S R 19~17

g 4 719123 .
.k 1\
‘ i\ UNCLASSIFIED HW - 21494
SN\
:}E BIOLOGY DIVISION
- HEALTH INSTRUMENT DIVISIONS
RETENTION BY MICE OF TRITIUM
: ADMINISTERED AS THE OXIDE
. June 19, 195}
o . REPOSITORY PML
. ; = | COLLECTION \Q"/\'H wm S5 LI
uf BOX No. '\\)I[ﬁ
: LOER M TI}A/
- GENERAL @ ELECTRIC
f:; NUCLEONICS DEPARTMENT
= HANFORD WORKS | RICHLAND, WASHINGTON

UNCLASSIFIED

THiS DSCUMENT 5 FusLICLY
LVAIL2RLE




UNCLASSIFIED HW-21494

Health and Biology

This document consists
of 14 pages, Copy No.{4
of 263 Copies, Series A

RETENTION BY MICE OF TRITIUM

ADMINISTERED AS THE OXIDE

by

R. C. Thompson

June 19, 1951

Biology Division
HEALTH INSTRUMENT DIVISIONS

H. A. Kornberg, Head H. M. Parker, Manager
Biology Division Health Instrument Divisions

ERTEEE

Hanford Works
Richland, Washington

Operated for the Atomic Energy Commission
by the
General Electric Company
under
Contract # W-31-109-eng-52

UNCLASSIFIED -




UNCLASSIFIED

2
HW-21494
Health and Biology

Internal Distribution

Copy No.

— bt s
WN O WO I W

pamd
I

M

[ I g Sy SR
Oo-IMm

M. Parker - M. L. Mickelson

. I. Patnode

Gross - W. K. MacCready

Greninger - O. H. Greager

. Norwood - P. A. Fuqua

Maider - E. P. Lee - R. S. Bell
Gamertsfelder - J. W. Healy - R C. Thorburn
Tabb - W, A. McAdams

Bustad - K. E. Herde - M. H. Joffe

Foster - A. C. Case

SErEatgErosEm
R0 gw2

- J Katz-J W. Porter

H. A. Kornberg
R. C. Thompson
Elizabeth H. Groff
300 File

700 File

Pink File

Yellow File

Extra File

UNCLASSIFIED




. UNCLASSIFIED -3
HW-21494

Health and Biology

Project Distribution

Copy No.

20 - 27 - Argonne National Laboratory

28 ' - Armed Forces Special Weapons Project

29 - 31 - Atomic Energy Commission, Washington

32 - Battelle Memorial Institute

33 - Brush Beryllium Company

34 - 37 - Brookhaven National Laboratory

38 - Bureau of Medicine and Surgery

39 - Bureau of Ships

40 - 41 - Carbide and Carbon Chemicals Company (C 31), Paducah
42 - 45 - Carbide and Carbon Chemicals Company (K-2§)
46 - 49 - Carbide and Carbon Chemicals Company (Y -12)
50 - Columbia University (Failla)

51 - 55 - duPont de Nemours and Company

56 - 57 - - Eldorado Mining and Refining Ltd.

58 - 63 - Idaho Operations Office

64 - 65- - Iowa State College

66 - 67 - Kellex Corporation

68 - Kirtland Air Force Base

69 - 70 - Knolls Atomic Power Laboratory

71-173 - Los Alamos Scientific Laboratory

74 - Mallinckrodt Chemical Works

75 - 77 - Mound Laboratory

78 - National Advisory Committee for Aeronautics
79 - National Bureau of Standards (Taylor)

80 - Naval Medical Research Institute

81 - 82 - Naval Radiological Defense Laboratory

83 - New Brunswick Laboratory .

84 - 86 - New York Opeérations Office

87 - North American Aviation, Inc.

88 - 95 - Oak Ridge National Laboratory (X-10)

96 - Patent Branch, Washington

97 - Rand Corporation

98 : - Savannah River Operations Office

99 - Sylvania Electric Products, Inc.

100 - 174 - Technical Information Service, Oak Ridge
175 -182/79 - USAF, Major James L. Steele
180 -~ U. 4% Geological Survey
181 - 182 - U. S. Public Health Service

183 - University of California at Los Angeles

184 - 189 - University of California Radiation Laboratory
180 - 191 - University of Rochester

182 - University of Washington
193 - 196 Western Reserve University ’
197 - 198 Westinghouse Electric Corporation

UNCLASSIFIED

PILungs



UNCLASSIFIED 4

. HW-21494
Health and Biology

Supplemental Distribution

Copy No.
199

200
201 - 204

205

2086
207
208
209 - 210
211

212

215
216

217 - 231
232
233 - 234
235 - 244
245 - 249
250

251
252

233

254 - 256
257
258
259

260
261 - 262

213 - 214

- Armed Forces Institute of Pathology (Brig. Gen.
E. DeCoursey)

- Army Medical Library (Acquisition Division)

- Atomic Energy Project, Chalk River (The Library)

- Calif. Institute of Technology (Dr. R. F. Bacher)

- Chief of Naval Research :

- Harshaw Chemical Company (Mr. K. E. Long)

- Isotopes Division (Mr. J. A. McCormick)

- Library of Congress (Alton H. Keller)

- Medical Research and Development Board
(Col. F. J. Knoblauch) :

~ National Bureau of Standards (The Library)

- National Institute of Health '

- National Research Council - Ottawa (Mr. J. M. Manson)

- National Research Council, Washington

~ (Dr. M. C. Winternitz)

- Naval Research Laboratory (Code 2028)
- Nevis Cyclotron Laboratories (Mr. M. W, Johnson)
- Oak Ridge Institute of Nuclear Studies (Mr. R. A. Schlueter)
- United Kingdom Scientific Mission ‘
- USAF, Central Air Documents Office (CADO-E)
- USAF, Directer of Research and Development (Research

’ Division)

_ USAF, Sufgeon General (Mdeical Research Division)

- USAF, Wright-Patterson Air Force Base (Colonel
Leo V. Harman)
- U. S. Army, Army Medical Service Graduate School
- (Col. W. S. Stone)
- U. S. Army, Chemical and Radiological Laboratories
(Miss Amoss)
- U. S. Army, Director of Operations Research Office
(Dr. E. Johnson)
- U. S. Army, Office of the Chief Signal Officer
(Mr. N. Stulman through Lt. Col. G. C. Hunt)
- U. S. Army, Special Weapons Branch (Lt. Col. A. W, Betts)
- University of Chicago Toxicity Laboratory (Dr. J. M. Coon)
- UT-AEC Agricultural Research Program (C. L. Comar)

UNCLASSIFIED



5
HW -21494

SUMMARY

Tritium oxide was administered to mice by intraperitoneal in-
jection. The retention of tritium activity in the body water and in the
dry carcass was determined. The biological half-life of body water
in the mouse is approximately 1.1 days. The curve of tritium loss from
the tissue-bound state can be fairly well resolved into components of.

9 day and 90 day half-lives. These components are thought to repres-
ent, respectively, groups of relatively dynamic body constituents,

and of relatively stable body constituents. They are of comparable
tritium binding capacity and under chronic exposure to tritium would
accumulate about 17 per cent as much activity as would be present

in the body water.
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RETENTION BY MICE OF TRITIUM
ADMINISTERED AS THE OXIDE

INTRODUCTION

The results of a preliminary experiment on the retention by mice
of tritium administered as the oxide have been reported in an earlier
document (1). The present report describes an essentially similar in-
vestigation using higher levels of tritium and continuing over a much
longer time period. For the sake of completeness and to facilitate
comparison, the more pertinent data of the earlier experiment are
repeated here, together with the results of the long-term experiment.

METHODS

The data reported were obtained from two ekperiments in which

tritium was administered as the oxide to mice and the radioactivity

followed in the body water and in the dried carcass., The animals used
were mature CF-1 mice, They were housed in individual cages and
provided with water and Purina Dog Chow ad. lib. Coprophagy was
prevented by supporting the animals on wire screen floors and ex-

cluding all bedding material.

Tritium oxide was administered in 0.5 ml of physiological saline
solution injected intraperitoneally. Animals were sacrificed by decap-
itation. Each entire carcass was ground with 100 ml of benzene in a
Waring Blendor. Body water was obtained by distilling the benzene
suspension into an overflow receiver which returned the supernatant
benzene to the distilling flask and collected the water which separated
as the bottom layer. Water recovered by this procedure averaged 64

per cent of the total weight of the animal.

Benzene was removed from the carcass by distillation and the
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dry residue mixed with copper oxide and burned in a combustion tube at
750°C. Water formed in the combustion was collected in a double trap
cooled with solid COZ' Control experiments indicated complete re-
moval of tritium activity from the sample by this procedure.

Body water and combustion water were analyzed for tritium by
a method previously described (2). It involved conversion of the water
sample to acetylene by treatment with C:aLC2 and measurement of the
radioactivity in the acetylene with a vikrating reed electrometer.

Values obtained are reproducible within + 10 per cent.
RESULTS

In the first experinient 12 male and 8 female mice were injected
daily over a 13 day period, each animal receiving a total of 1. 2 mc of
tritium as the oxide. Starting 24 hours after the final injection, animals
were sacrificed at intervals over a 30 day period and body water and

: ﬁssue-bound tritium determined. The data obtained are presented

graphically in Figure'l. Each point represents a determination on a

~ single animal, and the camsiderable scatter of points is fhought to re-
flect primarilj' the individual differences in the animals rather than
experimental error. This may not be true for the last few points on
the curves. Activities below 0.5 per cent of the activity present at the
end of the injection period are near the limit of detection of the
analytical method and subject to greater error than the + 10 per cent
previously quoted. .

) - For more precise results over a longer time period, a second
experiment was performed at higher tritium levels. Eighteen animals
were injected over a two week period with a total of 5.5 mc of tritium

- as the oxide. Starting 24 hours after the final injection, animals were
sacrificed at intervals over a period of 160 days. The data obtained
for tissue-bound tritium are presented graphically in Figure 2. The
data on body-water tritium were not significantly different from those
obtained in the previous experiment and fell below detectable limits
before the end of the experimental period.

L1559
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In neither experiment were any consistent differences noted be~
tween male and female animals. The points in Figures 1 and 2 are,

therefore, plotted without distinction as to sex,
DISCUSSION

The initial slope of the body-water tritium curve in Figure 1 in-
dicates a biological half-life for body water in the mouse of about 1.1
days. The fact thai only about 10 per cent of the total tritium adminis-
tered is present in the body water at the end of the two week injection
period is consistent with a biological half-life of this mag‘qitude.

About 10 per cent of the tritium activity remaining in the animal

at the end of the injection period in both experiments was not removed

. with the body water and must, therefore, be considered as being in-
corporated into the tissue compounds. This 'bound?! tritium amounts
to 0.5 to 1. 0 per cent of the total tritium administered. That most of
this tritium is carBon-bound and not in equilibrium with body water,
is indicated by the initially much smaller value for the slope of the
bound tritium curve as compared to that of the body-water tritium
curve, The decreasing slope of the body- water tritium curve after
about 10 days is further evidence of the presence of bound tritium with
a biological half-life much longer than that of the body water. After a
sufficiently long period of time the body-water tritium curve should
exhibit the same slope as the bound tritium curve. In neither experi-

- ment was it possible, however, to follow the body-water curve accurate-
ly to this point, because of the low level of activity remaining.

Conclusions as to the biological half-life of the tissue-bound
tritium can best be drawn from the data of the long term experiment.
As shown in Figure 2, the bound tritium curve can be resolved fairly
well into two major components with half-lives of about 9 days and 90

‘days. Such a resolution can only be considered as a rough grouping of
the tritium binding entities into two classes. There are as many actual
components to the curve as there are compounds in the animal capable |
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of binding tritium. Further uncertainty attaches to the half-life of the
longer lived component because of the considerable scatter of points and
the lack of information as to the course of the curve beyond 160 days.

For this reason the value of 90 days for the half-life can be considered
only' an approximation. With these limitations in mind, it is still possible

to draw certain significant conclusions from the data.

The ''90 day component®’ constitutes, at the end of the irijection
period, about 0.55 per cent of the total activity remaining in the animal.
The ''9 day component®! constitutes about 6 per cent of the activity re-
maining. This bound activity has accumulated over the 13 day injection
period. One can calculate the equilibrium activity which would eventual-
ly be attained in these two components if tritium injection were continued

indefinitely by application of the equation:

where N o is the equilibrium activity, N is the activity at time t, and T is
the half-life. Expressing activities in the arbitrary units of per cent of
activity remairing at the end of the injection period, we have:

6% =

for the "9 day component!'?, N, = = 10%,
] - ¢~9-693 x13/8

1%
o-0-693 x 13/90

6%.

and for the ''90 day component'?, No

1 -

The validity of these calculations depends upon the assumption that the
rate of incorporation of tritium into the tissue components is the same
as its rate of loss from the tissue, a reasonable assumption for the

case of mature animals in approximate weight equilibrium.

Itis appafent that the potential tritium binding capacity of the
two tissue components is of comparable magnitude. If we make the
assumption that the compounds which make up the two components con-

tain about the same percentage of firmly bound hydrogen we may con-

Plulio3
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clude that the mass of these two components is comparable. This gen-
eral eonclusion would remain unaltered if the long-lived component of
Figure 2 were drawn with a half-life as short as 50 days or as long as
150 days.

This finding is in essential agreement with that of other work-
ers who have estimated the size of the nitrogen pool involved in the
""dynamic state'! by the mathematical treatment of data on the rate of
excretion of le. Hoberman (3) calculates that 51 per cent of the total
proteins of rats are in the "dynamic state'’. Sprinson and Rittenberg
(4) conclude that 28 per cent of the carcass proteins of rats are in the
'"dynamic state?, and only 6 per cent of the carcass proteins of man."

The fact that tritium administered as the oxide may be re-
tained in the body with half-lives much longer than that of body water
is of some significance in the evaluation of the radiation hazard which
would result from ingestion of tritium oxide. Methods for measuring
the internal contamination of humans with tritium would be limited,
for practical purposes to the analysis for tritium activity in a sample
in some way derived from the body water. To the extent to which
tritium may exist in the tissue-bound state, such body water analyses
would prove to be misleading. In the case of chronic exposure to
tritium oxide the maximum possible increase in the ratio of tritium
to hydrogen in tissue compounds is limited, assuming no isotopic
fractionation, by the ratio of tritium to hydrogen in the ingested water.
The total quantity of bound tritium could never be more than a frac-

. tion of the quantity of tritium in body water. For the case of the
chronic exposure of mice to tritium oxide, the increased retention of tri-
tium occasioned by tissue binding may be calculated from the results
of the pfé’sent investigation. We have already calculated the .equili-
brium activities of the two bound components shown in Figure 2. They
total 16 per cent of the activity present at the end of a 13 day ihjection
period. If we now calculate the equilibrium body water activity on the

same basis, we have:

bo b
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N = 93% = 93%.
| o-0.693 x13/1.1

Therefore, the equilibrium bound activity resulting from chronic ex-
posure to tritium oxide would amount to about 17 per cent of the equili-
brium activity in the body wafer. Consequently, the rad#ation to the
animal is 17 per cent greater than if no tissue binding occurred.
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