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that for spermatogonia is slightly above 2, with
confidence intervals that include 1. Thers are some
indications that the distribution of mutants among the
seven loci may differ from that produced by
gamma rays: noteworthy is the observation that only
one of the mutations was at the s Jocus (the expectation
would be about 5 or 6). In more recent studies,
currently in progress at Oak Ridge. Cumming and
W. L. Russell (129) are engaged in collecting more
extensive data on tritium irradiation, focusing attention
on the induction of mutations in spermatogonia.

(c) Induction of chromosome aberrations in human
lymphocytes by tritiated water { HTO)

375. Hori and Nakai (233} and Bocian et al. (39) have
reported on the induction of chromosome aberrations in
human lymphocytes exposed to tritiated water in vitro.
Exposures were carried out by the addition of whole
blood to the culture medium containing tritiated water.
In the work of Hori and Nakai, the concentration of
tritium ranged from 1107% uCi/ml to 1 1072 pCi/ml.
and the cells were exposed during their entire period in
culture (48 h). Bocian et al., used two regimens: in one
(“acute exposures” in the authors’ terminology). the
lymphocytes were exposed for a 2-h period prior to PHA
stimulation (range of concentrations, 1.71-14.36 mCif
ml). after which they were washed and cultured (53-h
cultures); in the other (“protracted series™) the cells
were exposed during 53h (concentration range,
0.063-0.51 mCi/ml).

376. The results indicate that with protracted exposutes
(48 or 53 h) the aberrations produced were mostly of
the chromatid type. such as gaps, deletions and
fragments, and there were relatively few chromatid
exchanges. In the concentration range used by Hori and
Nakai, the dose-effect curve for the number of breaks
induced was quite complex at low concentrations. In the
work of Bocian et ol and with the range of
concentrations they used, the frequency of chromatid
aberrations increased linearly with dose. A quantitative
comparison of the frequencies between the two groups
of authors is. however. not possible because each group
used only one (but different) fixation time, and in
addition. the ranges of concentration were different.

377. In the 2-hour exposure experiments of Bocian et
al,, chromoesome-type aberrations were found to be
induced (dicentrics, centric rings. terminal and
interstitial deletions). The data for dicentrics plus rings.
as well as those on deletions, gave a good fit to a linear
plus quadratic model. Using the data obtained in
x irradiation experiments (acute doses of 50-300 rad),
Bocian et af. have estimated that the RBE for the
induction of dicentrics plus centric rings is about 1.2,

3. Summary and conclusions

378. During the past few years. there has been =z
growing interest in the study of the biological effects of
radioisotopes. particularly of 22°Pu and *H. A number
of genetic and cytogenetic studies that have so far been

(] EERFEER (RTHRHROR

420

=

carried out in mice demonstrate that these isotopes are
capable of inducing dominant lethals, chromosome
aberrations and point mutations (for the last category.
only the effects of *H have been studied).

379. Autoradiographic studies have shown that in mice.
intravenously injected 2?°Pu (as citrate solution) is
inhomogeneously distributed in the testis and is largely
localized in the interstitial tissue outside and between
the seminiferous tubules. A consequence of this is that
the alpha-irradiation dose rate to the spermatogonial
stem cells is 2-2.5 times greater than the average for the
testis as a whole.

380. When 2*®Pu-injected males are mated to females.
there is a significant excess of intra-uterine mortality
relative to controls and the effect persists in matings up
to five weeks after injection (post- and peri-meiotic
stages sampled). In addition, the effect appears to be
unrelated to the amount of *3°Pu injected (in the range
0.05-0.5 uCi per mouse).

381. Dominant lethal tests performed on F; males sired
by fathers which received plutonium injection (and
derived from matings during the ninth, fourteenth and
sixteenth weeks) showed that here again there was an
increase in intra-uterine mortality relative to controls.

382. Relative to chronic gamma irradiation, alpha
particles from 22%Pu seem to be more than 20 times as
effective in inducing dominant lethality (post-
implantation) in meiotic and post-meiotic stages.

383. In male mice exposed to alpha particles from
439Py (intravenously injected citrate solution) for a
duration of 6-34 weeks, reciprocal translocations (in
spermatogonia) and chromosome fragments (in sperma-
tocytes) are induced. Relative to chronic gamma
irradiation, alpha-particle irradiation from *?*Pu is more
than 20 times as efficient for the induction of these
effects. This finding is similar to that recorded for the
induction of dominant lethals in meiotic stages. These
calculations do not take into account the inhomo-
- geneous distribution of 2*°Pu in the testis.

384, Male and female mice fed on tritiated water. show,
in dominant lethal tests, an increased amount of
intra-uterine death.

385. In specific-locus tests, mutations have been found
to be induced in male mice fed with tritiated water. The
data currently available suggest that the rate of
induction per unit dose of irradiation with beta particles
from >H is about the same as that of x irradiation. The
estimates are 1.58 1077 rad™ per locus for sperma-
togonial mutations and 4.60 10~ rad™" per locus for
post-spermatogonial stages. These estimates have wide
confidence limits. There is some evidence that the
distribution of mutants among the seven loci may be
different from that after x irradiation.

386, In human lymphocytes exposed to tritiated water
in vitro, both chromosome- and chromatid-type
aberrations are induced, depending on the concentration
of H and the duration of exposure.
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£1F +YFyak (HTO) & H-# <oy (CHTAR) © & THERS i REAREOME L £ 0B

Treatment Concent- Number Cells with Types of aberration Number  Number of
Sation of of cells chromoscome Chromatid Chromoscme of breaks per:
H(uCl/ml) examined aberration (%) Gc Bc Gi Ei qQ,T D,R breaks cell
i =ik [ 1 '
= EERUIT Daaiko - FEH OISR 9l uijes ‘?E?_ﬂ_.y@
W 2y SRDEIS (%) e N TR
Gec Bc G Bi QT D,R z
le\ﬂgjrol 0 2990 116 3.88 80 31 3 1 1 1 117 0.039 )
AREE I 1 x 10‘3g 392 17 ([ 4.30) 8 7 0 1 1 0 18 0.046 I lxlO': pCi/mL =37 Bq/L
%102 e 1845 s 2 3 o0 o0 o0 % G oo welmE 370000l
X . .
- 5% 10 163 9 (| _5.52) 7 2 0 o0 0 0 9 0.055
1x 107 325 21 ( 6.46) 13 1 7 2 0 1 25 0.077
BUFTILK 5 x 10 186 11 ( 5.95) 9 1 2 0 0 1 14 0.071 1978 mMutation
HTO 1 1141 89 ( 7.80) 45 28 8 6 1 0 90 0.079
5 378 42 ( 11.11) 29 4 8 3 0 0 44 0.116 Research,50
20 09 83 (2686 46 12 22 8 o 7 102 o0 CeEEETIL
50 90 50 ( 55.56) 23 15 1z 11 0 3 67 0.744
100 55 51 ( 92.73) 40 21 1 9 0 1 73 1.327
1 x 10:2 252 11 ( 4.37) 11 0o o o0 o0 0 11 0.046 | 1x107*pCi/mL —3700 Bq/L
O G TS I B——oos  5x107 uCi/mL —18500 Ba/L
5% 1005 242 18 ( 7.44) 15 3 0 0 0 0 18 0.074
1 x 10, 410 29 ( 7.07) 19 8 2 0 0 0 29 0.071
3 2 % 10__2 229 18 ( 7.86) 13 6 0 0 0 0 19 0,083
H-TdR 5x 10_1 330 40 ( 12.12) 22 17 0 2 0 0 40 0.121
1x 10_l 729 192 ( 26.34) 115 81 2 3 0 0 214 0.242
SH-F==> 5 x 10 110 47 ( 42.70) 23 29 0 1 1 0 55 0.500
1 540 337 ( 62.41) 199 254 15 41 1 1 513 0.950
2 31 25 ( 80.65) 35 37 0 0 1 0 72 2.322
5 4 4 (100.00) 2 5 2 0 0 0 9 2.250
10 22 22 (100.00) 39 15 0 1 0 0 55 2,500
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