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Radioactivity and its Relationship to
Oceanic Food Chains

Charles Osterberg, William G. Pearcy,and Herbert Curl, Jr.

Department of Oceanography
Oregon State University

ABSTRACT

Gamma-ray spectra of some primary producers (single-cell plants), filter-feeding
herbivores, and carnivores, assigned to trophic levels 1, 11, and 111V, respectively, were
prepared from marine samples taken in the Pacific off Oregon during 1961-1962. These
organisms had been exposed in their natural environment to both fission products from
fallout and neutron-induced radionuclides from reactors on the Columbia River. Compari-
sons of spectra of organisms from different trophic levels, determined from stomach contents
and the literature, show that Zr%-Nb% and Ce™ were concentrated by primary producers
and herbivores but not by carnivores. Cr5" was abundant in only filtered samples (primary
producers). Mn5%, Co®, and Cs'¥7 were found in only herbivores and carnivores. Zn% was
found in every marine organism examined. We conclude that the abundance of Zr%-Nb?%
and Ce™, in particular, may be useful in marine trophic-level studies. Peaks due to these
fission products are greatly reduced in spectra of predaceous animals as compared with
spectra of herbivores.

Introduction. The oceans receive a substantial share of radioactive fallout
resulting from nuclear testing because of their large area and the drainage they
receive from the continents. Prevailing westerly winds carry tropospheric fall-
out from nuclear tests in northeastern Asia across the Pacific Ocean to North
America. Levels in the environment are normally quite low, but certain
fission products are accumulated by filter-feeding zooplankton (Osterberg
1962b, 1963).

Radionuclides on the Pacific coast of America are also introduced by nu-
clear reactors at Hanford, Washington. Many trace elements in the Columbia
River water used to cool the reactors are activated by the intense neutron
flux (Nelson 1961). These induced radionuclides are returned to the river,
and ultimately portions of them enter the ocean.

The presence of radioisotopes in the ocean off the Oregon coast and the
supply of nekton and plankton available from our midwater-trawl program
have made it possible to investigate the presence of both fallout and neutron-
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induced radionuclides in oceanic food chains. The gamma-ray spectra of
marine organisms from different trophic levels are compared to determine
which radionuclides are passed through food chains and which are discrimi-
nated against. Assignment of an organism to a particular trophic level is, in
most cases, based on studies of stomach contents, supplemented with references
from the literature.

Methods. Phytoplankton and detritus were collected by passing surface
seawater through a §” membrane filter (0.65 ) plus glass fiber prefilter
(Gelman Instrument Company). The filters were ignited in an open crucible
to destroy the membrane filter, and the residue was placed in a muffle furnace
for an hour at 500°C and then ground with mortar and pestle before packing
into counting tubes.

Macroplankton and micronekton were collected in a six-foot Isaacs-Kidd
midwater trawl towed for 30 minutes from 200 m depth to the surface.
Plankton and nekton samples were freeze-dried after preservation in form-
aldehyde. Large or oily samples were further concentrated by ashing in a
muffle furnace. Dried and/or ashed concentrates of the entire animals,’ in-
cluding digestive tracts, were then packed into counting tubes (Falcon Plastics,
Item # 2001). For analysis, tubes containing the prepared samples were placed
in the well of the 5”x5” Nal(TI) primary crystal of the Hanford, Wash-
ington, total-absorption anticoincidence spectrometer (Perkins et al. 1960).
Counting time was 30 minutes, with 30-minute background subtracted.

Results.

Tropuic LeEvEL Rerationsurps. The first trophic level in the pelagic
environment consists of single-cell plants. The second trophic level consists
of filter-feeding herbivores. Carnivores compose the higher trophic levels.
Most food relationships are not simple food chains but are more often com-
plex webs. Since feeding animals are opportunists, the uncertainties of diet
are great, particularly in the case of large predators. Nevertheless, food patterns
do exist and some division into trophic levels is possible.

Tropuic LEvEL 1. Phytoplankton and detritus were trapped on a mem-
brane filter through which surface seawater was passed. Most animals were
removed by prefiltration through a # 6 mesh net.

Tropurc Lever 1. Euphausia pacifica. Euphausiids may feed on phyto-
plankton, small crustaceans such as copepods, or detritus (Ponomareva 1954,
MacDonald 1927, Marshall 1954). Although Ponomareva noted that E.
pacifica occasionally fed on crustaceans, this euphausiid is primarily a filter-

1 Salps and, of course, tuna liver were exceptions. Only the opaque interior “nucleus” (or digestive

tract) of the salp was used, since the transparent outer portion was found to be low in radioactivity
(Osterberg et al. 1963).






























