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PLUTONIUM CHEMISiEY OF THE OCEAN

THE PROBLEM

Plutonium is a man-made element whose behavior in the marine environment

is inadequately known at present. It has been studied intensively in connection

with production of weapons and power sources; from this work it has been

characterized as an extremely toxic substance. ' *-> Nevertheless, only a few

dozen measurements have bn^n made of concentrations in sea water and in the

associated organisms and sediments. The first of these were as recent as 196^.

There are reasons to believe its chemical behavior in the ocean is different

from what has been observed en land, and that it will be difficult to predict

how plutonium will distribute itself in the oceen.

RELEVANCE

The use of plutonium is expected to expand so rapidly that several serious

P"3Q

hazards and management problems can be foreseen. Two of its nuclides, ->^Pu and

J Pu, already are being employed as fuels. Accidents have already happened

releasing both of thece from supervised confinement, and the large scale nuclear

power programs that have been projected for the next decades have not satisfac-

torily suggested how the large amounts of plutonium can be safely transported

between land based and shipboard power plant and fuel processing plants located

some distance away. There will likely be accidents and spillages under normal

circumstances. Moreover, attention has recently been drawn to circumstances

peculiar to plutonium making it unlikely that the transport of this majox- fuel
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across oceans ar,J continents will always remain free of violent interferences

from thieves and highjackers seeking access to an extremely valuable raw

material for making weapons.

It seems important, therefore, to accelerate studies of the contemporary

background conditions and to investigate chemical phenomena which might suggest

what would happen following any large future additions of plutonium nuclides to

the ocean. These must include consideration of intense concentrations within

the marine biosphere and the known affinities for this element to inorganic

surfaces and particulates.

PRESENT CONDITIONS IN THE OCEAN

Existing conditions can be taken as the background for the larger changes

that will follow. Fortunately, the origin of most of the ocean plutonium is

fairly well known, as to time of entry, and as to its probable character when

arriving at the sea surface. It all originated during the past two decades as

global fallout whose large scale arrival trends have been documented by air and

soil samples,'' or else may be inferred from records of other bomb wastes.

Much of our present concept of plutonium chemistry in the ocoan has come

from inspection of the extremely low concentrations that prevail today. It is

similar to many metals in that it accumulates 1000-fold or more in many plants

and animals. It appears to be retained for long periods, a matter of many years, '-

in larger terrestrial animals. It appears in the food of the larger marine animals;

however, it has been found in much higher concentrations in lower members of the

trophic level. It has not yet been established just which organs and tissues are

involved in its uptake by plankton. It may be that only surface adsorption is

involved at these levels. Suggestions of this have came from findings of extreme

plutonium concentrations on certain living and dead surfaces. Very highest

concentrations have been found in the outer 0.2 mm layer of giant brown algae.



In sea water the present -^Pu activities are only roughly 2% of y 3r

and ~"-"Cs concentrations. The shorter lived nuclide "J Pu is at present only

roughly 2 or 3$ of the longer lived element. Dialyses studies in Russia'

suggest that plutonium may exist in sea water as colloidal particles (less than

0.1 to 0.3 microns), unless attached to larger particles.

Vertical distributions are needed for budgeting and other purposes. The

vertical distribution of plutonium has been too little studied to make convinc-

ing arguments. Sensitivity and precision are so low that many earlier measure-

ments in deeper waters are suspect. There are several indirect measurements

that suggest a loss from the upper layers that is more rapid than would occur

with a completely passive material, one not associating itself with particulate

materials living or dead. Budgeting of concentrations in the Atlantic have
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yielded sane scavenging rate estimates. Likewise, some model fitting of

concentrations found by monitoring tissue concentrations in large oceanic

fish in the Facific has suggested a loss from the upper layers (where these

fish live) of plutonium at the rate of half in about k years in contrast with
n

about 10 years for cesium.

One outcome of recent plutonium studies has been the establishment of t e

scale of the large scale turnover model for heavy metal nuclides in some

special regions of the ocean. Because of these, it now appears that it will be

possible to follow minute changes for perhaps another decade in the upper layers

of the Eastern Pacific. One now has some idea where to go to sample to detect

a relatively small accidental increase of plutonium. The failure of SKA.P-9A.

(in outer space in 196if) put into the world oceans less than about one kilogram

of ̂  Pu. Nevertheless, thic amount roughly tripled what was already in the

ocean. This tiny addition may be measured in the ocean with present methods,

provided considerable care is taken with the techniques, the standards, and

refer_nces that are available.



CHEMICAL AND RADIOACTIVE PROPERTIES

Physical radiometric methods for tha two important, alpha emitting,

nuclides are new at a much more advanced state of development than the radio-

chemical methods needed for concentrating the highly dilute trace in sea

water. For studying J Pu directly in sea water samples as large as 500 to

1000 liters have been used. At present, recovery yields varying between

3% and about 90% are being reported. Use has been made of internal standards,

but there has been little proof that equilibrium conditions were established

in most cases.

Plutonium is a member of the actinide series. Qualitatively its chemistry

is similar to that of the rare earths. It forms insoluble florides and hydroxides,

and a quite insoluble oxide. It can exist in several states, commonly in tri-

and tetravalent cations, or in the hexavalent form Pu0? . It forms soluble

complexes with citrate, and is strongly chelated.

Plutonium's apparent attraction to surfaces may be one of its most

characteristic properties. This behavior needs more study in connection with

the ocean. It would appear appropriate to begin these studies with the relative-

ly simple surfaces of the large algae, before attacking the multifarious

structural feature of the plankton.

The surveying and studying of oceanic distributions have been greatly

limited by low and variable analytical yields that have been encountered with

some types of marine samples, especially sediments and complex living tissues.

This should be attacked. One promising technique is the direct recovery of

traces of Pu from tissue by electroplating.

There are still other puzzles related to plutonium in the ocean. Why does

it often associate on surfaces with high concentrations of natural polonium;

what brings them both to these surfaces; are the concentrating agencies physical,

chemical, or biological? Do the nuclear properties, e.g., the alpha, emissions,



210

;rrtribute anything to what we observe? Has natural Po in the past beer.

a significant force in shaping the biosphere; and will the plutonium that, may

be added in the future increase the ionizing burdens significantly?
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FIGURE CAPTION*

90
The 18 year trend of fallout Sr reduced to linear fona. Variations of

90
Sr accumulated in kilocuries per month over the whole of the N. Hemisphere

derived by linear plotting of logarithmic plots in three reports.

Period A (end of 1957 to end of 1970 )

Derived from the logarithmic plot reported by H. L. Volchok and M. T.

Kleinman, HASL-2^3, p. 1-97, July 1971.

Period B (end of 1953 to end of 195?)

N. Hemisphere trend derived from trend reported for New York City,

Table 12a, HASL-227, p. 39, and HASL-227 App., p. A-55, July 1970;

assuming variations with latitude approximate the distribution reported

in Table 2b, HASL-171, p. 1-118, July 1966.

Period C (end of 1970 to end of 1971)
1^7

Extrapolated from Period A using trends of -"Cs in air collections of

Dr. W. B. Silker at Hanford, Washington, reported as lAEA/SM-158-^6,

Symp. on Interactions of Radioactive Contaminants with the Constituents

of the Marine Environment, Seattle, Washington, July 10-ik, 1972.

^-Unpublished figure that will be used in a later paper modeling fallout
in the Pacific.
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