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COMPARISON OF LATE EFFECTS OF SINGLE X-RAY EXPOSURE, CHRONIC
INITIATED WATER INGESTION AND CHRONIC CESIUM 137 GAMMA EXPOSURE
ON MICE.

Abstract

There is concern over the possible late effects resulting
from chronic exposure to tritiated water, a primary by-product
of power reactors. We are comparing the genetic and somatic
effects of tritiated water ingestion to acute x-ray or chronic
cesium*137 gamma-ray exposures. Eight week old mice were main- -
tained on tritiated water in concentrations of 0.3, 1.0 and
3.0 uCi/ml. Identical animals received cesium-137 gamma exposures
equivalent to that from the tritiated water. At 4 week intervals
animals were sacrificed and the hematopoletic stem cell content
and cellularity of. the bone marrow determined. For comparison
of acute and chronic effects one group of mice received a single
whole body x-ray exposure of 525 rads. The x-ray animals
showed an immediate sharp decrease in marrow cellularity followed
by gradual return to normal levels, with a lifelong reduction, in
number of marrow stem cells. Animals exposed to the two higher
concentrations of tritiated water showed only slight reductions
in marrow cellularity, with a lifelong reduction in hematopoietic
stem cells in the bone marrow. Comparison of the external gamma
exposures to chronic tritiated water ingestion indicates similar
patterns. Maintenance of normal cellularity with a reduced
number of stem cells in X-rayed animals was shown by tritiated
thymidiue cytocide to be due to the reduction is number of sten .
cells in the resting GQ stage. At this time it is not possible
to determine whether there is a significant difference in
relative biological effectiveness of tritiated water compared to
cesium-137 gamma rays; however̂  indications are that they are
similar.



Introduction;

There is growing concern over the possible late effects re-
sulting from chronic exposure to tritiated water, a primary
byproduct of power reactors (1 ,2 ,3 ,4 ,5) . To investigate the
possible hazards of the longterm ingestion of trit iated water a
program investigating the general problem of tritium toxicity was
undertaken. This study included evaluation of the genetic hazards
as measured by the induction of dominant lethal mutations, effects
on growth as measured by body weight, somatogenetic effects as
measured by the induction of chromosome aberrations in the
regenerating l iver, and somatic effects as measured by changes in
bone marrow cellularity and hematopoietic stem ce l l content. Re-
sults of the genetic and somatogenetic studies have been previ- .
ously published (6,7) . The results of the longterm hematopoietic
studies will be presented at this time.

Since there is some question concerning what value should be
used for the quality factor (Q) or relative biological effective-
ness (RBE) for tritium, mice were exposed to an external gamma
source (*37Cs) at a dose rate equivalent to that which they would
receive from the chronic ingestion of tritiated water. As a matter
of radiobiological interest a third group of animals was exposed
to a single nonlethal whole body 250 kVj? x-ray dose (525 rads).

Materials and Methods;

Mice of the Hale-Stoner-Brookhavan strain were used for a l l
determinations. This is i.i albino strain which has been main-
tained in a single colony for approximately 20 years in the
Medical Department at Brookhaven National Laboratory. Animals are
normally maintained on Purina Laboratory Chow, Ralston Purina Com-
pany, St. Louis, MO., ad l i b , and tap water acidified to pH 2.4.
Breeding partners are established by random selection of animals
born within the same week without attention to littermate selec-
tion. At 4 weeks of age the animals are removed from the mouse
colony and divided into experimental groups. The f irs t of these
was maintained on tritiated water (HTO) (3.0 Ci/ml) and a second
group on tap water throughout the experiment. At 8 weeks of age
animals were bred within their treatment groups and i t is on the
second generation animals that all determinations are then made.

Radiation Exposures;

X-ray exposures were made on both male and female animals 8
weeks of age. Exposures were made by placing the animals in a
round Lucite holder which is divided by radial partitions such
that one animal can be placed in each of 10 sections. Exposures
were done using a 250 kVp General Electric Maxitron X-Ray Machine.
Exposures were made at 250 kVp, 30 MA and at a dose rate of 120
rads/mi n. The x-ray dose as measured within a tissue-equivalent



phantom was 523 rads. This dose would cause no deaths for at
least 30 days following exposure.

Bone Marrow Evaluation:

The leg bone marrow (femur and tibia) of experimental and
control animals was analyzed for total cel lularity, relative num-
ber of hematopoietic stem ce l l s , and total number of hematopoietic
stem cel ls per leg. For the x-rayed animals determinations began
as early as one day following exposure. Control animals and those
exposed to 13?Cs gamma rays and HTO were analyzed at approximately
4-week intervals beginning when the animals had reached approxi-
mately 10 weeks of age. Bone marrow from the donor mice was
harvested by the quantitative method of Stoner and Bond (8), which
allows determination of the total cellular content of the femur '
and tibia. The number of hematopoietic stem ce l l s (CFU-S) was
then determined using the method of Ti l l and McCullough (9) . In
this test the bone marrow cel ls from the treated animal are
injected into recipient mice which have received a lethal (750
rads) whole-body radiation exposure. After 7 days the recipient
animal is ki l led, the spleen removed, placed in Bouin's solution
and after 24 hrs the number of surface colonies on the spleen -
counted. The number of colonies bears a direct relationship to
the number of viable pluripotent stem cel ls injected into the
recipient mouse. From the measured values of total ce l l s / l eg and
colonies obtained from 60,000 cel ls injected into the recipients,
i t is possible to calculate the total CFU-S/leg.

Tritiated Thymidine( %cdr) Cytocide Technique

To 1 ml of the bone marrow solution-is added 250 UCi of
(20 Ci/mm). The solution is incubated for 20 minutes at 37°

after which 30 ml of cold media is added. The solution is mixed
and then centrifuged followed by a second washing with 30 ml of
cold media. Following centrifugation the cells are resuspended in
5 ml of media, counted, and the necessary dilutions made for injec-
tion of Che cells. Control cells are treated in an identical way,
except that nonradioactive thymidine is used in place of the
3Htdr.

Results;

Physically Che animals exposed to the cesium gamma rays or
maintained on HTO and tap water appeared the same. Visual
examination showed no difference throughout the observation period
of 560 days. The weight curves were also identical, indicating no
stunting. Animals receiving a single x-ray exposure showed a
moderate weight loss and some ruffling of fur. However no severe
symptoms or deaths resulted frcn this exposure.



Bone Marrow Evaluation:

The determination of total marrow cellularity indicated no
significant difference between chronic gamma-exposed, HTO-
ingesting animals, and those maintained on tap water. Animals
receiving the single x-ray exposure showed a narked reduction in
cellularity reaching a minimum 7 days after exposure and then
returning to normal levels by 8 weeks after exposure. With some
variation these animals showed normal cel lularity throughout the
observation period (Fig. 1) . The HTO and 137cs animals exhibited
no changes in total bone marrow cel lulari ty .

The CFU-S measurements indicated a reduction in total CFU-
S in the marrow of a l l three irradiated groups. With minor
exceptions this depression was apparent throughout the observation
period (Fig. 2 ) .

Tritiated thymidine cytocide measurements indicated that the
single x-ray exposed animals had many more of their CFU-S3 in
active DNA synthesis than did the tap water controls. (Table 1)
Cesium exposed and HTO ingesting animals did not show as
significant an effect , with marked radiation apparent.

Dosimetry;

The *radiation dose delivered to several tissues by ingestion
of the 3.0 yCi/ml HTO has been calculated on the basis of total
tritium content/gram of t issue. At selected intervals beginning
at 8 weeks of age blood plasma and soft tissues were harvested
from both male and female animals. The tritium content of the wet
tissues was measured by sc int i l lat ion counting. From these values
the total radiation dose was calculated. Determinations of the
amount of tritium incorporated into subcellular protein fractions
were also made. Details of this methodology and the results ob-
tained have been previously described (10). The calculated
radiation dose on the basis of tritium content in blood plasma
averaged 0.69 rad/day after approximately 3 'weeks on the HTO regi-
men.

DISCUSSION

Animals receiving a single 525 rad whole body x-ray exposure
showed more severe immediate effects than did animals receiving
low level chronic gamma irradiation or chronic HTO ingestion. The
immediate weight loss in the x-ray exposed animals indicates rath-
er severe injury. The severity of this effect is also apparent in
the marked reduction in total bone cellularity and CFU-S content.
The ability of the animal to compensate for the severe injury is
evident in the return to normal cellularity levels by approxi-
mately eight weeks after the x-ray exposure. Similarly the animal
compensates for a continuing radiation stress by maintenance of



normal bone marrow cellularicy throughout the lifetime exposure to
external 1^Cs gamma rays or the internal emitted beta rays from
ingested HTO. In both the acute and chronically irradiated ani-
mals the compensation takes place in the presence of a reduced num-
ber of hematopoietic stem c e l l s .

The maintenance of normal cellularity with reduced stem ce l l s
could be accomplished in at. least three ways:

1) Additional divisions in the proliferative and maturation
stages.

2) A shortening of cycle time allowing more divisions in
the same time with greater amplification of a smaller number of
CFU-S.

3) Recruitment of GQ stem cel ls into proliferation.

Of these three possibi l i t ies the third one was tested by the
tritiated thymidine cytocide technique. Results of measurements
on the 325 rad x-rayed animals indicate that the animal
compensates at least in part by an increase in number of cel ls in
active DNA synthesis. However in the case of chronic exposures,
the results are not as definitive. While there may well be a
similar compensation the results are not sufficiently well-defined
to attribute the observed effects to this explanation. The ques-
tion then arises whether different mechanisms are involved in the
injury and functional recovery of the bone marrow in these groups.
Reduction in the number of bone marrow stem cel ls might be attrib-
uted to stromal injury in the marrow such that i t cannot support
as many stem cel ls as previous to the radiation exposure. This
concept of an insufficient number of "niches" or supportive envi-
ronment could explain the results.

Similarly, injury to the stem cel l pool such that self-
replication was not sufficient to restore normal stem cel l
concentrations is a possibil ity. Since by necessity the stem
cel l oust have self-replicative potential, at least for the
larger single dose, the concept of insufficient "niches" makes
the most reasonable explanation.

It is interesting to note that reduction in stem cel ls is
essentially equivalent for a l l three types of exposures,
indicating that while the mechanisms causing this reduction may
not be identical, they result in an equivalent level of effect ,
and/or an identical capacity for recovery in following either type
of exposure.

The relationship of these effects to radiation exposure from
tritium in the environment deserves some comment. These results
indicate that at least in the mouse there is a hazard associated



with continuous ingestion of HTO at a concentration of 3.0
It oust be noted that this is well in excess of the current maxi-
mum permissible concentration for drinking water. I t is similarly
many orders of magnitude higher than the HTO levels found in the
environment due either to natural occurrence, past nuclear tes t -
ing, or that which might be anticipated from power reactors of
either the fission or fusion type.

Comparison of the chronic gamma and tritium exposures shows
no significant difference in the effects measured for equivalent
dose rates. These results indicate that for the effects measured,
the Q or RBE is probably not much different from the presently
accepted value of 1.0.
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Table 1

Percent 3Hcdr CyCocide

Time After X-Ray 525 rads

(wka) WB x-rays

unirradiated

controls

10

18

36

24.30

24.30

20.53

16.20

16.13

15.40
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FIGURE LEGENDS

Figure 1.. Total bone marrow cellularity for control
animals and those receiving a single whole
body x-ray exposure of 525 rads.

Figure 2. The leg bone marrow hematcpoietic stem cell
content as measured by the exogenous spleen
colony technique of animals receiving a single
whole body x-ray exposure of 525 rads,
continuous 137cs gamma exposure or ingestion
of water containing 3.0 uCi/ml of tritium
The values are expressed as percent of age
matched controls.
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