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_Mame •._ of contributor: .R.F. -Ropiter

Laboratory _g_g_Pjgĝ j: gat ion; Battell.e Memorial Institute, Pacific Northwest
~ Laboratories Environmental Health & Engineering

Department
Type of laboratory^r__organization; (Occurrence of radioactive materials in the

__. _. environment with emphasis on potential
exposure to people)

Address;, .Rich! and, ,
Washington,
USA

1. P r e s e n.t_ re s e arch_
(Response to this and spme other portions of the questionnaire is
ppnfined to the organization component managed by the author. Uithin the
Pacific Northwest Laboratories there are other .components that are
engaged in aquatic biology, radio chemistry, and other research areas that
have relevance to ilarine Radio ecology.)
1.1A.P Radiological status of the environs of the Hanford Atomic Ener,2jy Si be
1.2Ao Determination of the kinds and quantities of radionuclides that occur

in the vicinity of the Hanford Plants, the sources of these materials,
and their significance to human exposure.

1.3A._ A wide variety of substances that are most apt to transmit: radio-
ed ides to man are (or have been) sampled and analysed. On the

-. basis of these data, human intake of individual .nuclides is
estimated and the result transformed into estimates of dose,

1«4A« . Ecological processes that result in the accumulation of radionuclides
in. foodstuffs (suqh as fish and milk) provide the most important
jpathjWays; that make environmental contaminants available to man and

i .other higher forms of life. A large number of combinations of
different nu.clide.s and exposure pathways are conceivably :for the
environs of a large atomic energy site such .as Hanford, but only a
few such combinations have been found to have enough potential for
human exposure to warrant continued surveillance. These combinations
include the accumulation of radioisotopes of the, biologically
important .elements phosphorus, and ainc. in local fresh-water fish of
the Columbia River, These same radioisotopes (^ P and . ̂Zn) are
measurable in shellfish in marine environments near the mouth of
the Columbia River. Several other radionucLides that are present
in the environment in similar or greater abundance are" not
laccumula.ted significantly by fish or^ shellfish.
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1.5A, These studies are a part of the environmental surveillance programme
associated with the Hanford Plants,, Those pathways that have been
identified as having some potential for human exposure receive
continued study in order to "better define the mechanisms (see l.B '
below) and seasonal trends. Some effort is also devoted to the
exploration of the potential significance of unusual pathways of
comparatively minor importance.

1.1B. Mechanisms of environmental exposure
1.2B. Determination of the relationships between the concentrations of

radionuclides in different parts of food chains, especially "between
foods and people.

1.3B. Advantage is taken of radionuclides already present in the
environment. Schedules of sampling and radiochemical analyses are-
established that itfill provide valid relationships between such media
as water, fish and humans. In the case of humans, whole—body
counting is used extensively in two types of studies. One approach
involves the controlled intake of foods known to have unusually high
concentrations of certain radionuclides so that the build-up and
subsequent depletion of body burdens can be followed. The other
approach involves correlations between the observed body burdens of

• gamma emitters in members of the general public and the kinds and
quantities of foods they eat.

1.4B. Laboratory studies can provide approximations of the relationships
between the concentrations of radionuclides in different parts of
the food chain but, because of the artificial laboratory environment,
the true relationships that exist in nature may be substantially
different. Further, the standard parameters used for the intake and
retention in man are not universally applicable. This programme is
based on natural ecological systems (including man) and yields data
applicable to the Hanford region that is unbiased by atypical
experimental conditions or broad generalities. For example,
shellfish lii the Pacific Ocean near the mouth of the Columbia
River accumulate relatively more °-->Zn from their environment than
do fresh-water fish, but apparently a smaller proportion of the
°5zn̂ in shellfish is retained by man. (The specific activity of
the °5zn may be involved.) ';

1.5B-. This work will continue to emphasize the local (fresh-water) aspects
rather than marine radioecology, but the basic principles are
essentially the same, and experience gained in methodology can be
applied elsewhere.

2. Future re search jprogramme
The Battelle—Northwest Laboratories are situated some 200 miles inland from
the Pacific Ocean and current plans for research in the near future do not
include marine radioecology studies per se. The trork in the fresh-water
and terrestrial environments will be continued, however, in order to refine
our available knowledge of the movement of selected neutron activation and
fission product radionuclides through food chains and their ultimate fate.



103

to._bg. _̂ ld.§r ;tal>en_̂ y other organizations )
Laboratories that are located on or near marine environments have unique
"opportunities to make valuable contributions to the sloxirly increasing fund
of knowledge on the behaviour of radionuclides in the marine environment.
Many of these opportunities lie in the general areas of improving our
understanding of the functioning of marine ecosystems and the cycling of
nutrients through the use of radioisotopes as tracers. However, 'the
following remarks will be confined to the areas that treat radionuclides as
possible contaminants and thus the considerations that are neces&ary to
establish rational limits on the amounts that can safely be tolerated in
particular environments., Two of the broad areas of research identified
by the IAEA are discussed,
3«1A. Behaviour of radionuclides in the marine food chain
3.2A. To determine which radionuclides are most apt to be concentrated by

marine organisms of significance to man, -die relationships between
initial concentrations in sea water and the ultimate levels reached
in organisms used for human food, the relative importance of the
several trophic levels of the food chain in increasing or decreasing
the level of concentration of specific nuclides, and the time
constants involved*

The use of fissionable materials for the generation of power
results in the formation of both fission products and neutron
activation products,, Thus far considerably more study has been
devoted to the former than to the latter - perhaps because of their
relatively great abundance, the huge inventories that ..are predicted
to accumulate as nuclear power be'comes a more significant part of
the world's supply of e'nefgy, and because of the very long half-
lives of 9Psr and ^-^Qs, On the other hand, the more abundant
fission products do not appear to concentrate in marine organisms
as highly as sohi'e of the neutror activation products, notably
radioisotopes of the transition elements such as zinc, manganese, iron
and cobalt „ In my opinion, the transition elements should be given
a higher priority for study at this time*

Tritium is a special case. It results both from neutron
activation and from fission and its abundance in the environment is
almost, certain to increase with the increased use of nuclear power.
As a part of the water molecules, it cannot be removed from aqueous
waste streams in the same' manner as dissolved salts and -will
eventually enter the environment in amounts diminished only by
radioactive decay. It is generally believed that tritium, as a
part of the water molecule, will not be concentrated by aquatic
(or marine) organisms. This contention needs to be demonstrated,
however, especially since this isotope is three times heavier than
stable hydrogen and, thereforev, may not behave physiologically in
exactly the same way.
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3.3A. Marine ecological systems are so complex that all of the elements
cannot be replicated simultaneously in laboratory tanks. On the
other hand, it will seldom be feasible to carry out deliberate
experiments in an unconfined marine environment. A practical com-
promise is the use of a physical barrier to isolate a portion of a
small bay or inlet and then to introduce selected radionuclides (or
'mixtures of radionuclides) in quantities that can be readily measured
throughout the system but still in concentrations low enough so that
no health hazard results. Sequential sampling of all significant
compartments and trophic levels of the system will then provide
evidence of the flux of the nuclide throughout the system. Single
additions (with respect to time) of the nuclide.s will ordinarily
provide sufficient data for extrapolation if the amount Used, is
large enough so that accurate measurements are still possible after
near complete distribution (equilibrium) is reached for the entire
ecosystem - this may require several weeks or even months. It must
be borne in mind that, in most regions, the composition and dynamics
of ecosystems varies greatly with the seasons. Thus, data developed
at one time of the year may not be valid at other times.

The potential advantage of small, natural bays as test areas
is great because their ecosystems are natural, and well established.
Unfortunately, not many such test areas are apt to become
established because of the high cost and limited availability.
Worthwhile studies of marine food chains can still be carried out
in artificial ponds or tanks? however. Their usefulness for
extrapolation to natural environments will be proportional to the
extent to which they resemble a natural environment in physical,
chemical and biological characteristics. Laboratory experiments
that involve the addition of nuclides to the water of tanks that
contain only one or a few kinds of organisms maintained on
artificial food contribute little to the refinement of our knowledge
of the true behaviour of radionuclides in nature.

Because of the major difficulties associated with the isolation
or establishment of complete marine ecosystems to which controlled
amounts of radionuclides can be 3<dded, investigators should be
alert to the opportunities that occasionally exist fdr studying
the flux of environmental contaminants through natural communities.
Such opportunities may arise from atmospheric fall-out, from the
releases of low—level waste from atomic energy installations, or
from unplanned releases of various kinds. Unusual events that
perturb established steady-state conditions may provide data that
approach the usefulness of observations made following the controlled
addition of a radioactive tracer.

For several years the writer has noted that °^Zn seems
invariably to be transmitted through food chains in unusually great
amounts. If this is indeed the case, then this nuclide may prove to
be a most useful "universal" indicator of the significance of the
addition of radioactive wastes to environments where food chains may
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1 be a limiting factor. In' addition to the marked uptake and
retention' o'f' 5̂zn by organisms, its convenient half-life (245
its; ease of measurement (Toy gamma spectrometry), and its relatively
high permissible rate of intake, are all favourable characteristics
of food chain tracers. Many.more observations are needed before it
will be known just how well ^Zn follows all of the food chains of
Significance that other radionuclides follow, and whether or not
the concentration factors for ̂ Zn are as great as those for other
nuclides. Marine ecolcgists 9an contribute to the resolution of
these questions by including °5zn among the radioactive materials
used in the study of food chains. If such comparative studies show
°5zn to be unsuitable as a "universal" tracer, perhaps the studies
will identify some other nuclide, or combination of nuclides, that
will serve this purpose.

Another segment in the general area of behaviour of radionuclides
in the marine food, chain that warrants additional attention, is the
relative availability of specific nuclides to the biota when intro-
duced into the sea water in different physical and chemical states.
Kore definitive answers are needed to such questions as:

- Are organically-bound radionuclides more or less available
to certain biota?

- How will biological action alter the rate at %irhich radio—
• •' nuclides bound to resins, clays, etc., enter solutions?

- How rapidly will radionuclides fixed in corrosion-resistant
compounds (as in some packaged power sources) become
available to marine organisms?

3«1B» Radiation effect on marine organisms ,
3.2B. To determine the concentrations of certain nuclides in feea water

Jr -and the body burdens of these nuclides in marine organisms that
cause apparent damage to the organism or the ecosystem.

In the frame of reference^ of seeking factors that may be most
limiting on the amounts of radioactive materials that can be
tolerated in the environment, most,'but not all, biologists are of
the opinion that the potential use of nlaririe organisms as human food
will be" more restrictive than the effects of the radiation on the
organises themselves. This thesis results from the available
evidence which indicates that the maximum allowable concentrations
of radioactive materials in foodstuffs are so low that the resulting
radiation dose to the host organisms is far less (by more than an
order of magnitude) than doses i-jhich have been shown to produce
measurable effects. The question is not entirely settled, hox-rever,
because relatively few studies have been carried out that closely
simulate the kind of radiation exposure that would be experienced by
organisms in natural ecosystems.' To deliver doses of radiation in
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the range that ordinarily cause observable effects, most
investigators have found i,t necessary to use fixed sources (such
as X-rays or capsules of ^Co or ->'Cs) that irradiate the
organisms from a distance and. in acute or interrupted intervals.
In a natural marine environment, the major portion of the dose is
more apt to "be delivered in a chronic fashion from internally
deposited radionuclides. Further, radionuclides will not be uni-
formly distributed throughout ecosystems and thus dose rates will
not be uniform for all species.

Exposures delivered as a single insult do not provide a
challenge equivalent to that of chronic exposure for a number of
reasons - including the fact that not all stages in the development
of the organisms are equally sensitive to radiation damage. Also,
there may be subtle effects on ecosystems as a whole, that are not
apparent from the observations of individuals of one species.
Questions concerned with possible genetic damage are not apt to
be resolved by studies on complete communities, however, because
of the keen competition between individuals.

3.3B. The kind of experiments that would provide the most definitive data,
would involve the addition of massive amounts of radioactive
materials to natural ecosystems. However, such an approach involves
such formidable radiation hazard problems that it may be used only
in regions where public access can be completely and rigidly
controlled. Dven the conduct of such experiments in relatively
small tanks situated outside of buildings would require elaborate
precautions and controls. A more rational approach for most
laboratories would be to sacrifice the desirable aspects of working
with near-natural ecosystems, and restrict the experiment to microcosms
in containers that can be placed in rooms where strict radiation
control practices can be maintained.

The choice of particular radionuclides for addition to the
test system would, of course, vary with the interests of the
investigator. Many workers will undoubtedly wish to use nuclid.es
that are dominant in liquid wastes that could reach marine
environments. In general, nuclides with half-lives of at least
several days will be more convenient to irork with, especially where
prolonged, chronic exposures are involved. Particular attention
should be given to those radionuclides that decay with emission of
alpha, or beta particles because mo.st of the energy will be absorbed
within the organism (assuming that the nuclide is deposited in the
organism). In the case of nuclides that emit "hard" ga.ri.ia photons
much of the energy will be absorbed in the water that surrounds the
organisms and the net effect may be quite like that which results from
a generalized field produced from some external source.

During the past decade, several investigators have studied the
effects of chronic exposure at relatively low dose rates on developing,
embryos. Thus far not all of the reported results are in good
agreement and there are several reasons why substantially more
research should be carried out in this area:



- Developing embryos appear to "be especially sensitive to
radiation, and thus have a high probability of representing
the most critical phase in an ecosystem challenged... by_, ...
radiation.

- The rapid growth and development of embryos provide
several parameters that can be easily observed and
quantified as indices of damage, _.,. ....... ,,. _ v ......

- 'The eggs of many marine organisms can be obtained and
cultured in large quantities, thus providing opportunities ..,. ... -.,
for study of many sub-groups derived for a single homogenous
lot. _ . „ , . _ .,.,,.

- Developing embryos of marine organisms can be handled
conveniently in small containers, thus minimizing the
total quantity of radioactive material required for an
experiment and the radiation hazard to the investigator.
The results of studies' that determine effects (or lack of

effects) of various levels of radioactive contaminants on marine
organisms will be reviewed carefully by individuals tha,t need to
consider all of the possible facets that may limit the concentration
of radioactive materials in sea water* As an aid to such consider-
ations it would be most helpful if the investigators would always
include in their reports the concentrations of the radionuclides
in the water, in the dominant species of food chains, and especially
in fish or shellfish used as human food. The inclusion of such data
(rather than just dose estimates) will allow comparisons to be made
with the results of food, chain studies and thus confirmation or
rejection of human intake as the proper technical base for limiting
the concentrations of radioactive materials in the marine environment.

4• JPo_s_s_ij3il_itv_ of co-ojgeration___with other JLaboratqryjj.es)

The Pacific Northwest Laboratory would welcome opportunities to co-operate
with others on research projects of mutual interest in marine radioecology.
Our extensive experience in the handling and measurement of radionuclides in
quantities ranging from ultra-low to ultra-high levels, in field sampling
and measurement, in dose computation, and. in the general area of health
physics may be especially helpful to other laboratories that are embarking on
programmes that involve radionuclides or where their experience, facilities
or staff may be limited.-


