 mci HTO burden would be sustained by a continuous 40 hour / week occupa-*

-6 -3
tional exposure to an air concentration of 5 x 10 uCi/cc as HTO, or 2 x 10

uCi/cc of tritium gas.(2) The corresponding drinking water concentration in

equilibrium with 1 mci in body water would be 0.1 uCi/ml (100 uCi/ liter),
*

allowing for loss of water by exhalation.(9) These ICRP values are consistent
j

with the conversion more recently recommended by Moghissi, Patzer, andi
1

Carter (42) for calculating environmental dose commitments to populations
i
I from urinary levels of tritium. ,

'
,

j Tritium Gas (T rHT)2

| Anderson and 1.angham(44) reached the following conclusions (2) from theirI
-
;

studies of physiological kinetics and effects of tritium gas and tritiatedi
-

.

i water:

(a) the hazard frcm the exposure to tritium gas was at least 1,000

times less than from tritiated water;

(b) the greatest excosure hazard from tritium gas would result from its

i , conversion to its oxide prior to intake;

(c) the beta dose-rate to the 1 ja m respiratory surface of lung is largely
.

ineffective, as indicated by the fact that 135,000 calculated rem to
,

the lung surfaces in mice produced no histological evidence of
.

!.
damage:

|
(d) there is about equal centribution to whole body dose frcm dissolved

j
tritium gas in body 'luids and from tritium biologically oxidized toi

HTO.-

|
:

$i: :
.. ._......n

....n_. .. .
. . . .
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(e) the doses from bremsstrahlung and auto-oxidation of tritium by its

own radiation field can be neolected.

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

judcad to be a lethal one.(2) A 10-second exoosure to pure tritium gas (2.6

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

rate of 20 liters / min of reference man under light activity, the 10 sec

excosure would amount to about 10- x 20,000 cc x 2.6 Curies = 8,700 Curies.)
60 min

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

tritium, a 10 minute exposure would result in a dose of about 40 rem. (In a
3!'I small laboratory of volume 150-300 m , a 10 percent tritium atmosphere would

correspond to a release of 4 - 7 x 10 Ci(2) ) (The 10-minute exposure would.

3
amount to an inhalation of 0.1- x 201/ min. x 10 min 2.6 x 10 Curies of T2 per

'

| liter = 52,000 Curies of T2 gas.)
)
i The above estimates of intake may be compared with the data of Pinson

and Anderson,( 6) which show that a man breathing an at.moschere containing 9 uCi/
,

cc of tritium as HT for 100 minutes reached a urinary level of la uCi/ liter.'

,' Using the ICRP. values (10,12 ) of 35 uCi/ liter in urine corresponding to 0.25

| rem dose commitment from HTO, the experimenter inhaled a quantity of

i1
i 9 uCi/cc x 1000 x 20 1/ min x 100 =:

|

| { 18 Curies of HT gas,

and received a dose ccmmitment from the HTO produced by biological' oxidation of
j

' 14
g x 0.25 Rem = 0.1 Rem

.

'

,

J

>
4

'
>

|
. . _ . . . . .. . . . , . . . . . .. .-- . . - . -

k.



.-- _- -
,

.

. . '

-
.. =

$.
- 20 -

,
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Therefore, the inhalation of 52,000 Curies of tritium gas, as postulated1

in the above example, would give a dose comitment of
i

32 0 x 0.1 Remj
' - 290 Rem,
I

(assuming the QF of 1.7).

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

I HT0 in the body would not be lethal.

Even the 10-second exposure to pure tritium gas involved an inhalation
,

of 8700 Curies. Usina Pinson and Anderso'n's results and ICRP values, this

i quantity inhaled should give a dose comitment of
.

87 x 0.1 Rem = ~48 Rem,
]

in good agreement with the 40 Ren estimate of Anderson and Langham.(2,44)

il These quantities (and resulting doses) of HT0 in the body resulting frca

inhalation by man of tritium gas are also consistent with the data of Pinson;

and Langham.(47')
;.

i

Calculation of Dose from Dissolved Tritium Gasi'

11

|
The solubility of H in water is 1,91 cc/100 g at 25 C or 1.89 cc/100 g

2

at 50 C.(#8) Using 1.90 cc/100 g at, body temperature and a specific activity
I

of 2.6 Curies T * per cc of oure gas at 1 atmosphere pressure, then the solubility
2

,!

, !. 'At 1 atmosphere, the number of T atoms per cc is:
* I95.38 x 10 , and the activity is:=

,4 , 2,,

10 3 0 = 2.6 Curies /ccA = A N/3.7 x 10 x 365 x 24 x 3600) 7x
,

(1.3 for HT)*

1

-
,

.

' ;

+ . - . - _ _ 'e F=Tw y yw,.--my
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|
in body water under equilibrium conditions becomes 0.0494 curies /g. Thus,

I the concentration per unit volume, relative to that in pure gas in equilibrium

with water would be about
.
!

! 0.0494 Curies /cc water
! 0.019=

2.6 Curies /cc

at 25'C, or slightly less at body temoerature. This is in fair agreement with:
I

! the estinate of 1.65", concentration (44) in body tissues relative to concentra-
!

| tion of tritium in air. The rate of dissolution of tritium in blood in
:

equilibrium with inspired air may be assumed to folicw a 4-minute half-time'

of uptake,(49) so approximate ecuilibrium would be reached within 10-20 minutes
,

after exposure to a constant concentration, or the concentration in blood will

|
; remain lower than equilibrium concentrations for short exposure times.

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

| cas for dose estimation purposes.( 0)
i

f The dose-rate in blood (or body water) at equilibrium with a constant
.
I pressure of 1 atm T is

2

10' 0.0494 Ci/g x 3.7 x 10 d/sec - Ci x 0.0055 t'ev/ dis.

-6x 1.6 x 10 ergs /Mev = 16 ergs /g-sec1

+
i = 16 rads /sec

I For a concentration of 9 uCi/cc in inspired air, as in the exoeriment

of Pinson and Anderson,(#6) the equilibrium exoosure rate would be propertional

to the cartial pressure of tritium gas. Thus, the dose-rate from disselved HT

durino the 100-minute exposure period would be approxinately:
-6

(1 x 16 rads /sec for HT) X 9 x 10 Ci/cc
/2

1/2 x 2.5 Ci/cc
_

5.5 x 10-5 rads /sec,'

or 3.3 x 10-3j rads / minute
i
.

- - . . - . . . . - _ . . . . . . . _. _ - ... .. ..... -. .. - . . . . - . _ . . . . . . . . .. .
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Thus, during the duration of the 100-minute inhalation experiment,(40) 18

Curies of HT were inhaled, delivering a dose to blood of about 3.3 x 10-3 x 100

= 0.33 rads and a dose commitment from the HTO formed by biological oxidation

of about 0.1 rem, as calculated above. This calculation does 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,

I

'I +ritium concentration in inspired air is reduced, but the dose from these

compartments is expected to be very small due to the rapid elimination of
i

i this tritium from the body.

|

:! Thus, the internal dose from exposure to HT or T2 gas would be 5,000 -
' 10,000 times lower than the internal dose from exposure to the same integrated

:

| air activity of HTO. For exposure times of 1 minute or less (typical of
i

|
single releases in the laboratory), relative doses from tritium gas will be

f
even lower as a result of the finite time required for diffusion of the gas

into the blood ( 9} compared to the instantaneous absorption of inhaled

HTO.(

Tritium Comcounds (Other than Nucleic Acid Precursors)
.

'

! Although the doses and effects from tritium, compounds are more comp 1ex

to investigate or predict than for tritiated water, many studies have.

! surprisingly indicated that these compounds are usually not much more toxic.-
.

than tritiatedeter, and are often considerably less radictoxic as a result

of more rapid elimination from the budy.( ) Tritiated corticosteroids were

found on the basis of estimated organ doses to be 30 times less radictoxic

than tritiated water.(51) Tritiated folic acid was estimated to be twice

I as toxic as tritiated water based on results from the administracion of these

!

- - - - - .. . . . . _ _ _ . _ . . . . . . . . . . . _ _ . . . . n _ ._. . . .
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,

compounds to rats.(52) Shaw(53) has indicated that injections of the tritiated

sex hormones oestradiol and testosterone result in smaller doses in all organs
,

of the rats than those from equal infections of tritiated water. There was,

quoted (2) an absence of appreciable hematologic changes in patients after

intravenous doses of 10 Ci of tritiated tetrasodium 2-methyl-1,4-napthaquinol

di choschate. ( ) A 10 Ci dose of tritiated water would have been expected to
i

| deliver about 1,000 rem to the bone marrow, and would probably have exceeded
:

the more chronic tritium exposures which Seelentag(5) considered the primaryt

causes of death in two cases.
,

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

labelled comoounds that enter the body, ) exposures of workers to these com-<

.

j ocunds may be nonitored by bioassay of urine with the likelihood that a major

part of the dose may be interpreted as dose from HTO. This practice has been

used in laboratories where emoloyees are exoosed to higher levels of tritium

during production of these tritiated comoounds.(55) Since tritiated compounds

are generally less volatile than HTO and less easily absorbed through the skin,

it seems reasonable for ourcoses of establishing criteria for bioassay programs

to assume that the relative radiotoxicity of tritiated organic compounds is

about the same as that for HTO.

|
!
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,

Tritiated Comaounds Concentratinc in Cell Nuclei

;) A number of authors have suggested that compounds such as tritiated

- thymine or thymidine, or other nucleotide precursors that would tend to con-

I centrate in the DNA of cells, might deliver far greater doses than tritiated

water and present a far greater hazard per millicurie of intake by persons

working with these compcunds.(56-60) Barber (61) deduces that tritiated
-5thymidine MPC's should be about 10-4 to 10 times the MPC's for tritiated

'T

| water, from calculations of an assumed maximum number of cermitted disintegra-
.

tions in the cells of a human comoosed completely of cell nuclei, using
,

Dewey's(62) finding that 30 disintegrations per cell from tritiated * thymidine

did not significantly increase chromosomal aberration frequencies. Berry,
;

et.al(58) have suggested, based on cell survival studies, that tritiated
i

thymidine should be reaarded as a material of moderately high toxicity,
,

comaarable to I-131; this suggestion would picce triticted thymidine in a '
;

i|

|
category requiring about 1,000 times the protection factors applicable to

HTO.(63)i

Guild (64) calculated that tritiated thymidine can deliver doses to the
j
' chromosomes from 50 to 50,000 times those delivered by an ecual activity of'

tritiated water; however, Dewey, et.al(65) sugaest that the effectiveness for'

breaking chromosomes is about the same for thymidine incorporated into DNA

I as for tritiated water or Cobalt-60 gamma radiation. They(62) also found
1

,!

{
that 1,700 tritium disinteorations oriainating in DNA were required to produce'

'| one visible chromosome aberration.
io

I
'
e

!

t

'
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Lambert,(66) based on a review of previous ' literature as well as his

own exneriments ,(66,67,68) cnncludes that the maximum nermissible 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 HT0 that would give a dose commitment of

5 rem (integrating the intake by standard man breathing at MPC for one year).I9),

Thus, since there are conflicting opinions in the literature regarding the

relative "radictixicity" of tritiated nucleotide precursors, some selected
;

experimental results will be examined further here to determine a reasonable

uocer limit to the assumed relative radiotoxicity of these precursors compared

to HTO.

Wade and Shaw(59) have shown that 24 hours after stcmach intubation of 1
(

|
uCi quantities of tritiated thymidine, the average total body activity was

-

i 51 percent of the ingested activity a'nd the non-volatile activity was only
j

j 8 percent of the ingested activity. After subcutanecus injection severali

I times more activity was retained in spleen, testes, and small intestine, as
,

| measured relative to retention after oral ingestion over days 1,2,4 and 8;'

about the same relative retention for injection as for incestion was obtained

for liver, kidney, and muscle. The non-volatile activity was assumed to be

retained mostly in the cell nuclei of these tissues as reported by others.'

i

Assuming that the non-volatile activity was dispersed through all cell nuclei,

Wade and Shaw(59) calculated the maximum dose to nuclei from their data to be,

the dose to nuclei of liver, which reached about 0.2 rads cer uCi of ingested
.

! to the body weight of standard man, this
I tritiated thymidine. Scaled up

would be 0.2 rads /2.8 mci ingested; for comparison, the calculated dose to

body water frem ingesting 2.8 mci of HTO would be 0.28 rads--slightly higher

i
: .

!

! .. . . .. . .. _ . . . .
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'

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

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

Then, assuming that only 5 percent of liver cells actually contain the

observed quantity of non-volatile tritiuin, and adopting the conclusion of -

Bond and Feinendegen(74) that the RBE of intranuclear tritium is probably

close to one, Made and Shaw(54) calculate a dose equivalent to nuc'ei of 1.25

rem per 1 mci of tritiated thymidine ingested. This tritiated thymidine

dose is then compared to a stated dose of 1.25 rem per 20 mci of HT0 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 calculated from ICRP data,(o 10) but with an RSE equal to I and''

100 percent uotake of HTO, the comparable dose of HTO becomes 12.4 mci to

give 1.25 Rem -- not 20 as given by Wade and Shaw.(59) Moreover, the assumption (59)

that only 5 percent of the nuclei contain the tritium amounts to a procortionate

reduction of the numberof cells at risk in the " critical" tissue. Bond and

Feinendecen(74,75) as well as Lambert (66) cite evidence that sematic risk may

be estimated 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 Wade and Shaw were averaced 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 Rem for sematic risk evaluation cureoses would be
!

! increased to 20 mci, and the relative " radiotoxicity" of tritiated thymidine

would actually be less than that of tritiated water.

I
. . . . . . .. ....en. .. -- . . . . . . . . . . . . . . . . . . . _ .
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than the dose to nuclei from tritiated thymidine assuming all of the non-
-

s

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-volatile tritiuin, and adopting the conclusion of -

Bond and Feinendegen( } that the RBE of intranuclear tritium is probably

close to one, Wade and Shaw(54) calculate a dose equivalent to nuclei of 1.25

rem per 1 mci of tritiated thymidine ingested. This tritiated thymidine
j

dose is then compared to a stated 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
1

I at least a factor of 20."(59) However, if the intake of HTO required to give

1.25 rem is calculated frca ICRP data,( ,10) but with an RBE equal to 1 and

j 100 percent untake of HTO, the comparable dose of HTO becomes 12.4 mci to

give 1.25 Rem -- not 20 as given by Wade and Shaw.(59) Moreover, the assumption (59)
! that only 5 oercent of the nuclei contain the tritium amounts to a procortionate

reduction of the numberof cells at risk in the " critical" tissue. Bonc and

|
Feinendegen( ,75) as well as Lambert (66) cite evidence that somatic risk may

be estimated 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 Wade and Shaw were averaged over all cell nuclei, or;

equivalently the fractional number of cells at risk were taken into _ account,
:

h then the number of millicuries of ingested tribiated thymidine to produce a

h dose equivalent of 1.25 Ren for sematic risk evaluation cureoses would be
,

increased to 20 mci, and the relative " radiotoxicity" of tritiated thymidine

would actually be less than tha't of tritiated water.

1
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Lambert (67) found that tritiated thymidine was 4 times as effective ,

as HTO per pCi injected intraperitoneally for decreasing the production

of primary resting spermatocytes in mouse tests.(OO} In the same set

i of experiments, the mice were also subjected to whole body radiation and

irradiation of testes alone, with little difference in effect. Also,

50 Kvp (1.2 mm Al HVL) X-rays were as effective as 200 Kvp X-rays (about

12 rrm Al HVL). When the dose-rate of 200 Kvp X-rays was decreased at the

same rate as that from HTO, the effect of 30 rads of X-radiation was
,

i Theequivalent to that from 20 pCi injected per gram of body weight.

RBE's obtained in these experiments ranged from 1.3 to 2.4. The calculated

initial dose-rate from 20 pCi/g body weight would be 20 x 3.h Rem / 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/2x24
r 72 Rem / week d .,Dose (72 hours) =

e .

J [168 nrs/wk)
t=0

* -0.693(0)/2 -0.693(72)
= 168 0. 3 e -e _.

= 19 Rem (19/1.7 = 11 rads)

The dose during the earlier 19-hour period when perhaps the sperma-

togonial cells are in more sensitive stages would be even lower, when:

t

Lambert (67) obtained his doses to cell nuclei! averaged over body water.

!
!

! +Gbtained using the ICRP values (9,10) that 1.2 mci /43,000 g of body water
yields a deca-rate of 100 mrem / week; or for a single intake, yields a doce

!
i cer.mitment of 100 mrera x ' .d4 x 10/7 = 205 meem using the ICRP 10 values

! for biological half-life.10)
.

I
1

I
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i
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, based on an assumed 2-day biological half-life in the mouse gives '

an RBE =~ 30 rads /ll = 2.7, close to the higher value given by Lambert.(67)
,

'

Although the absorbed tritiated thymidine was contained mostly in

cell nuclei,{67) only a small fraction of the administered thymidine

reached cell nuclei, so that the relative dose to nuclei per administered

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

about 3 times greater for tritiated thymidine than for tritiated HTO.

Thus, the relative radiotoxicity of tritiated thymidine /HT0 would be .

j

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

: call nuclei .* Furthermore, although the spermatogonia are particularly ;

I

'( sensitive to radiation, and responses may be observed for calculated j

dosas as low as abcut 2 rads frca tritium,(75) these rapidly proliferating'

;

| cells would perhaps also be more capable of recovery and can sustain
; .

I considerable depletion without loss of ability to survive or regenerate

to. full capacity.(67,66)
'

In another set of experiments, Lambert 63) studied the ingestion of/

tritiated thymidine in rats, and concluded that tritiated thymidine
j
l'

*In a later paper, Lambert (66\' states that the relative radiation doses!

; averaged over the testes were in the ratio of 1.5 to 1 for tritiated
p, thymidine ccmpared to tritiated water; for the relative doses to the

cell nuclei (of spermatogonia), the corresponding ratio was 6.4 to 1.
,

1!
.

|
s

!
.,_. , . . . . . - _ _ _ _ _ . _ . . . . _ . - . . . . . . _. .. . . . _ . . _ . .
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i
administered by ingestion gave the highest dose to bone marrow cells,

about 3'4 times the dose given by tritiated water.

In a further set of experiments studying the effects on production

of resting primary spermatocytes, Lambert (66) shows that although high

specific activity tritiated thymidine exhibits the greatest (spermatogonia)
l cell-killing effect per injected microcurie among the several organic

compounds studied, the concept of average dose to the mouse testes could
I be used within a factor of five to estimate the hazard from the compounds:

i.
studied: tritfated thymidine, uridine, methionine, and HTO. His main

i conclusion from these and previous experiments is that "....to a first
:

! approximation, there is no great difference in cell-killing e'ffects during

90 hours exposure between the ccmpounds studied relative to injected;

! activity."(66) He also reviews previous work of others and indicates
I that although earlier papers " indicated that tritiated thymidine should

.

-

be considered several orders of magnitude more toxic to mammalian call

systems than tritiated water......later work has disproved 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, Lambert concludesr

l'

both from literature review as well as his own experiments that tritiated

thymidine is not more than five times as toxic per injected microcurie.

j as other tritiated compounds or HTO.

Feinendegen and Bond (76) have updated their review (74) of the effects

I of tritium incorporated in DNA, cell nuclei, and other cell components,
!

i
n

.

I
i
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;

and conclude, consistent with their earlier evaluation, that cell . killing
,

effects 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
.j

I

nuclei was estimated to be much lower than the ionization effect from'
|'

beta decay, and not easily observed. |1
i ;

:
Tritium bound within the DNA of E. Coli was more effective in cell I,'

-

.

killing than that bound within the protein around the DilA core. Also, |

tritium decaying in DilA (3H-thymidine) was about twice as effective in

reducing survival of Chinese hamster fibroblasts as tritium incorporated

in RNA (3ii-uridine) . The effectiveness of beta decay was sometimes foundi

i to depend on the position of the tritium atom in the pyrimidine ring.(76)
I

l
'

!

|
Tritium in the 5 position, but not in the 6 position, of cytosine was

i found effective in mutation induction in E. Coli and bacteriophage.-

.
-

I Tritiated uridine was more effective in inducing mutations in E. Coli
_

l
|

i.
at low temperatures (arginine reversion), and in Drosophila, when H-3 was

'

incorporated in the 5 rather than 6 position. The mutation probability

in E. Coli for the 6-to-5 position change rose from 0.28 x 10-8 per decay
!

per cell, increasing past the value of 0.67 x 10-0 for tritium-methyl-

thymidine in DNA. Since there was no significant difference in lethal

| effects of the two uridines, the 5 position effectiveness was in this

case attributed to a transmutation effect in the 5 to 6% of the uracil
i

i

that was converted to cytosine and incorporated into the DNA of the nucleus.
t

|
4

I
!

. . _ . .
.. . . _ . _ _ _

_ _ . .
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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,

I whereas no such change was detected with tritium decaying in the 6
|
! position! ) Single and double strand chromosome breaks in , mouse

leukemia cells stored at -196 C were also attributed to the beta-ray

I dose to the nucleus from incorporation of tritium-methyl-thymidine,
i

rather than H-3 to He-3 transmutation. The decay of two to three
,

tritium atoms in a cell nucleus of 6 to 7 pm was estimated to deliver

an average dose of 1 rad to the nucleus; Lambert estimates the dose

,

within.a range of 1);m to be 170 rads.(66):

From the preceding experiments, Feinendegen and Bond (76) conclude
*

<

that, under normal growth conditions, the calculated dose to the cell

| nucleus from DNA bound tritium is comparable, for a given degree of
i

[ effect, to the sama dose from external gamma radiation. Transmutation

effects do not produce a measurably increased effect under most con-

ditions, and have been detectable at all only under highly specialized

| laboratory cenditions.
,

Colvin and Everts (78) shouad that tritium from lumincus compounds

|| could be absorbed through the skin of Chinese Hamsters in proportion to
!!
! the amount of tritium applied. However, the frequency of chromosome;

!i
|: breaks from the compound cculd have been due to a chemical effect of the

f
compound, rather than the tritium. There was no statistically significant

|j difference in the frequency of chromosomal ancmalies between the two
i.

t,

.
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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

2of compound cycr 1 cm 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 anomalies

since there was no control group exposed to an equal amount of non-
g

| tritiated luminous compound. It appears from the results, however,
i

i that the chemical toxicity of tritiated luminous compounds may be much
!
! more important than the effects of tritium radioactivity.

Mewissen and Rust (79) have produced cancer in C57 Black /6 mice by
.

injecting subcutanecusly 16 hours after birth with doses of 0.3,uci/g to
| 1.5,uCi/g and folicwing age-specific mortality and tumor incidence, relative

to controls injected 16 hours after birth with cold thyraidine. Mcwever, the-

i

strain of mouse employed in this experiment had a high incidence of spon-

taneous tumors. The experiments were consistent with the findings of Lisco

e_t. a_1_.,(80) who had established induction of malignancies in CAF) mice at

j dose levels of 1.0,uCi/g. However, tumor incidence was increased even at

| cmaller dose levels in the C57 Black /6 mice, possibly attributable to the
i

earlier age at injection.(79) The dependence of susceptibility on agei

at initial exposure is further suggested by the negative results obtained

by Johnson and Cronkite.( I) They found no change in. age-specific mortality
;

rates, nor alteration of incidence or time of onset of neoplasia, in mature

| B*ll Swiss albino mice injected with tritiated thymidine in doses of 1 to 5,uCi/g
i

body weight, at ages varying from 6 to 12 weeks. It should be pointed out

!

- - - - . - - - - - -- -.. - -.~ _- ., . . _ _ _ . - - . . ~ .
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further that the increased incidence of tumors found by Mewissen and
i

Rust was attributable entirely to an increase in lymphosarcomas.(79)
!

Furthermore, an examination of their mortality curves shows that at'

the highest dose level (1.5 ACi/g) the points indicating cancer incidence
t
I . return to scatter near the mortality curve for the controls; the authors

do not mention or explain this in their discussion.(79)

Thus, these experiments 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, producei
i

f.
cancer in susceptible mica at initial dose rates of only about i rad / week

averaged over cell tissue, or about 4 rads / week to cell nuclei. (These

latter dose estimates are adopted from previous paragraphs of this section.)

The effect is probably age dependent, may be species dependent, and apparently
,
,

f may disappear for unexplained reasons at the higher dose levels.
! In a review of the relative toxicity and permissible concentrations
1

of tritium and its compounds, Osborne(82) has summarized the evidence

explaining why, although some of the tritium from HTO and/or other compounds
'

may concentrate tritium in 0:lA or other cell molecules, the net effect of

the exposure has never been observed to be more than about 3 times thatI

!

! .

expected from a calculation of dose to body water from an equivalent

activity of HTO. Osborne(82) suggests, e.g. , that although folic acid and

tritiated thymidine may give three times the dose to. cell nuclei as the.

same intake to blood of tritiated water,(83) the spatial concentratien of
| |

that tritium absorbed into cell nuclei is offset by catcbolism of most of

I
!

- ---
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the tritiated compound before incorporation into nuclei. Moreover, seven
i

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

additional catabolism of tritiated DNA precursors would take place in

I tissue before they could be incorporated into cell nuclei.

1 After intravenous injection of tritiated thymidine at a level of 1
1

-

| ,uCi/g body weight (the minianmi showing effects on bone marrow cell
~

! turnover rates, with no marrow cell depletion in Sprague-Dawley rats)

autoradiographic and radiochemical analyses showed that 27 percent of

nucleated cells were labelled; the averige calculated dose to the

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

! 6 rads.(74) If one calculates the dose averaged over all cell nuclei

i of the nucleated cells, one gets about 1.5 rads. This may be compared

.to an average dose of about 0.3 rads to all body water (and nuclei as>

'l well) if 1 ,uCi/g were injected as RTO. Thus, the average dose to cell,3

nuclei from injected tritiated thymidine was only about 5 times the averaga
- 1 '

dose to body water (and also approximately to cell nuclei) that would have'

been delivered from the same injected activity of HTO. Bond and Feinendegen

!. compare (.from these experiments) a maximum dose of 25-35 rads to the most
-

highly labelled cell nuclei (young megakaryocytes) with the 45 rads to marrow-

of mice that would produce definite changes in the DNA content of marrow.(84)
t,

However, the mouse marrow endpoint seems more severe than that of Bond and.i

i Feinendegen, and the species is different.i

;

.

I e
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In a later review by Cronkite, Robertson, and Feinendegen(75) the
I

! authors again confirm earlier conclusions (74) as follows:
i

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

i'

|| 10" grams or less, and somatic effects can be predicted on this
'

r

basis. ,

i i;

L 2. The distribution of tritium atoms incorporated into
:

) DNA as tritiated thymidine (and ion pairs from the beta particles)
!

are randomly distributed as far as dose calculations for the

;| purpose of predicting somatic effects are concerned.
. ,

;

! 3. Every part of the cell nucleus lies within one tritium
i

beta range of some part of a chromatid, and the nucleus contains~

no sizable contiguous insensitive volume of a radius exceeding
I
i the effective range of tritium betas (1 to 2 pm).'

!

j 4. The origin of tritium beta tracks in, or their cicse
! |
! j juxtaposition to, the DNA molecule does not appear to enhance the

!.

; |
degree of somatic effects."

'

In this later review, data available on the various types of somatic
.

and genetic effects as produced by HTO and tritiated thymidine are again

summarized and seem to indicate that doses to cell nuclei from the tritium

beta particles, whether or not they originate from tritium atoms within

}
DNA, can acenunt for the effects produced. Also,the dosage from beta

i particles originating from DNA-tritium do not seem to be more than about

5 times as effective as the same dose delivered by tritium atcms distri-
,

t

buted in HTO within body water (and the water of the cell protoplasm and

nucicus). The review emphasizes some uncertainties in measuring beta
I

'

i
4

.

! t
. . _ . . . _ _ . _ . _ _ . . . _ _ _ _ _

. . . . . - - . . _ _. -
!
l
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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 question,
,

or the average or maximum cose to labelled cells. However, the analysis

above of Feinendegen's findings regarding killing of bone marrow cells ,

which are again quoted in this later review (,75) shows that the average

dose to all cell nuclei is only five times the dose that would be delivered

by an equal injected activity of HTO. On this basis, ingested (or even

inhaled) tritiated thymidine would be further reduced by catabolism (82)

before entering the cell and penetrating the nuclear membrane during the

l stage of DNA synthesis, and could be reduced in effectiveness even below
!

that of an equal intake of HTO. There seems to be a paucity of actual

j data, however, on the relative tcxicity of HT0 and tritiated thymidine

| when inhaled, ingested, or absorbed through the skin by mammals.
I

Three studies are cited by Cronkite et. al .(75) in which carcino-

genesis was investigated following injection of tritiated thymidine into

mice.

Cottier et. al .(851' compared C-57Gl/6J nice injected with 10 j;Ci/g

body weight at each of three weekly intervals against controls 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 developed the expected number of tumors.
i
'

i (We may estimate that if the 10 pCi/g injections were HTO, the total dose
i
e delivered to body water would have been (see p. 27)1

3(36 Re
eck x.2 x 1.44) 44~ rads,=

I
'

. _ . . . - - . . . . . .. . - . _ - . - . . .
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i
i 0
i

$or with an RBE = 1.7, 75 Rem. Thus, the effectiveness of the tritiated $
L

| thymidine, which did not induce tumors at this injection level, could not
3

be as much as 480/75 to 480/44, or 6.4 to 11 times as effective as HT0 h|
-

j
i

3 would be expected to be in producing thymic lymphomas.) !| L

Baserga, et. al.(86,87) administered thymidine in doses of 0.1 to

10 pCi/g body weight into embryonic, newborn and young mice up to 14
!

{ months of age. The higher the dose and the earlier in life it was

I administered, the higher was the tumor incidence relative to non-irradiated

controls.

Johnson and Cronkite's study (OI) was also cited (75) in which mice

(Swiss Albino) injected with 1 and 5 uCi tritiated thymidine per gram

j body weight at 6 to 12 weeks of age showed no significant differences in

tumor incidence than non-irradiated controls or controls given 400 R of |-i

e

whole body gamma radiation. (Of course, considering the number of animals i[
used in these experiments, detection of small changes in incidence would -

1

| not be expected.)

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
i

| injected microcurie, for various biological endpoints in animals including
"

| acute and chronic somatic effects,as well as for cytogenetic effects. The

f relative radiotoxicity might even be lower for ingestion, inhalation, or /

absorption through skin.

I

!,

.

.

!
'

.
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Conclusions

When compared on the basis of equal microcurie intakes under conditions

of employment, tritiated thymidine may be assumed to be not more than a

factor of ten more radiotoxic than tritiated water. Other tritiated
1

organic compounds may be assumed to be about the same as tritiated water
,

j in relative radictoxicity, for purposes of hazard evaluation and establishing

good safoty practices. Actual relative radictoxicities will depend en the

type and form of compound taken into the body, the age of the exposed

! individual and the biological endpoint considered. However, some earlier
i
j expectations of a much higher effectiveness of tritiated DNA precursors

relative to HTO are not borne out by experimental results. Ef"~ ts of

concentration of precursors into. DNA are no'; as high as originally supposed
;

{ and the transmutaticn effect has been , judged to be unimportant. Furthercore,

' catabolism of DNA precursors and other organic ccmpounds after normal modes
,

!

j of entry into the body, rapid turnover of tritium incorporated in DNA with

| each cell division, repair mechanisms and other factors tend to compensate

|| for the higher nuclear concentration of that portion of tritiated DNA
|!

precursors that reach cells during DMA synthesis. Good radiation safety,i

1.
| practice and design always provide adequate additional safety factors to

alicw for uncertainties in these assumptions regarding the ranges of-

relative radiotoxicities.
|

|
|

|,
.

I
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A.4 Derivation of Criteria for Establishine Tritium Binassay Preernms

-A.4.1 Basin for the Criteria
,

|
As indicated in Section A.1, the probability that an employee will inhale

or ingest material in his work environment depends on many interrelated
1.. .

factors, such as relative ratlictoxicity of the material and its potential
.

{ for dispernal, typos of processes, and safeguards provided through facilitics,
i

I equipment, and procedures. Morever, experience with tritium in benchtop

or chemical fume hond operations has shown that there are activity levels

in certain processes above which the likelihood of intake of measurable
3
a

i

j quantitics of tritium becomes appreciable, and there are higher levels
i

at which the probability of' exceeding what the ICRP has considered2

i

" derived investigation levels" (DIL) becomes appreciable. Some of thesc
*

.

experiences, and empirical data on probabilities of intake, have been
i

i summarized in Section A.2
;

- |
| Thus, using the experience and experimentr. tion discussed in Sections
;

j A.1 to A.3, the activity levels in Table 8.1 above which tritium

bicassay "shall be required" or "nhall be considered" are derived
,

i >

{ as follows: s,

I 1. The minimum activity of IITO si determined that could have an
| .

|j appreciable probability of renulting in a n intake of 1.5 mci, giving

| ! a whoic-body water dose conmitment of 0.25 rem (the ICRP " derived
: '
\ r

! .' . investigati.on'Tevel" (DIL)), if all relea.eed within arm's length of

i I N
*

l an employee working on an open bench (the " maximum credible accident").
! |
! ; 2. This Icec't is selected as the value in Table S.1 (100 mci)

! ',i

above which seme type of bionssay samplian pronram shall be req' f red'

,

for the employee (perhaps.'only ocensione.1 binassay scheduled after
,

|

| particular operations, as judr,cd by the health physicist).
1 *

I i *

l'
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3. The level at which bioassay "shall be considered" is taken
<- -

, J -) ~ [qIas 10 times lower than that at which it is required, since in the

extremely unlikely situation where the total quantity is taken into fp ;j

'!
the body, a dose commitment of ab'out 10 rem (with RBE = 1.7) could be, /

received, and in the opinion of most health professionals doses of

such a magnitude exceed the recommended permissible annual limits and
~(<'

.

I should be detected and recorded, even though not likely in this rare
,

instance to cause recognir.able harm to the individual or add an
^

amount to his lifetime cumulative dose that would preclude his returning
,

to employment in radiation work. Also, for tritium bicassay the' ,

sensitivity of detection of tritium in urine is suel that bionssay

can be useful in monitoring employee ennosures even in more likely
i .

exposure situations (more " credible" accidents or routine exposure , ),4 ,.

r''
situations). In keeping with the principle of maintaining exposures i

"as inu as reasenably achievable" (ALARA), a reesonable monitoring ; /'

- program should be provided whenever 10 percent of the DIL may be

!I received, in order to help understand and control sources of expo.ure
, i /
! ^

! as well as document the employee's actual exposure status.

4 The appropriate correspnnding activity levels in T.3ble 8.1 fer
.

-
triciated DNA precursors, other tritium cemnounds, and tritiumI gis were

< .;
' , /
l t

chosen by censidering operr.tional experiences and radi,otoxicity rotative
,

to HTO, as discussed-in Sections A.1 - A.3. j
} Activity icvels in operational processes within fume hoods5..

(even when contained within process vessels thet may fail only occasionally)

are allowed to be ten times hip,her than those on an onen bench before

-. _ ._ . . . . . _ , _ _ _ - - _ _ _ . . - . . . _ . _ _ _ _ _ . _ . _.._ ...
-
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bionssay prncedures are considerednecessary or useful.
An average

3 ,
a . ..

ten may be assumed fht a ventilated>

protection f.ictor of at Icast ~'

hood, property used and maintained at adequate, face velocfties.(1,63)
-'

1

, . . ,

,6.For processes contained within closed, properly designed,
.[ ,,,.tk1

j'
t

gloveboxes or other failure-proof 'containnent systems',' no given values
/ I s~

,s . < r,

can be present,cd that can be considered reasonable for all situations.
,, ; i,

i W
'3

4 | '
' . ..

The same is true for nuclear reactor installations, or other facilitics'a<
" i

;

in which tritium may (or sometimes may not) be diluted to very iou

snecific activities of the material in process (see Section A,1 and A.2).*

L

er assurance of
H In these esses of extremely rel'iable containment
4

cufficiently high dilutions, the need for bicassay must be evaluated by'

*

in consultation with appropriatoI

a professional health physicist

cupervisors or plant engineers who kncv the detailed processes , equirment,Oe
r

| | facilitiec, work condit ns'of the specific tasks, and specific
r

! .< ;

qualifications of-the employee. The evaluation in these cases may also
v . ..

;

'

include the evaluation of pre-employment and initial bicassay samples,
N ^^

air monitoring results,; d6d cnotamination surveys, as erell as thel /
. I f*

./if
| , . status, training, uork history, and. ai

.empicyee's age, health, employment.

i a
,

i. history of previous exposure to radiation and nther environmental agents.
-

:
'

.-

Industrial medical participation in the determination of the need for+

'
> ,

4

,

binassay may also be appropriate in many instances., .

!

,

in VarimeProbabili ties of Intake of Rndinactive l'aterf at1

A.4.2
* f. Sitnntions

!

A number of work situations have been discussed in Section A.2 for
?

' '

d have beeni
Uqich the amounts of radicactive material taken into the bo y

'

* ,

j

,

+

. _ . _ . _ __. __ . _ . _.._ . _ _ _ . .
. _ . _ . . . _ _ _ . _ _ _ _ _ . . _ . . _ . _
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related to amounts of radicactive m.,terial in process. The maximum

reported f ractional intake of material in process following an accident

actually occurred with a spill of tritium as HTO within a fume hood.(1 ,13,19)
.

In this case, less than 1 per cent of the IITO in process, which was all

spilled onto the hood 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 contaminated
4

towels to the outside of the hood and past his face for dispoqal. Thus,

the " maximum credible accident" is taken to result in about a 1 por cent

intake of the material in process.

All other accidents reported in the literature showed that

~ -0I fractional intakes were less than about 10 inf the material in process,

except for one case of 10 under conditions of poor ventilation.(7,8,1,14,6*3)-5

-2
Thus, the assumptien of a 10 fractional intake should be suffi.ciently

j conservative for purposes of plann!ng bicassay pro,3rr.ms, and yet will cisn
i

be seen (from Section A.2) to result in criteria thnt util be reasonable

f rom the standpoint of experiences with intakes from monthly amounts

! routinely processed. (The values in Tabic 8.1 nro deemed anplicable

!
either to singic operations with the given amount in process, or to

routine, repeated operations for the same integrated amount processed

by the given employee over a period of one month. The empirical data

and experience presented in Section A.2 allou thin fortuitous sinnlificatien

of Tabic 8.1 so that it can apply to a broader ranne of work situationn. )
,

i i

! i' ' The selection of bionssay sampline f requencies or schedules is

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

!

|

! I
i
I;

; - -- .. . - . . . - . . - . . - - . . . . .- _ ..~...-- - . .. . . - ~ ~ - . . - - -
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proper seicetion of'the bloassay sampling interval, an adequate sensitivityj

and sufficient accuracy for the detection of an intake of 1 DIL may'

s

b .

i be achieved chiether there is a si y,le intake during any one month,

or whether the 1 DIL is the integrated intake of a series of singic
' '

intakes or continuous exposures. .'

It is also interesting to compare in this section the usual range

!
of Bactional intakes frnm accidents, and the levels of tritium in

urine for various routine operations discussed in Section A.2, with the
j

estimated annual expnsure of a person wearing a tritium-activated . . . . -

luminous timepiece.. A luminous watch is worn at about arm's length

at a similar distance from the body as the radioactive material in
,

I

i
{ situations diccussed in Section A.2. Over the period of a one-year

i ucaring interval, a plastic watch crystal may delay diffusion of;

a given f ree HTO molecule f rom hee f ace of the timepiece for a feu hours,

but would not be expected to change appreciably the e.nount of trit'ium

(exchanged to HTC) that unuld be c=itted from the watch over the one-

| year period. Thus, it may not be entirely fortuitcus that when the
i
I average activity per untchdial (about 1 - 5 mC1) is scaled up by a
. factor nf 1,000, the dose to a e,atch ucarer sentes up from an estimatod'
,

dose of 0.15 mrem for a 5 mci watch to an annual dose of only ..- . -
'

0.15 rem per 5 Curies at arm's length. This dose is about the same in
! magnitude to that observed for workers processing comparable quantitiesI

i in benchtop rperations in same innta11ations. (See Section A.2.)
i
!

.!
!
I

i
1

. . . - - . - -.. _ . - -.. . . - . . . . . - . . . . .
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A.4.3 Derivation of Activity Guide Levels of Table 8.1 Abnve Which-

Bioassav May Be Needed or Recuired
.

- According to the criteria described in Section A.4.1, and using

the upper limit estimate of 10 as the maximum fractional intake of
-

mat.erial released -(in a single incident nr_ over a one-month interval),

the values for Table 8.1 were obtained as follows:

1. - For ilTO, or T 0, 100 mci x 0.01 n 1 mci, which is almost the
2
0)

DIL of 1.5 mci intake selected as'the criteria above which bicassay
*

shall be required. This extreme intake could result only if the entire

100 mCL were released frem process, and the highest fractional intake,

0.01 of released material were taken into the body (see previous section).

i Assuming that this entire 100 mCL could be released in an open bench'

it thus becomes-the level in process in open-bench operations
!

accident,

(within ordinary non-failure proof laboratory vessels) above which.

;

- bionssay shall be required.'

The level above which bioassay "shall be considered" is 102.

As discussedtimes lower than that above t,hich it "shall be required".'

2 i

j in Section A.4.1, this recemmendation provides for maintaining control.

i

The level of 10 =Ci is:

of operations and maintaining exposures ALARA.;

! also in reasonable agreement with seme present practice and professional,

|
;
8

{ opinion,(13,2'01,92) but it is considered too restrictive a level for
i

'

:
-

( 4 ,1'1,5 5 ,6 3 F,

8

on absolute requirement for bicassay in come laborat.ory situaticas.'
;

i' .

4 1~ Evnns(14) has indicated that when there is 10 mci or less of tritium'

:

I in f requent uso, there is littic need for preparatory work.
|

*

| The corresponding "shall be required" and "shall be considered"
.

3.?
t

levels were taken 10 times higher for fune heed than for open bench
:

!

.

i- .. . _-
. . ___.._.s._..__s.. . _2 ..- .- _ _ . . _ _ . .
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9

operations with !!TO (1 Curie and 100 mci, respective 1v). Properly designed and-

ventilated fume hoods may be assumed to provide at least a factor of ten
*protection, as discussed eertier.

4 Tritiated cenpeunds other than,DNA procursors were assumed to have

the some radictonicity as 'HTO, for reasons discussed in Section A.3.

5. Tritium gas (HT or T ) was assumed to deliver 1,000 times less *

2

dose per microcurie-sec/m of exposure as HTO. I.iterature and

eniculations discussed in Section A.3 indiente that the reintive radio-
~

toxicity is probably closer to 10,000.

Ho; cver, values in Table 8.1 for tritium gas are conservative

(on the safe side) enly when cenditions assure absolutely that the tritium
(25)

enn not be exidized to fiTO or T 0 prior to release to the cork environment.

P.xperience has sheen thet.megacurie quantities'of tritium nas can be

handled uith proper facilities, equipment, and precedures, without

expesing employees to u. acceptable doses.(2'2'1)' An accident has even

occurred in which cn employee released many kilocuries of tritium gas

within a hood while his head was over the point of'retence, and yet

he received less than 100 mrem integrated dese. This er.perience is

consintent with the calculaticas cresented in Section A.3, p. 20. on

the other hand, in the tuo cases on record (5*6) uhere human injury

(and detth) 9as presumed from autopsy reeults tn ha.ve resulted frem 1arna

tri tium exposures ns evat uated f rom urine binassays, hundreds of Curies

of tritium gas vore utilized annually to nrepare luminous compounds

withaut proper protective equipment end prnecdures. In thene car,es, the

bicansay program by itself did not prevent injury. Thece injurier nni

deaths resulted frnm exposures consistent with those that unuld have

.
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provatied for the quantities of material in process if the tritium

) had auto-oxidized, or had been or.idized in the manufacturing processes,

I,

before intake by the employees (see Section A.2). These two cases'

'

| help to indicate that the degree of conservatism provided for HTO and
!

tritiun ga.1 in this standard is warranted. They also indicate that

'

; standards of facility, equipment, and procedure design for safe hand 1ing

of radioactive materials ( '' '
" are not without foundation.

J

{ 6. Tritiated DNA precursors have been assumed to be ten times as

! radiotoxic per microcurie inhaled as HTC, for obtaininn corresocnding values

of Tabic 8.1, for reasons discussed in the literature review and

i analysi s of Sectica A.3.
a

i 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 types

and quantities of material to be processed as well as the other humin and
-

1

engineering factors already diccussed. Proper facility and equipr.ent design,

adequata trainin?,, safe operating procedures, appropriste Aupervi sien, and
(1'2,6''o' cG)' '' ~

i other aspects of a tell-planned and organized radir.tton safety progran

J wil.1 combine with the reccomendations of this standari on bicassny prncedures

!
' en provide adequate safety factors and resernable protection to emn! yees

at reasonsble cost.

:
1

1
)
,

i *

1

4

$
(
4

I
~

i . .
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BI0 ASSAY REQUIREMENTS FOR TRITIUM

I. Conditions Recuirino 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.

B. 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 bioassays.

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

p'rocess quantities less than 0.1 of those in Table 1.
t

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 a, .

concentration of tritium in air (in any form) such that his or
,

her intake with no protection would have exceeded that which

would result frca 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 shculd be

* Multiplying the concentration given in Apcendix B, 5 x 10-6 vCi/mi, by
6.3 x 108 ml gives the corresponding quarterly intake of tritium by
inhalation. This is assumed equal to the uctake of tritium (as HTO) by
absorption through the skin unless the form of tritium in the air can be
demonstrated to have icwer uptakes. The total uptake, including skin
absorption, would be assumed to be accut 5.3 mci, which delivers a dcse
commitment of about 1.25 rems to standard man.

,

\
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performed to determine the resulting actual tritium intake. These

special bioassay procedures should also be conducted, for personnel

wearing respirators, if for any reason the average tritium concen-

tration in air and the' duration of exposure are unknown.

II. Who Should Particioate

All workers involved in the processing of tritium, under conditions

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

should participate.

.

III. What Tyoes of Bioassays Should be Performed

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 above).

B. Routine Urinalysis d

C. Post-ocerational. Within one month of last possible exposure
. to tritium.
t

l

D. Diagnostic. Within one week of any sample exceeding levels

given as action points in Section Y belcw. See V.A.2.(d).

|

| IV. Mcw Often

i A. Initial Routine Samoles
Within 48 hcurs following entry of an individual into an area

where operations require bioassay according to Section I.A and

|
| -

,, _ _ _ _ ---
-



, .

..

'

-3-
.

B above, and then every two weeks or more frequently thereafter.
3as long as the individual is working with g,

B. After 3 Months

The sampling frequency selected in accordance with Section 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 xCi/1,
.

(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 are exposed,

multipliedbythefactor6.3x100 ml, does not exceed 0.8 mci,

and<

(3) The working conditions during the 3-month period, with?

respect to the potential for tritium exposure, are

representative of working conditions during the pericd

in which a quarterly urinalysis frequency is employed,

and there is no reasonable expectation that the criteria

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

i .

V. Action Points and Corresconding Actions

A. Bi-Weekly or More Frecuent Samoling

1. If urinary excretion rates exceed 5 uCi/ liter, but are less

i

!
i
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than 50 eCi/ liter, the following course of action should be
" 'taken:

(a) a survey of the operations involved, including air

and area monitoring, should be carried out to determine

the cause(s) of exposure and evaluate potential for

further larger exposures.

(b) Implement any reasonable corrective actions indicated-

in the survey that may lower the potential for further
'exposures.

(c) A repeat urine sample should be taken within one week

of the previous sample and should be evaluated within a
,

week after collection.

(d) Any evidence frca (a) and (b) indicating that further

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

dose ccmmitment in excess of the limits established in

120.101 should serve as cause to remove the employee frem

. work in this operation until the source of exposure is

- discovered and corrected.

2. If urinary excretion rates exceed 50 xCi/ liter, the folicwing
- course of action should be.taken:

(a) Carry out all steps as in 1.(a) to (d) above.

(b) If the projected dose ccmmitmen+: exceeds 5 rems, report

the incident to the NRC in accordance with s20.403 of,

10 CFR Part 20.
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(c) Refer the case to appropriate medical / health physics

consultation for recommendations regarding therapeutic

procedures that may be carried out to accelerate removal

of tritium frcm the body and reduce the dose as low as

reasonably achievable.

(d) Carry out repeated sampling (urine collections of at

least 100 mi each) at approximately one-week intervals,

at least until samples show an excretion rate less than

5 pCi/ liter. If there is a possibility of long-term

organic compartments of tritium that require evaluation,
'

continue sampling as long as necessary to ensure that
I

appreciable exppsures to these other compartments do not

go undetected. -

B. Cuarterly Samolino'

.4
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 frecuent) sampling for at least the
! next 6-month period, even when urinary excretion fails belcw '

5 uCi/ liter.
!

i
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