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Fallout Radionuclides 

in Euphausiids 

Abstract. Radioanalyses by gamma-ray 
spectrometry have been carried out on 37 
samples of Euphausia pacifica obtained 
from a network of stations off the Oregon 
coast. Data on euphausiids taken from 
this area in November 1961 and in March 
and April 1962 are compared to show the 
variation in concentration of zirconium-95 
and niobium-95, ruthenium-103, and ce- 
rium-141, with time and location. A mix- 
ture of zirconium-95 and niobium-95 was 
the most abundant fission product noted. 

A large portion of the radioactive 
debris from the testing of nuclear de- 
vices falls into the ocean. The fission 
products Zr95, Nb95, Ru103, and Ce.4. oc- 
cur in particulate form in sea water (1). 
They are produced in considerable 
quantity, and result in percentages of 
14.6, 12.9, 12.5, and 10.6, respectively, 
of the total radioactivity from a nuclear 
detonation 45 days after the blast (2). 
These radionuclides were the principal 
fallout gamma emitters found in the 
samples examined in my study. Zinc-65, 
though ubiquitous in this part of the 
ocean, is introduced mainly by the 
Columbia River where it is contained 
in the effluent from the Hanford, Wash- 
ington, nuclear reactors (3). In gen- 
eral, the gamma-ray spectra of organ- 
isms taken near the mouth of the 
Columbia River showed strong Zn65 
peaks (4), but my research indicates 
there is no correlation between Zn65 
and fallout peaks. No additional gamma 
emitters, other than relatively weak 
natural potassium-40, were observed in 
the spectra which extended out to about 
3.0 Mev. 

Particulate radionuclides tend to be 
concentrated at the second trophic level 
(5). The euphausiid, Euphausia paci- 
flca, is a filter feeder of this level (6) 
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and appears to be a good indicator of 
radioactive fallout in the ocean because 
it is an effective concentrator of most 
radionuclides. Euphausiids are the 
shrimp-like crustaceans (known as 
"krill" by Norwegian whalers) which 
comprise the food of certain whales in 
polar regions. Euphausia pacifica is a 
species found in more temperate waters. 
Because of its great abundance, its use 
as forage by many predators, and its 
extensive diurnal vertical migrations, it 
is an important vehicle for the trans- 
port of radioactivity in the ocean. 

The euphausiids were collected at 
depths ranging from 200 meters to the 
surface during 30-minute tows with a 
6-foot midwater trawl (Isaacs-Kidd). 
The specimens were preserved in for- 
malin and freeze-dried. After freeze- 
drying, which gave a weight reduction 
factor of about 7, gamma spectra 
were made with the low background 
anticoincidence instrument (7) at Gen- 
eral Electric's Hanford Laboratories. 
Counting time was 30 minutes per 
sample. 

Figure 1 shows the distribution of 
the three fission products in euphausiids 
in early November 1961, about 2 
months after the beginning of the Rus- 
sian nuclear tests. The highest concen- 
tration occurred 45 miles off Astoria, 
Oregon. This radioactivity must have 
crossed the Pacific Ocean in the atmo- 
sphere, because the North Pacific Cur- 
rent is too slow to account for its 

Table 1. Results of analyses of two euphausiid 
samples collected in mid-March 1962. Samples 
No. 1 and No. 2 were located at 34019'N, 
120048'W and 32049'N, 123054'W, respec- 
tively. The lower radioactivity is probably 
caused by a latitudinal effect in the fallout 
pattern. 

Content of Content of 
Fission sample No. 1 sample No. 2 
product (pc) (pc) 

Zr95-Nb95 10.6 - 1.4 8.8 1.3 

Ru'03 0.2 = 1.2 0.2 1 1.2 

Ce'4' 2.3 - 1.4 3.6 1.4 

presence at this time. The mixture of 
Zr'5 and Nb9` in the sample taken 45 
miles from the mouth of the river is 
more than two orders of magnitude 
greater than that of the sample taken 
15 miles from the mouth. Figure 2 
shows the virtual disappearance of the 
"hot spot" by April 1962 and a general 
lessening of radioactivity. A similar 
series of measurements made in Jan- 
uary 1962 indicates that this change 
occurred gradually. 

In general, the amount of Ce'4' varied 
directly with the Zr95-Nb95, but Ru"0' 
did not show any great fluctuations dur- 
ing the 5-month period covered by 
these observations. 

Two samples of euphausiids taken in 
California waters in mid-March 1962 
were also examined (Table 1). The 
lower radioactivity which they displayed 
is probably caused by a latitudinal effect 
in the fallout pattern. 
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Fig. 1. Euphausiids collected 6-15 November 1961. The amount of the three fission 
products is in picocuries (pc) per gram of dry weight of euphausiids. The heights of 
the bars are proportional to the radioactivity, which varies from 2.5 to 618 pc. A wet 
weight of about 30 g of the sample was the minimum required. The distance from 
shore is in nautical miles due west from Astoria, Newport, and Coos Bay, Oregon. 
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Fig. 2. Euphausiids collected 26 March 
to 6 April 1962. See legend of Fig. 1 for 
details. 

Radioanalyses of euphausiids taken 
at the same series of stations (Figs. 
1 and 2) in the summer of 1961 (before 

Russian tests) failed to show any fall- 
out radioactivity at the same level of 
detection, although Zn65 was plentiful. 
The conclusion is that the three fission 
products taken up by the euphausiids 
were part of the airborne fallout asso- 
ciated with the Russian tests (8). 
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RNA: A Marker in Embryonic 

Differentiation 
Abstract. A modified fluorochrome tech- 

nique which identifies nucleic acids differ- 
entially in tissues permits following pro- 
duction of RNA in the embryo. Compact 
primordial chick embryo cells show a 
sequence to RNA production as differ- 
entiation begins: First in the nucleus, then 
in the perinuclear area, then in the cyto- 
plasm. RNA increases in the cytoplasm 
with cell growth and continues as the cells 
merge to form an epithelium. 

The incredible complexities of bio- 
logical systems thwart any simple de- 
scription of embryonic differentiation. 
Customarily progressive diversification 
of the embryo is studied in relation to 
some end-point," such as the appear- 
ance time and activity of an enzyme 
or other biological substance, or some 
change in morphology of cells or tis- 
sues. Whatever the milepost chosen, 
studies should attempt to localize and 
identify this "end-point" in tissues, to 
follow it through its lifetime or the 
organism's (embryo to adult), and to 
quantitate it biochemically. In the 
course of studies in a laboratory on 
the metabolism of nucleic acids and 
protein in the chick embryo it became 
necessary to localize RNA in cells and 
tissues. By means of a modification of 
a fluorochrome method for differential 
histochemical identification of nucleic 
acids, the sequence of early changes 
seen in primordial chick embryo cells 
was studied. Intracellular appearance 
and distribution of RNA was used as 
the "end-point." 

The embryos studied were from a 
pure strain of chicken, the sex-linked 
Hallcross (1). Cleaving eggs were re- 
moved from hens' uteri for study at 
varying times before organization of 
the primordial cells into blastoderm 
epithelium occurred. Stages of cleav- 
age of fertilized eggs which remained 
in hens' oviducts or uteri were esti- 
mated from the times the preceding 
eggs were laid. It was thus possible to 
recapitulate the formation of an epi- 
thelium by the highly condensed, com- 
pact primordial cells, from the time 
when they were little more than nuclei 
until they merged into a continuous 
epithelium. 

Conventional staining techniques 
which localize RNA histochemically 
lack the sensitivity, reproducibility, 
and sharp differentiation between RNA 
and DNA which is afforded by fluo- 
rescent histochemical techniques (2) . 
The best-known ftuorochrome tech- 

niques, originated by Strugger (3) and 
studied more recently by Armstrong 
(4) and by von Bertalanffy (5), em- 
ploy acridine orange. Under appro- 
priate conditions acridine orange is 
conjugated by the nucleic acids and 
gives a brilliant polychromatic differ- 
entiation between DNA, which fluo- 
resces green, and RNA, which fluoresces 
red. The following method, adapted for 
embryonic tissues, is a modification of 
that of von Bertalanffy (5) and Bert- 
alanffy (6) for detecting malignant cells. 

Tissues were fixed in Carnoy's solu- 
tion at 40C for 6 to 12 hours, washed in 
three changes of absolute alcohol over 
2 hours at 40C, cleared in cedarwood 
oil, and embedded in paraffin; sections 
were mounted and cut at 3 microns' 
thickness, and the paraffin was removed 
with xylol. The sections were hydrated 
rapidly, in 80, 70, and 50 percent 
alcohols, successively and then they 
were placed in 0.002M MgSO4. Once 
the sections were hydrated, the pres- 
ence of 0.002M MgSO4 in all subse- 
quent solutions resulted in better poly- 
chromatic differentiation, cell integrity, 
reproducibility, and stability. Thus, 
every solution in the following steps 
contained 0.002M MgSO4. Sections were 
then placed in 1 percent acetic acid for 
1 minute, rinsed in MgSO4 solution, 
stained for 3 minutes in 0.01 percent 
acridine orange in .067MNa2HPO4 and 
KH2PO4 buffer (pH 6), and rinsed 5 
minutes or more (until excess aridine 
orange had been removed) in the 
pH 61 .067M phosphate buffer. After 
2 minutes in 0.1M CaCl2 solution, sec- 
tions were again rinsed in phosphate 
buffer, mounted in a drop of buffer 
with a thin coverslip, and sealed with 
paraffin. 

Observations were made with a 
Leitz (Ortholux) microscope and 
fluorescence equipment. Light from a 
200-watt, high-pressure mercury lamp 
was passed through a blue BG-12 
(Schott) filter to transmit light of 
4150 A wavelength, and fluorescence 
was observed through a suppression 
filter OG-1 (Schott) mounted in the 
barrel of the microscope. Photomicro- 
graphs were taken on 35-mm high- 
speed Ektachrome color film with an 
Exacta single-lens reflex camara. 

Companion control sections for 
every section examined were treated 
with ribonuclease (7). Any fluores- 
cence present after ribonuclease treat- 
ment was presumed to be due to sub- 
stances (notably mucopolysaccharides) 
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