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ABSTRACT

The hazard resulting from inhalation of unoxidized

tritium (T2 or ET) in relatively high concentration was

investigated. Mice were made to inhale an atmosphere con-

taining 1 per cent tritium gas

rate of fixation of tritium as

determined.

30The animals fixed an LD50

(20 curies per liter) and the

HTO in the body fluids was

dose of tritium as tritium

water (1.5 rec./cc. of body fluids, equivalent to -800 rep

total body exposure) in about 45 minutes, during which time

the calculated total dose to the lung surfaces was -135,000

rep. No histological evidence of acute lung,changes from

the very high doses of beta radiation was observed. The

30 day survival,curve of the mice inhaling 1 per cent

tritium gas was compared with that of animals given tritium

water (ElO) by intraperitoneal injection. The results showed ,
r

30no significant difference in the LD50 of mice exposed by in- ‘

halation of tritium gas and mice that received equivalent

amounts of ETO by injection. From these results it was

3



concluded that the additional large beta radiation exposure

of the alveolar surfaces resulted in no additional acute

stress to the animal. It appears, therefore, that the fixa-

tion of tritium as ETO in the body fluids is the limiting

factor with regard to acute inhalation exposure to tritium

gas.

,-
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Introduction

The hazards associated with the inhalation

concentrations of tritium gas were investigated
.-

of very low

experimen-

tally by Pinson.L’z He reported that tritium in the form of

water (T20 or HTO) is much more dangerous than tritium in

the form of hydrogen gas (T2 or HT) because of the quantita-

tive fixation of the former by exchange with water vapor in

the lungs. HT, on the other hand, is fixed (as HTO) only to

the extent of 4 per cent per hour by the rat and 0.08 per

cent per hour by man. This oxidation was shown by investi-

3,4
gators at Hanford to be due largely to bacterial action

in the gastrointestinal tract. An additional oxidation

mechanism for the conversion of the less harmful HT or T2

into H’10is “auto-oxidation”: the reaction resulting from

the radical chains initiated by the beta radiation of

tritium. This rate has been measured by Dorfman and Hemmer.
5

From past investigations in animals and humans much has been

learned about the absorption, distribution, and excretion of

tritium when in the form of HTO.
2,6-14

9



Studies of the metabolic turnover of tritium and its

exchange with organically-bound hydrogen in the tissues have

been reported by Thompson 15-18 and the effect of non-uniform

distribution and tritium exchange on the health hazard of

exposure to tritium water has been carefully considered by

the same investigator. 19
Furchner and Storer~ found the

relative biological effectiveness of tritiun beta radiation

60to be 1.6 compared to the gamma rays of Co for production

59
of depression of Fe uptake in the red blood cells of rats.

Worman, 21 using splenic and thymic weight loss in mice, ob-

tained an RBE of 1.4 when tritium beta radiation was compared

with radium gamma rays.

The effects of the various aspects of tritium metabolism

(discussed in the references cited above) on the maximum

permissible levels of tritium in air, water, and the human

body have been reviewed and summarized in a report by

Thompson and Kornberg. 22

The hazard of inhalation of unoxidized tritium in rela-

tively high concentration, however, had not been investigated

experimentally. Calculation of the hazard of inhalation of

T2 on the basis of the H’IUuptake is fairly straightfomrd,

and Anderson and ~ngham have considered the general problem

on a theoretical basis. 23 A theoretical estimate of the

radiation dose to exposed lung and skin surfaces gives

10



3000 rep per minute as the dose in an atmosphere containing

only 1 per cent T2. What such a dose rate indicates in

terms of actual tissue damage is very difficult to guess,

because of the extremely short range of the tritium betas

(of the orderof 1 micron) in tissue. It seems fairly

certain that the horny layer of the skin will afford complete

protection, but there remains the possibility of damage to

the lungs. The present study was undertaken to determine if

any pronounced acute lung damage resulted from the inhalation

of unoxidized tritium gas in relatively high concentration.

Adult female mice (CFl strain) were used throughout

this study. Approximately one half of the animals were ex-

posed to the inhalation of T2 and one half received ~

by intraperitoneal injection. The survival curve of the

former group was then compared with the analogous curve ob-

tained from the group receiving HTO by injection. Any

pronounced acute lung damage from the very high doses of beta

radiation from the unoxidized T2 should be evidenced by an

30apparent reduction of the LD50 for the animals exposed by

inhalation.

11



Fourteen groups of 12 mice (24 to 26 g. body weight)

each were exposed to the inhalation of an atmosphere con- “

-taining 1 per cent T2 (20 curies per liter). The exposure

periods ranged from 10 to 200 minutes. Exposures wero

carried out in a closed system of approximately 1350 ml.

volume. Figure 1 shows the complete apparatus used in this

study. The exposure chamber was a glass cylinder containing

two perforated Lucite shelves to support the mice, 6 mice

per shelf, and two trays with NaOH and P205 to remove (X)2

and water, respectively. A Lucite fan at the bottom of the

cage insured rapid air circulation during the exposure. A

cold finger condenser in the center of the cage that was

connected to a

Oxygen gas was

about 1 mm. Hg

chilled water system (12”C.) provided cooling.

supplied through a one-way demand valve at

above atmospheric pressure. No metal was

used in the cage in order to avoid the possibility of cata-

lytic oxidation of the T2. The mice could @ left in this

closed system for several hours without observable “ill

effects.

The tritium gas came from

source attached to the system.

400 to 450”C. released free T2

an uranium tritide (UT3)

This source when heated to

into an evacuated, calibrated

gas burette. By means of a manometer the desired volume of

T2 was measured. A nine-fold excess of ordinary hydrogen
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(E2) -S then added to the T2. 8inoe the auto-oxidation

rate is proportional to specific activity, the ordinary

hydrogon compotes with tritium for the radiation-produced

rad~aaln and lowers by a factor of about 10 the total amount

of tritium aonvertod to KIW by the auto-oxidation proc~ss.

This roductlon of the auto-oxidation rate permitted con-

siderably longer●xposures befor. the fixation of a lethal

dose of tritium water in the body fluids and provided a

larger ratio of lung dome to whole body dose. The gasea “

were allowed to mix for 30 minutes. After the animals were

placed In the cage, the pressure was reduced proportionately

to allow the admittance of the RT gas. At the ●nd of the

●xposure period, the remaining ET was recovored by flu~hing

the gas mixture in the cage into a largo ●vacuated flask

where the ET was oxidized to HTO by means of an ●leotriaal

spark. The mice were placed in metabolism cages (4 animalm

per csage),and urine speoimens were colleoted at specified

intervals for 6 days, after which the animals were placed in

regular sages and observed for 30 days to determine the

LD~~ dose of tritiun beta radiation.

The urine samples were assayed for tritium aotivity

(MT@ with the liquid scintillation counter (Mg. 2).24’25

The maximum tritiua aativity in the body fluids (in Mat/Ml~)
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was determined for each group of mice by plotting the ETO

concentration in the urine versus time after exposure and

extrapolating back to the origin. Figure 3 shows the curves

for the ?iToturnover of three such groups. The times plotted

in this figure represent the midpoint of each collection

period.

The data in Fig. 4 show the fixation rate of HTO by mice

that inspired 1 per cent T2 mixed with 9 per cent H2. The

rate of fixation for short periods of exposure was quite un-

expected. On the basis of measurements of the biological

oxidation rate in rats, it was expected that the mouse, when

inhaling 1 per cent tritium gas, would build up ETO activity

in the body fluids at a rate of about 0.9 mc./ml./hr. The

calculated auto-oxidation rate for a mixture of 1 per cent

T2 is 0.08 per cent per hour. Assuming that the mice ex-

changed their body water quantitatively with all the tritium

water produced in the 1.35-liter cage by auto-oxidation, the

expected rate of uptake from this source was 0.15 mc./ml./hr.

The sum of these two rates (1.05 mc./ml./h).) should give the

total rate of tritium water uptake by the mouse breathing a

mixture of 1 per cent T2 and 9 per cent H2. For long expo-

sure times the slope of the concentration versus time of

exposure curve gave a value of 1.15 mc./ml./h,., which did

agree very well with the calculated value. However, the

16
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experimental

The observed

total of 0.8

curve did not extrapolate back to

results indicated a rapid initial

the origin.

uptake of a

rec./ml., an uptake with a half-time of 22 ●in-

utes which was completed in about 1 hour, after which the

expected rate was observed.

An analysis of the initial portion of the curve (Fig.5)

indicated that an exponential absorption equation of the

form

c= CO(l - e-ut)

was compatible with the data. The above rate equation would

follow if the observed concentration was a result of the up-

take by the mice of a small amount of T20 originally present

in the T2. However, 0.5 per cent of the total amount of T2

in the cage would have to be in the form of ETO to provide

for the observed results. Also, the uptake would be quanti-

tative and the rate of uptake would be determined by the rate

at which the mice turned over the volume of air in the cage.

Assuming a respiratory volume of 25 ml./min. per mouse, the

calculated time required for 12 mice to turn over the

1350 ml. volume of the cage is 3 minutes. If the local mix-

ing of the exhaled air with the rest of the cage was poor,

this half-time could be lengthened considerably, but 22 min-

utes is rather extreme. Furthermore,

19
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the identity of the “impurity” with water or with any chemi-

cal species of tritium exchangeable with water failed.

Passing the T2 gas over P205, extracting it with ● large

volume of liquid water, and premixing the T2-H2 gas with

excess air or 02S followed by exposing the mixture to liquid

water, all failed to affect the initial uptake rate.

The nature of this peculiar effect, therefore, remains

unknown. It was important for the present experiment only

in that it reduced appreciably the permissible duration of

the exposure and decreased the ratio of the lung dose to

total body dose. The mice fixed a lethal dose of El%)in

about 45 minutes; whereas, if the 1.15 mc./ml./hr. rate of

fixation had prevailed from the start of the experiment, a

time of 75 minutes would have been required and the lung

dose associated with the 1# of HTO would have been 225,000

instead of 135,000 rep.

Fifteen groups of 12 to 21 mice (24 to 26 g.) each were

injected intraperitoneally with HTO in amounts sufficient to

produce tritium concentrations in the body fluids correspond-

ing to those of the animals exposed by inhalation of ET.

Urine samples were collected from the injected mice and

the ETO turnover established in the same manner given above

(Fig. 3). In both experiments the integrated total body beta

radiation dose to the mice by the HTO was calculated using

21



the following physical constants and formulae:

5.69 kev - average energy release per tritium
disintegration

3.7 x 107 d/see. - 1 mc.

3.6 x 103 sec. - 1 hr.

1.6 X 10-9 erg - 1 kev

93 ergs/g. = 1 rep

0.67 ml. of water per gram of tissue

Dose (rep) =
5.69 X 3.7 X 107 X 3.6 X 103 X 1.6 X 10-9

93

- 13 rep/hr./rec./g.x 0.67 ml./g.

= 8.7 rep/hr./rec./ml.

‘1/2
Integrated dose = 8.7 x C x ~T~

●

In the above expressions the calculated dose delivered per

hour by tritium at a concentration of 1 rec./g. is 13 rep,

67 per cent is the observed body fluid content, t1,2 is the

turnover time of HTO in hours and C is the tritium concentra-

tion in millicuries per milliliter of body water.

The data

doses, and 30

by inhalation

showing the exposure conditions, radiation

day survival of the animals that were exposed

of HT and by intraperitoneal injection of HTO

are summarized in ~bles 1 and 2, respectively.

When the per cent survival at 30 days was plotted

against total body radiation dose in rep, the survival curves

22
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shown in Fig. 6 were obtained. From these curves it appears

30
‘hat ‘he ’50 total body radiation dose for animals exposed

by the inhalation of HT was about 900 rep and that for ani-

mals receiving tritium beta irradiation by intraperitoneal

injection of ETo was about 840 rep. Probit transformations

of!the two survival curves are shown in Fig. 7. Statistical

analysis of the probit regression lines gave a value of about

800 rep for the LD~~ tritium beta irradiation dose in both

cases and failed to show any significant difference in the

values obtained under the two different exposure conditions.

The slopes of the two regression lines appeared to be signif-

icantly different. It is doubtful, however, that this

difference in slope has any interpretable meaning insofar as

the experiment was concerned. Unfortunately, the high

initial fixation rate of XT (as E’N))by the animals exposed

by inhalation resulted in 100 per cent deaths in the majority

of the exposed groups of the first experiment. It was, there-

fore, necessary to repeat the experiment using additional

animals that were not randomly selected from the same popula-

tion as those exposed by intraperitoneal injection of ETO.

It is quite likely that the difference in slopes of the two

regression lines is an indication of lack of homogeneity

between the two animal populations from which the experimental

groups were selected.

25
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The data in Table 3 show the survival times of the mice

following the two methods of exposure. These data show no

obvious difference in the time sequence of deaths in the

two experimental groups, which suggests that the modes of

death of animals that received ETO by the inhalation of HT

and those receiving ET()by intraperitoneal injection were

quite similar, and in both cases due primarily to total body

irradiation from the HTO in the body water.

Discussion and Conclusions

Theoretically, the inhalation of unoxidized

in relatively high concentrations should produce

tritium gas

very high

beta radiation doses to the lung surfaces. A portion of the

inhaled tritium is oxidized to ETC)by biological oxidation

within the animal and a portion undergoes auto-oxidation by

the beta particles of the tritium itself. Ii’the acute beta

radiation of the lung surfaces resulting from the inspiration

of the unoxidized tritium produces a significant additional

stress to the animal, 30
‘he ‘D50 dose of HTO taken into the

animal via inhalation of ET should be lower than that of HTO

administered via intraperitoneal injection by some amount

that would be a measure of the contribution of the lung

damage to the death of the animal. In the present studies

animals were forced to inhale an atmosphere containing

28



0
0

o
o

w
w

m
m

~
m

+
N

a
oooo

N
om

uacoo.-l
N

e
4

N
N

C
-II-II+

C
-IH

H
N

N
A

F
C

I+
I+

I
l-l

1
+

f-l

c
-t

l-l
*N

A
N

N

$
+

!-4
m

ml-l

l-l

-4

r+
+

N
N

C
N

N
N

IN
N

N
N

N
N

N
N

d
.-il-l

r+
til+

d
l+

tid
l+

C
-4A

.+
.-l

m
m

F
IN

I-4
A

x

2
9



1 per cent of unoxidized tritium for varying periods of time.

Under the experimental conditions the mice fixed a lethal

dose of tritium (1.5 rec./ml. of body fluids) as ET()in about

45 minutes. During the 45 minute exposure period, the cal-

culated tritium beta radiation dose to the lung surfaces was

approximately 135,000 rep. The ETO concentration of

1.5 rec./ml. of body fluids delivers a total body beta radia-

tion dose of approximately 800 rep. The probit regression

lines for per cent survival versus tritium beta radiation

dose (Fig. 7) indicate that there was no significant differ-

30
‘rice ‘n ‘he ‘D50 dose for mice that had received E’TOvia

inhalation of unoxidized tritium and those that received ETO

via intraperitoneal injection.

The data on median survival time of animals exposed via

inhalation of ~ and via intraperitoneal injection of ETO

(shown in Table 3) indicate also that there was no essential

difference in the mode of death of the animals dying in each

exposure group. Although not conclusive, the above observa-

tion at least suggests that the very high beta radiation

dose delivered to the lung surfaces by the unoxidized tritium

did not contribute materially to the death of the animals, and

histological examination

any gross or microscopic

The present studies

of the exposed lungs failed to reveal

signs of damage.

strongly suggest, therefore, that

30



animals dying from inhalation of high concentrations of un-

1
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oxidized tritium die primarily from total body beta radiation

resulting from the absorption of HTO formed by biological

and auto-oxidation of the tritium gas. The apparent absence

of acute damage to the lung surfaces from the high beta

radiation doses resulting from inhalation of T2 or ET may

possibly be due to absorption of the beta energy by a thin

film of water present on the respiratory surfaces.

From these studies it appears that the acute hazard

resulting from the inhalation of tritium gas is confined

primarily to the total body beta radiation dose resulting

from the tritium activity absorbed and incorporated into the

body fluids as HTO.

It is not practical, however, to increase the maximum

permissible air tolerance levels on the basis of the lower

toxicity of T2 compared with HTO because monitoring instru-

ments do not differentiate between the two forms. It iS

necessary, therefore, to assume that in any emergency the

more dangerous species is present.

In considering the acute effects of exposure to high

levels of tritium known to be in the form of T2, it may be

concluded that direct lung damage can be disregarded. The

possibility of delayed effects after sub-lethal exposures

has not been eliminated, however, and the animals surviving

31



the exposures are being followed with this possibility in

mind. Experiments to study the effects of chronic sub-lethal

exposures would be desirable.

.
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