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"TRITOX" - A MULTIPLE PARAMETER EVALUATION OF TRITIUM TQXICITY

Arland L. Carsten
Medical Department

Brookhaven National Laboratory

The increased use of nuclear reactors for power generation will lead to

the introduction of tritium into the environment. The need for assessing

possible immediate and long-term effects of exposure to this tritium led to

the development of a broad program directed towards evaluating the possible

somatic and genetic effects of continuous exposure to tritiated water (HTO).

Among the parameters measured are the genetic, cytogenetic, reproductive

efficiency, growth, nonspecific lifetime shortening, bone marrow cellularity

and stem cell content, relative biological effectiveness as compared to
137

Cesium gamma exposure, and related biochemical and microdosimetric

evaluations. These parameters have been evaluated on animals maintained on

HTO at 10-100 times the maximum permissible concentration (0.03 - 3.0 vCi/ml)

for HTO. Dominant lethal mutations, chromosome aberrations in regenerating

liver, increased sister chromatid exchanges in bone marrow and reduction in

bone marrow stem cell content have been observed at the higher concentrations.

The relative biological effectiveness for HTO ingestion as compared to
137

external Cesium gamma exposures has been found to be between 1 and 2.



INTRODUCTION

Tritium in the Environment

As the electrical energy requirements of the world increase it becomes

more apparent that an increasing fraction of the required electrical energy must

be generated from nuclear power plants. At the end of 1980 thirty-one countries

had 483 nuclear power plants in operation or under construction (Table 1) (l).

The world inventory for tritium resulting from fission reactor operation has

been estimated to the year 2,000 (Figure 1) (2). At that time most projections

indicate that the tritium resulting from fission reactor power plants and

associated operations would contribute an amount of tritium to the world inven-

tory equal to that from natural sources.

With the advent of fusion reactors tritium production would markedly in-

crease. As noted by Feinendegen [3], between 10 and 2 x 10 curie per 1,000 MW

el would be the probable tritium yield from fusion production. That amount is

equal to between 1 and 20 Kg of tritium, which is in the range of the total

world nventory of tritium in equilibrium from natural production.

Considering the possibility of human exposures to tritium at levels sev-

eral magnitudes above natural background, it is essential that questions

concerning the health impact of such exposures be investigated in detail. Such

investigations have been in progress for a number of years in many laboratories

throughout the world. The results of these studies have been the subject of sev-

eral workshops and symposia [4-7J. However even with the considerable effort

aimed at investigating the biological effects of tritium exposure, some ques-

tions still remain concerning the mechanisms and possible effects of low level

chronic exposure to tritiated water (HTO), the form of tritium to which most mem-

bers of the population are most likely exposed.



In light of the several already published reviews [8,9J concerning tritium

effects, a review of the tritium effects literature will not be attempted in

this report. Instead, as requested by the organizers of this workshop, a brief

review of the literature describing ^n utero tritium effects will be presented

together with a progress report on the status of the Brookhaven National Labora-

tory program on tritium toxicity (TRITOX).

In atero Radiation Effects

It was early recognized that the mammalian fetus was sensitive to the ef-

fects of ionizing radiation. In 1969 the radiation biology of the fetal and ju-

venile animal was the subject of a comprehensive symposium (lOj. In all, sev-

eral hundred publications have investigated many aspects of the question of in

utero radiation exposure effects. In a recent review, Brent (ll) includes spe-

cific case histories of human _in utero exposures emphasizing the need for

concerned counselling cf women of reproductive age who may be exposed to

ionizing radiation during pregnancy.

Although specific studies evaluating the effects of tritium on the fetus

have not been as numerous as those considering external radiation exposures, a

number of important observations concerning tritium rn utero effects have been

made.

In a series of studies Cahill et al. (12-16) and Laskey et al. (l7,18)

investigated the effects of jin utero and parental exposure to tritium on the

offspring of rats. When female Sprague-Dawley rats were continuously exposed to

equilibrium levels of HTO throughout their pregnancy, the offspring receiving

interauterine exposures up to 66 rads, showed no effect on lifespan, overall

neoplasia incidence, incidence rate or onset of mammary fibroadenomas. Females

exposed ^n utero to 330 or 660 rads showed a lower incidence rate of mammary



firboadenomas and were sterile. At 660 rads females exhibited a lower overall

neoplasia incidence and reduced mean lifespans. After 660 rads male offspring

showed reduced mean longevity and were sterile. In general, females had a

significantly higher incidence of neoplasia and longer lifespan than did the

males. The body burden in these animals varied from 1 to 100 pCi/ml of body

water, which provided a total body dose to the embryo and fetus of from 0°3 to

30.0 rads/day throughout the 22 day pregnancy. At the higher dose levels

microencephally, stunting, litter size and specific organ size reduction and

increased embryo resorption were observed. Decreases in relative and absolute

weights of some term fetal organs were closely proportional to the radiation

dose. Only the gonads showed histological abnormalities. Follow-up weighings

indicated that by 180 days stunting was no longer evident in irradiated females

but was present in the males at the 50 to 100 UCi/ml doses. Cahill C16J also

followed female mice which had been maintained on HTO 1-100 yCi/ml during preg-

nancy. Post-exposure lifespan for those dams chronically exposed to 10, 50, and

100 UCi/ml (66, 330 and 660 rads during pregnancy) were reduced by 14, 24, and

22% respectively. The mean age for development of mammary fibroadenomas was

decreased with increasing doses of radiation.

Laskey (l7J investigated the effects of lifetime parental exposure to low

levels of tritium on the F, generation. Continuous exposure at 10 pCi/ml

produced a 30% reduction in the weight of the F, adult male testes but no

measureable effect on reproductive ability or growth. Significant effects on

the F. neonates included decreased body weight at 1.0 and 10.0 PCi/ml, decreased

litter size and increased resorption at 10.0 yCi/ml and a significant reduction

in relative, brain weight at 0.10 - 10.0 ViCi/ml. In comparing uterine HTO expo-

sures and lifetime parental exposures, Cahill found effects on the Fj generation



at levels 10 to 100 times below those required for effects after _in utero expo-

sure alone.

In a subsequent study Laskey and Bursian (l8) compared the effects of HTO

(10 jiCi/ml of body water) for 42 days beginning either on the first day of preg-

nancy, at birth, at 42 days or at 74 days of age. They observed a significant

reduction in sperm count and testes weight in animals exposed from the first day

of pregnancy and evaluated at 49 days of age. Similarily exposed females

exhibited a significant reduction in their 7^ litters and an increased number of

resorbed embryos. In subsequent endocrine studies the animals consistently show-

ing the greatest effects were those exposed from the first day of pregnancy. In

a similar study, Bursian et al. C19J showed that intrauterine exposures to doses

as low as 66 rads produced measureable and persistent increases in

norepinephrine and decreases in brain weight at 21 and 45 days after birth. Sim-

ilar effects could not be measured in animals receiving an in utero dose of 6.6

rads.

Zamenhof and van Marthens (20) measured changes in prenatal brain develop-

ment in rats maintained on 3.0 pCi/ml of HTO throughout 5 generations. When the

FQ generation females were maintained from adolesence throughout pregnancy on

this regimen, 60% of the newborn^ (F,) exhibited hematomas, edemas, and subdural

hemorrhages which disappeared by 30 days of age. Blood analysis of these ani-

mals at various ages did not reveal significant differences from the controls,

except for a decrease in alkaline phosphatase. The newborn body weight and cere-

bral weight were similar to the controls, whereas cerebral protein, DNA and

protein/DNA were significantly lower. Of particular interest was the finding

that E^-Fg newborns showed no more cerebral damage than those in Fj and indeed

with progressive generations the radiation damage to the developing brain became



less. In a subsequent paper f21J these authors confirmed their previous find-

ings and presented additional data concerning the importance of radiation ef-

fects on the mother animals.

A number of studies have involved comparisons of the effect of HTO or

tritiated DNA precursors on the fetus or subsequent generations. Mewissen and

Ugarte (22) investigated the cumulative genetic and carcinogenic effects of expo-

sure of mice to tritiated compounds for ten generations. In each generation,

male breeders 35 days of age received either a single injection of tritiated

thymidine (1.0 liCi/g body weight) or were exposed for five weeks to tritiated

drinking water (10 pCi/ml). At ten weeks of age these animals were sibling

mated. Data from these studies suggest a trend toward reduction in the

subpopulation of offsprings propagated from male parents exposed to either HTO

or tritiated thymidine. Determinations made from fifty couples in the tenth gen-

eration indicated a decreased litter size and increased infant mortality. Evalu-

ation of 15 day pregnant females showed a significant increase in

preimplantation loss (chi-square test, p < 0.01). The radiation dose to the

male sperm over a 35 day period was estimated to be 3.7 rads from HTO and 3.8

rads frcm tritiated thymidine. In another study, Mewissen [23] found a signifi-

cant and dose-dependent induction of adenocarcinomas of the ileum in animals

injected at birth with tritiated thymidine.

In other studies, Fliedner et al. (24), evaluated the effects produced in

pregnant rats and their offspring by continuous infusion of tritiated thymidine

at doses of 1.6, 3.2, 4.8, and 6.4 UCi/g body weight per day. The Iowe3t dose

did not produce any injury to the pregnant rat and did not impair the general

nor hematopoietic development of the offspring. The three highest doses

resulted in bone marrow depression followed by a rapid regeneration after



discontinuing the administration in the pregnant rats. Dose dependent effects

on stillbirths, neonatal growth and development of blood cell forming tissues

was evident on a dose dependent basis. One group of rats given a higher dose

(8.0 liCi/g per day) had malformed fetuses at the time of expected delivery.

Lambert and Phipps (25J have also investigated in great detail the rela-

tive effects of various tritiated compounds on the _in utero development of mice

whose mothers were exposed continuously to tritiated drinking water or infused

continuously with tritiated thymidine. (These important studies are being

reviewed by these investigators in another section of this publication.)

An important aspect of considering the effects of tritium on the

developing fetus and newborn animal is the ability of tritium oxide to pass

through the placenta into the fetus and also the degree to which the newborn is

exposed via the mother's milk. This has been considered in detail by Moskalev

[26] and Ueno (27J and is referenced for further information on dosimetry calcu-

lations pertinent to quantitating the effects of tritium.

Important observations relative to ijn utero tritium effects on the

developing female mouse and monkey germ cells are those of Dobson (28-3l). In

these studies test animals were exposed to various doses of HTO from time of

conception until 14 days after birth for mice and until day of birth for

monkeys, after which the ovaries were removed and the number of oocytes counted.

A marked reduction in number of oocytes was seen in both species. In mice the

LD-50 level for oocytes was determined to be 2.0 yCi/ml body water and for squir-

rel monkeys (Saimiri sciures) 0.5 pCi/ml. This latter, dose was calculated to de-

liver only 0.1 rads per day.

Several investigators have examined the combined effects of tritium and

chemical pollutants. Cahill et al. (l3) measured the effect of continuous _in



utero exposure to tritium and lead in the rat. These studies showed that contin-

uous exposure from conception of the F, through adulthood of the F« generation

to HTO at doses as low as 3 mrad/d delayed development o£ righting reflexes,

whereas 30 rarad/d additionally depressed spontaneous activity of adult male

rats. Continued exposure to 5 parts per million of lead produced a similar ef-

fect. The relative brain weight of F, neonate= was decreased after lifetime pa-

rental exposures of 300 tnrad/d or S and 50 ppm of lead. Chronic lead exposure

was also shown to increase preimplantation deaths and to induce superovulation

in F^ dams. Through analysis of a 12-cell exposure matrix for various doses of

tritium and lead it was found that the dose-effect responses to both HTO and

lead were less than additive in their interactive effects on the parameters

measured.

Muller et al. (32-34] have examined the effects of combined ^n utero expo-

sure to ionizing radiation and several chemical substances. They have shown

that the effects of cadmium and x-rays are additive, phenols and x-rays are at

most additive, x-rays and sodium nitrate are no more than additive.

For further information on the _in utero effects of tritium, see Cronkite

(35) and proceedings of Workshop on Tritium Radiobiology and Health Physics,

1981 Chiba, Japan, National Institute of Radiological Sciences Report I7J.

In spite of the considerable information already available on the effects

of tritium, it was felt that a multi-parameter program examining the genetic,

cytogenetic and somatic effects of chronic HTO ingestion should be undertaken in

one laboratory using one species and strain of animals.' Such a program was

instituted several years ago in the Medical Department, Brookhaven National Labo-

ratory. This program, which spans several years and involves a number of indi-

viduals is summarized in Fig. 2. Some results from this study have already been



published (36-40J. Other aspects are continuing and some additional studies

have just begun. This presentation will summarize results to date and serve as

a progress report on the continuing research.



Materials and Methods

1. Mouse breeding and maintenance

Mice of the Hale-Stoner-Brookhaven strain were used. This is an al-

bino strain, maintained in a single colony for more than 20 years in the Medical

Department at Brookhaven National Laboratory. Animals are maintained on Purina

Laboratory Chow, Ralston Purina Company, St. Louis, Missouri, ad lib. and tap

water acidified to pH 2.4. Breeding partners are established by random selec-

tion from animals born within the same week without attention to litter mate se-

lection. Breeding partners remain together throughout their reproductive life-

time. In these studies only first litter animals from colony breeding pairs

were used. At four weeks of aga the animals were removed from the mouse colony

and divided into two experimental groups. The first of these was maintained on

tritiated water (3.0 tiCi/ml) and the second group on tap water throughout the ex-

.periment. For long term studies, half of the animals on tap water were

maintained in the "tritium" room whereas half were removed to a-similar room

which -.ontained only mice on tap water. When the animals reached 8 weeks of age

bree-iings were done within the two experimental groups resulting in second gener-

ation animals whose parents had either been maintained on HTO or tap water.

Groups of male and female animals from both treatment groups were then

maintained for long term observation. From these larger groups, 20 male and 20

female animals were randomly selected and put aside for monthly weighing.

Weight measurements were made until too few animals remained in each group to

give significant mean values. At the time of weighing, each animal was

evaluated for general appearance and fitness.



2. Breeding efficiency and dominant lethal mutation (DLM) testing

When the second generation animals maintained on HTO reached 8 weeks

of age they were divided into four experimental groups for DLM testing. The for-

mat for DLM testing of these chronically exposed animals has been previously

described (36).

In light of the observations by Dobson (27-30J on tritium effects on

female germ cells, a pilot study was undertaken to examine whether or not a dose

equivalent to 10 times that which we had found to cause DLM's when administered

after two generations would cause a measurable effect on the induction of DLM's

for females exposed either just while In utero or during adolescence. To main-

tain this level of tritium exposure throughout pregnancy without undue prior ex-

posure of the mother, which might lead to another order of effect, the parent fe-

males were injected with tritium 23 UCi/g at the time of breeding. After this

priming dose they were maintained on HTO at a concentration of 30 MCi/ml through-

out their pregnancy. At the time of birth, the mother animals were placed on

tap water. The F. animals were then maintained until 8 weeks of age, at which

time the females were mated with known fertile males and a DLM analysis made at

15 days of pregnancy. To compare the jLn utero effects to those from exposure at

a later time, a second group of female mice was injected with a priming dose of

tritium at 4 weeks of age and subsequently maintained on HTO at a dose equiva-

lent to those in group 1. These females were then bred at 8 weeks of age in a

manner identical to those in group 1 and examined during late pregnancy for the

induction of DLM's.

3. Liver cytogenetics studies

The measurement of chromosomal aberrations in dividing cells is a sen-

sitive measure of radiation damage. Such measurements can only be made in a

10



mitotically active tissue where individual chromsomes can be examined in cells

undergoing division. In the adult mouse the liver is not very mitotically ac-

tive. Therefore, individual liver cells will tend to accumulate injury

resulting from continuous exposure to ionizing radiation. This damage becomes

visible as chromosome aberrations when the cells are stimulated to division by

partial hepatectomy.

In the initial determination experimental animals were maintained on

HTO (3.0 UCi/ml) from weaning until sacrifice while matched controls were

maintained on tap water. After periods ranging from 90 to 700 days animals

underwent partial hepatectomy followed at 54 hours by chromosome analysis, using

previously published methods (41J.

In a second series of determinations now underway HTO animals

maintained on 0.3 pCi/ml HTO are being evaluated.

4. Bone marrow cytogenetic evaluation

It is known that chemicals, and to a lesser extent ionizing radiation,

may induce sister chromatid exchanges (SCEs) in the bone marrow of mice. To sup-

plement the above described liver cytogenetic studies, the bone marrow of mice

maintained on HTO at concentrations of 3.0 and 0.3 PCi/ml was evaluated for the

induction of SCEs after various periods of exposure. Male animals identical to

those used in other aspects of this study were used for these determinations.

At time periods ranging from 72 to 261 days, animals-from treated and control

groups were selected at random for SCE analysis. The animals were placed in

small restraining cages and connected to a continuous (50 mg/kg/hr) bromo-

deoxy-uridine (BrdUrd) infusion apparatus as described by Schneider et al. L42J.

At the end of this infusion period the animals were sacrificed and the femoral

11



bone marrow removed and prepared for SCE evaluation by a variation of the method

of Perry and Wolff (43).

5. Bone marrow cellularity and stem cell conteat evaluation

The leg bone marrow (femur and tibia) of animals on HTO and tap water

were analyzed for total cellularity, relative number of hematopoietic stem cells

(CFU-S) and total number of CFU-S per leg. The spleen colony assay 144J was

used to make this analysis. In this assay bone marrow cells are removed from

the test animals and injected into recipient mice which have received a lethal

dose (750 rads, 250 KVP X-rays, 120 rads/min) whole body radiation. After 7

days the recipient animal is killed, the spleen removed, placed in Bouin's solu-

tion and after 24 h the number of surface colonies on the spleen counted. The

number of colonies bears a direct relationship to the number of viable

pluripotent stem cells injected into the recipient mouse. The marrow from the

donor mice was harvested by a quantitative method l45j, which allows determina-

tion of the total cellular content of the femur and tibia. After dilution,

60,000 nucleated cells ware injected into each irradiated recipient. From the

measured values for total cells per leg and colonies obtained from 60,000 cells

it is possible to calculate the total CFU-S or stem cells per leg. Lifetime

CFU-S measurements were made on animals maintained on 3.0, 1.0 and 0.3 UCi/'ml

HTO.

6. Relative biologically effectiveness (RBE) determination

At the time these studies were begun, there was considerable debate

concerning the assignment of a correct RBE or Quality Factor ("Q") for tritium

as HTO. We therefore chose to compare the effects of continuous (22 hours/day)

137
exposure to Cs gamma rays and the chronic ingestion of HTO. The geometry of

the gamma irradiation facility was arranged such that the -iepth dose within the

12



peritoneal cavity of exposed mice, as measured by implanted thermoluminescence

dosimeters, was equal to the soft tissue dose rate resulting from maintenance on

HTO for extended periods.

Lifetime shortening, induction of DLM's, growth and effects on bone

marrow cellularity and CFU-S content were compared between the two experimental

137

groups. For the initial study, the Cs ganaua source was of sufficient activ-

ity to equal the dose resulting from the continuous ingestion of 3.0 PCi/ml HTO.
137

In the second study, now underway, a Cs source was prepared to give a dose

equivalent to the continuous ingestion of 0.3 MCi/ml of HTO.

7. Tritium incorporation and radiation dosimetry calculations

A number of determinations were made to determine the radiation dose

delivered to several tissues of interest on an activity/gram basis, and also on

the basis of tritium incorporated into specific subcellular fractions. In addi-

tion the tritium turnover has been measured in the cell nuclei, chromatin, DNA

and histone of these tissues.

The pattern of H buildup and equilibrium levels were determined by

measuring the amount of tritium in blood plasma and soft tissues (liver, muss's,

and gonads) at various times after animals began drinking the HTO. The pattern

of tritium incorporation was determined by analysis of fresh tissue using

methods previously described (37]•

These procedures allow the determination of tritium exposure during

continuous ingestion of HTO. The situation after a transient exposure to HTO,

such as might happen accidentally to a human population, is more complex. Hater

turnover is rapid in comparison with the turnover of organic components of the

nucleus, particularly DNA which is metabolically inert in viable non-dividing

cells except for possible repair replication [46]. Even relatively small

13



amounts of tritium in these organic components in the nuclei can contribute

significantly to the radiation dose after transient exposure to HTO if they per-

sist for long periods of time. This is particularly true for cells with a long

lifespan such as primary oocytes. In order to evaluate the significance of radi-

ation from tritium remaining in the organic components of the nucleus after tran-

sient exposure to HTO, the rate of disappearance of tritium from the nuclei of

testes, bone marrow, liver and brains of mice was measured after discontinuing

exposure. In addition, we have measured the distribution of tritium among vari-

ous components of nuclei from the liver and brain, searching in particular for

nuclear components other th . '. DNA and histone which retain comparable! amounts of

tritium and are long lived. Animals used for these determinations were obtained

from litter* born to parents maintained on 3.0 UCi/ml HTO for 4 weeks before

mating and were themselves maintained on this until 8 months old. After this

time they were given only tap water to drink. At various times after

discontinuing exposure to the HTO, tissues were removed and nuclei isolated as

previously described (37J except that nuclei from the brain were pelleted

through one additional layer of 2.3 M sucrose to remove contaminating

cytoplasmic material. Chromatin was isolated and fractionated as before.

Tritium activity in DNA concentrations were also measured as before.

14



Results

1. Growth and appearance

Physically the animals on all concentrations of HTO and tap water

appeared the same. By visual examination no difference was apparent throughout

the observation period of 560 days. The weight curves were also identical, and

there was no evidence of lifetime shortening.

2. Breeding efficiency and DLM findings

Measurements have been completed on animals maintained on 3.0 and 1.0

yCi/ml HTO. Determinations are still in progress on animals maintained on the

lowest concentration (0.3 pCi/ml). Similarly, results are now complete on ani-

mals exposed to Cs at a dose rate equivalent to 3.0 yCi/ml of tritium. No

gamma exposures comparable to the 1.0 yCi/ml group were made, however, determina-

tions are being made on gamma exposed mice equivalent to the 0.3 pCi/ml HTO

animals. A summary of typical data for 3.0 UCi/ml group has been previously

published I 36.1. A summary of the computer analysis of parameters measured in

DLM testing appears in Table 2. Note that this includes the preliminary find-

ings on animals e::posed to 0.3 pCi/ml. Lack of evidence for an effect at this

time in the 0.3 yC.t/ml animals should not be considered as a final result since

to date only a limited number of animals have been examined.

Very preliminary results from studies comparing the induction of DLM's

from jln utero or adolescent exposure to HTO at a body water concentration of 23

yCi/ml indicate that the i_n utero exposure of the female leads to a higher num-

ber of DLK's than if she were exposed to an equivalent"concentration for an

equivalent time at 4 weeks of age.

15



3. Liver cytogenetie studies

Evaluation of animals maintained on 3.0 uCi/ml HTO for 100, 330, and

500-560 days exhibited a significant increase in the number of abnormal cells as

compared to animals maintained on tap water (Figure 3). Details of this study

have been previously published 147). Preliminary results on animals maintained

on 0.3 UCi/ml HTO indicate that there is no evidence for a detectable effect in

these animals using the system described. However it should be noted that anal-

ysis of all animals in this study is not complete and the lack of a detectable

affect should be noted as preliminary.

4. Bone marrow cytogenetic evaluation

Sister chromatid exchange (SCE) evaluations were made on bone marrow

cells from animals maintained on 3.0 UCi/ml and age-matched controls maintained

on tap water for periods ranging from 72 to 261 days. At 4 of the 6 periods

examined (81, 163, 227 and 254 days) there were significantly more SCE's in the

treated animals than their age-matched controls. This is of particular interest

since ionizing radiation is not considered to be an efficient inducer of SCE's.

Similar determinations on animals receiving a comparable radiation

dose from external Cs gamma rays and animals maintained on 0.3 pCi/ml of HTO

are in progress.

5. Bone marrow toxicity evaluation

There was no effect on total marrow cellularity in any of the animals

maintained on HTO. However, reductions in number of bone marrow CFU-S were

noted as early as 8 to 12. weeks in the 3.0 UCi/ml mice, and by 24 weeks in the

1.0 UCi/ml animals. In both of these groups the depression continued with some

variability throughout the observation period. There was no obvious pattern of

response in the 0.3 UCi/ml animals other than a somewhat greater than normal

16



variability in number of CFU-S per leg (Figurs 4). Tritiated thymidine cytocide

measurements on the CFU-S indicated fever of them in the G resting state in ani-

mals receiving the 3.0 MCi/ml HXO.

6. RBE determinations

In no instance was there a significant difference in any SOi parame-

ters between animals maintained on 3.0 JJCi/ml of HTO and animals

receiving an equivalent Cs gamma dose (Table 2). As shown in Figure 5 the

hematopoietic stem cell response was also equivalent for the two types of expo-

sure. Similar comparisons between animals maintained on 0.3 HCi/ml HTO and

receiving an equivalent Cs gamma exposure are now underway to determine If at

Che lower dose rate a difference in response is evident.

7. Tritium incorporation and turnover studies

When animals were placed on the 3.0 pCi/ml HTO regimen H concentra-

tions in body water and soft tissues rapidly approached equilibrium levels (37J.

When removed from the HTO regiaen, the H level in tissue water dropped rapidly

from 2.02 pCi/ml before withdrawal to 0.07, 0.01 and 0.001 PCi/ml at 7, 14 and

28 days later. The rate at which nonexchangeable tritium disappears from brain

and liver histones indicates a half-life of 117 days for liver histone and 159

days for brain histone with 95Z confidence interval" of 85 to 1S8 days for liver

and 129 to 208 days for brain.

Tritium activity in brain DNA fits a straight line with a slope

indicating a half-life of 593 days with 952 confidence limits of 376 to 1406

days. The curve for the liver shows a pronounced curvature indicating the pres-

ence in the liver of two cell populations with distinctly different turnover

times. A least squares fit indicates the two liver cell populations have half-

lives of 12 and 318 days, representing 23 and 772 of the total DNA respectively.

17



The 95% confidence interval for the half-life of the cells with the longer life

span is 241 to 466 days. The initial specific activity in liver DNA was 0.90

dpm per microgram, which is in excellent agreement with the value of 0.89

expected on the basis of previous studies [48J. The initial specific activity

in brain DNA was 0.99 dpm/microgram, somewhat higher than expected. (Details of

this study are in press.)

Summary

In the TRITOX program at Brookhaven some somatic and genetic effects of

the continuous ingestion of HTO at concentrations of 0.3, 1.0 and 3.0 PCi/ml

have been investigated in mice. At these levels thers is no measurable effect

on growth, general appearance or nonspecific lifetime shortening. Genetic ef-

fects as measured by the DLM assay indicate a significant effect (P > 0.01) on

the number of viable embryos and early deaths depending upon the treatment of

either or both of the mating partners in the 3.0 VCi/ml HTO group. Similarly,

a significant effect on the number of viable embryos was noted when both

breeding partners were maintained on 1.0 UCi/ml of HTO. Preliminary results on

animals maintained on 0.3 yCi/ml HTO indicate no significant effects on any of

the parameters measured.

Cytogenetic evaluation of the regenerating liver in animals maintained on

3.0 UCi/ml of HTO for extended periods of time indicated a significant increase

in the number of abnormal cells. Preliminary results indicate no similar ef-

fects in animals maintained on 0.3 UCi/ml HTO.

Mice maintained on both 3.0 and 1.0 PCi/ml HTO exhibited a reduction in

bone marrow stem cells without an attendant reduction in total marrow

cellularity. These results are of interest since they demonstrate both the pres-

ence of an effect as well as the animals' ability to compensate for this effect
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by recruiting stem cells from the GQ resting state. The evidence for damage

leads one to contemplate the possible importance of radiation exposures at these

levels for the induction of leukemia or other blood dyscrasias. At present

there is no evidence for such effects, however studies aimed at such determina-

tions are in progress.

Results of determinations made at 0.3 UCi/ml HTO indicate that the spleen

colony forming assay is insufficiently sensitive to measure an effect, if one

does exist.

Using the DLM assay and the CFU-S assay, it is impossible to detect a sig-

nificant difference in effectiveness when comparing animals maintained on HTO

137
and those receiving a chronic Cs gamma exposure at an equivalent dose and

dose rate.

Comparison of the tritium content of nuclei with the tritium content of

UNA and histone at various times after discontinuing exposure to HTO indicates

that after two months essentially all remaining tritium is in these two

components. Because o£ the short range of tritium radiation, nearly all of the

significant biological damage is produced by tritium atoms located within the nu-

cleus. Consideration of the relative amounts and biological half lives of

tritium present in the nucleus as water, DNA and histone suggests that after

transient exposure to HTO, nearly all significant radiation damage can be

attributed to tritium present in the nucleus as water. The exceptions are cells

with a life span of the order of years which happen to be proliferating at the

time of exposure. Such cells are rare in adults but much more common in juve-

niles and embryos. In these cells tritium in DNA, and, to a lesser extent,

tritium in histone will also contribute to radiation damage.
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The detection of measurable effects at the levels tested in these studies

should not be interpreted as being representative or indicative of hazards to

which the population might normally be exposed in a nuclear energy based econ-

omy. The tritium levels investigated are many times greater than the highest es-

timates predicted for tritium release from either fission or fusion reactors or

nuclear fuel reprocessing plants. It appears that the effects noted could be

predicted on the basis of standard beta radiation-dose effect curves, with RBE

values assigned dependent upon the reference radiation used. (This may range

from values of 1 for low energy x-rays to as high as 3 when Co gamma rays are

used as the reference source.) A source of confusion in the assignment of a cor-

rect RBE has been in the use of iuproper reference radiations. On the basis of

presently available information the ICRP "Q" value of 1.0 is appropriate when

the proper reference radiation is used. Special attention should still be fo-

cused on problems relating to the passage of tritium through the biosphere and

its differential degree of incorporation into subcellular components with

varying half-lives. The importance of radiation exposure to cells and/or

subcellular components of interest, most specifically DNA, should be noted on

the basis of a single, short-term or chronic tritium exposure. The hazards from

tritium attendant with normal reactor operation should not at this time be

considered as a deterrent to the further development of fission and/or fusion re-

actor technology.

The scope and limit of this presentation do not allow for a full considera-

tion of tritium and other radiation problems associated with fusion energy pro-

duction. For a further discussion see references [3) and (9).
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FIGURES

1. World tritium inventory (Ref. 2).

2. Brookhaven program in tritium toxicity.

3. Results of regenerating liver chromosome studies.

4. Effects of tritiated water ingestion on bone marrow stem cell content.

Comparison of trit:
stem cell content.
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TABLES

1. World list of nuclear power plants (Ref. 1).

2. Summary of dominant lethal mutation data.
( CPl Student's "t" test: ref. J49] ).
( fpCHl] Kruskal - Wallis rank test: ref [50] ).
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FIGURE 2

BROOKHAVEN TRITIUM TOXICITY PROGRAM
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A. COMPARISON OF HTO AND 137Cs EFFECTS
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FIGURE 4
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FIGURE 5
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TABLE 1

NUCLEAR POWER REACTORS
IN OPERATION OR UNDER CONSTRUCTION

AT THE END OF 1980
Number of Units

Country

Argentina
Belgium
Brazil
Bulgaria
Canada
Cuba
Czechoslovakia
Finland
France
German Democratic Republic
Germany. Federal Republic of
Hungary
India
WOld

.Italy
Japan
Korea. Republic of
Mexico
Netherlands
Pakistan
Philllppines
Romania
Taiwan
South Africa
Spain
Sweden
Switzerland
Union of Soviet Socialist
Dtffiiihll«a»
HepUDIlcS
United Kingdom
United States of America
Yugoslavia

In
Operation

1
3

2
11
_
2
3

23
5

14

A
*t

4
24
1

—
2
1

—

2
_
3
8
4

33

33
70
—

Under
Construction *

1
4
3
2

14
1
6
i

29
4

10
2
*
3
8
6
2

_
_

. 1
1
4
2
7
4
1

15

10
85
1

World Total 253 230_
'Construction in Austria and Iran has been interrupted
Source: IAEA - Nuclear Engineering International. Oct. 1981



TABLE 2

COMPARISON OF DOMINANT LETHAL PARAMETERS
(STATISTICAL EVALUATION OF GENETIC RESULTS)

PARAMETER

1/C
2/C
3/C

1/C
2/C
3/C

1/C
2/C
3/C

1/C
2/C
3/C

vt CONTROLS

IP)

.0000"

.0019**

.0013"

.E0B2"

.2439

.1579

.41649

.9834

.3251

.0563

.0435

.1987

pCHI

.0000"

.0030"

.0129

.0059"

.1117

.0798

.5000

.5000

.5000

.0170

.0200

.0503

UVCI /ml
VI CONTROLS

(Pi

.0014"

.0894

.3810

.4340

.2795

.6621

.2107

.2698

.1490

.2281

.2528

.9408

pCHI

.0040"

.0491

.5000

.5000

.5000

.5008

.5000

.5000

.6000

.SOOO

.5003

.5000

0.3/iCI/ml
vs CONTROLS

IP)

.4932

.4143

.2260

.9132

.82«

.7644

.9370

.8587

.1310

.5605

.5718

.5841

pCHI

.5000

.5000

.5000

.5000

.5000

.5000

.5000

.5000

.2029

.5000

.5000

.5000

3.0MCI/ml HTO
vs '"CESIUM

(Pi

.0596

.7641

.6536

.3635

.2703

.5156

.9484

.3349

.4858

.0107

.9762

.3381

pCHI

.1773

.5000

.5000

.5000

.5000

.5000

.5000

.5000

.5000

.1245

.5000

.1529

VIA

ED

LO

PRE

#BRED 3454 3232 2647 3690

"p<01

TREATMENT: GDOUP 1 MALE + FEMALE HTO
GROUP 2 FEMALE HTO
GROUP 3 MALE HTO
GROUP C CONTROL
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