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1» Présent, research programme (long-term)
1.1. Interrelationship of environmental salt concentration and

concentration of dissolved radionuclides to the rate of accumulation
of these nuclides by euryhaline teleosts.

1.2. Objectives of this research are designed toward the definition of a
function that will adequately described the rate of accumulation of
selected radionuclides by euryhaline teleosts from littoral or
estuarine environment's« Concurrent studies are being made to
determine the maximum concentration accumulated by these fish under
conditions of chronic exposure to selected concentrations, in the
medium.

1.3« Three nuclides of strontium ( ̂ Sr, °9sr, and " Sr) have been
employed in these Studies« Varying concentrations are added to sea
water and fresh water and then populations of the cichlidt teleost,

of selected age levels are added to the media.
The fish are serially removed to study the rate of accumulât ion of
'each nuclide at each concentration, and the distribution and
concentration in various organs« Control aquaria are maintained
with fish- exposed to sea water and fresh water to determine the
mortality rate due to chronic exposure at each concentration.

1.4. At the present tame two important points have come from this work:
(l) Fish exposed to these nuclides in fresh water show a markedly
higher rate of accumulation than that observed in s..ea water at the
same concentration(s) - Addition of either sea water or calcium to
fresh water effectively reduces the rate of accumulation by a .fector
of about one— half» (2) Present indications are that mortality occurs
when the concentration in the fish reaches 0» 75-1 »2 p.Ci/g- wet weight.
At concentration in the medium' ranging from 88 to .220 j^Ci/litre the
maximum concentration' accumulated by the fish is reached within 4—6
weeks at chronic exposures« In sea water with equivalent concen-
trations in the medium the- concentration in the fish is approximately
one— half that found in fresh-water fish at an equal time, interval. It
is e'stimated that mortality in sea water will consequently require
frorn two to three times longer than exposure in fresh water at any

' ; concentration r



1.5. I-lany additional questions have arisen from the observations in these
experiments, (l) Age and sex of the fish are apparently somewhat
effective in modifying the rates of accumulation. Small, rapidly
growing fish appear to have higher rates of accumulation (this is
not altogether unexpected) than older fish. However, sex of the
fish seems to be important at the younger ages, for females are - -
found, to reach sexual maturity at an earlier age than males. This
may explain some discrepancies which occur in the data and
currently is receiving more attention. (2) As yet we have no
studies which allow us to establish the turnover rates or biological
half—life of absorbed radiostrontium in any medium, (3) Indications
are that the rates for all three, nuclides are equivalent. -Recogniz-
able differences are apparent, and present work is highly indicative
that accumulation of daughter products from radioactive decay in the
tissues may have a synergist.ic effect with that due to radiation
sensitivity. Fresh water fish in °Sr and ' Sr appear to have a
higher rate of mortality than equivalent doses of ^Sr (fj.Ci).
More, data are needed to establish the statistical significance of
these findings. (4) More studies employing intermediate dilutions
of sea water are needed to establish the relationship of the rate
of accumulation to total salt concentration and/or individual anions
and cations.

2. Future research programme
2.1. Effects of chronic radionuclide exposure on organ systems and

offspring of Tilap_ia mossambica.

2.2. The above findings have established the feasibility of studying
which organ system is most sensitive to chronic irradiation
exposure. Symptoms indicating effects on the hematopoietic organs,
the intestinal epithelium, the liver, and the gills are now recog-
nizable. Furthermore, it has been found that gravid females
occurred frequently in the previous experiments. Offspring from
such females should be tested for abnormalities in morphology,
length of lifespan, and physiological adaptations with respect to
the parental stock,

2.3* Large numbers of fish exposed to concentrations that can be predicted
to give rapid accumulation rates will be employed. Blood samples
will be studied for changes in differential blood counts and
hematocrit, as well as histological examination of tissues to
determine damage to specific organ systems with time. Females will
be exposed to sublethal doses and lethal doses for production of
offspring that will then be studied for effects to the tissues and
changes in length of lifespan from controls. Experiments studying
chronic exposure accumulation rates will also be performed with
these offspring and suitable controls to detect any measurable
protection or sensitivity afforded with respect to those observed in
the parental stock. There is excellent opportunity to investigate
whether regulatory systems of salt and water are associated with



any of the above phenomena*- - ETorma-1 -salt- and -water balance has been.
studied intensively in this fish, and the ability to change directly
from fresh to sea water (vice versa) makes it possible to
quantitatively measure changes in the regulatory mechanism after
any treatment.

2.4. It has been my assumption that teleosts in littoral or estuarine
environments are most likely to be subjected to chronic exposure of
radionuclides from reactor effluents. Knowing which systems are
most sensitive to internal irradiation, one can establish suitable
controls as to disposal and permissible concentrations for this
important group of organisms., As yet no data are available which
make it possible to assess the effects of prolonged exposure to
length of life in the marine environment; and what factors may
operate to modify these effects, if any.

.Research desired ̂to_Jb_e_jjjidj_rjtj3Jĉ  .
3.1» Biophysical investigations of effects of chronic irradiation from

dissolved radionuclides in marine and/or fresh-water fish.
3»2. It seems that much basic work at the biophysical level1 needs to

be done to establish whe'ther there is a general mechanism operating
in all fish to control the accumulation of radionuclides. It is
also deemed necessary to establish whether the direct absorption,. ,
and retention of dissolved radionuclides is of any greater or
lesser importance to the deposition and effects produced than those
obtaining from acute or chronic ingestion of radiocontaminants via
the food chains. This would provide a more realistic method for
evaluation of these two processes with respect to the sensitivity
of the -aquatic biota. Furthermore it would also provide the
necessary data for evaluation of the importance of either process
of deposition to those obtained for the terrestrial biota. The fact
.is that exposure under the conditions of the experiments so far
performed makes ifc difficult to state whether tissue deposition is
solely responsible for the observed effects or whether it is
derived from the combined effects ^rom irradiation in the mediim arid

1 the internal deposition,
3»3» Responses to single acute dosage of radiation through ingestion

of X- or gamma-ray irradiation can be employed to establish the
general effectiveness of the two systems in detecting radio-
sensitivity*

3.4« Such information can be useful to the estimation of the equivalent
absorbed radiation dose per organ or individual as revealed by
studies of dissolved radionuclides in the environment. It seems of
little consequence to establish food chain relationships, continuous
exposure, etc. if these studies fail to provide this information and
make it possible to compare from species to species and environment
to environment.



4. Possibility pf̂ cô opjsration .with other laboratory(ies)
4.1-c It is highly desirable -to have co-operation from other individuals

working with other species and perhaps other nudities to' determine
- the general applicability of the findings observed With T. mossambica,
It is also of importance to establish whether the factors operating
with euryhaline fish are also applicable to stenohaline species.

4.2. Our laboratory vrould.be interested in co-operative research where
feasible. Our limitations are chiefly budgetary,' but many useful
facilities for marine radioecological investigations are available

! and will be more so in the future. There are no limitations of
Varieties of organisms for study, and these are available throughout
the year.

4.3» Technical co-operation is needed insofar as the use of" standard
concentrations of nuclides employed and standard media for exposure,
I-iany inconsistencies in published data probably could be ascribed to
lack of standard procedures — age, size, sex, diet, medium, etc.
It is reasonable to assume that interlaboratory comparison of
results would be most rewarding, and perhaps prevent much wasted
effort in the pursuit or control of problems of little consequence
that other investigators have confirmed. •.
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