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ECOLOGICAL STUDIES OF RADIOACTIVITY
IN THE COLUMBIA RIVER ESTUARY
AND ADJACENT PACIFIC OCEAN

I, INTRODUCTION

by Charles L. Osterberg

It is possible to divide our research effort into two parts -- the
Columbia River Estuary and the Northeastern Pacific Ocean. The
division, though an artificial one, is easy to make since the former
investigation is carried out from small boats (up to 32 feet) while
the latter requires a full-fledged oceanographic effort. Our report
recognizes these two environments, However, it is becoming in-
creasingly apparent that the research efforts in both areas pertain
to the same problem and reinforce one another. Thus the radionu-
clides which are least affected by mechanisms of uptake or removal
in the estuary are those which appear in the ocean water at the greatest
distance from the river's mouth. Noteworthy examples of these are
5l cr, which we have succe/ssfully measured in surface sea water
some 525 km southwest of the mouth of the Columbia (see reprint
from Science included in this Progress Report pp. 213), and 24Sb,
which,perhaps,is subject to even fewer losses in the plume. The
improvements in 31 Cr yield brought about by refinements in chemical
separation by Cutshall et al, (see re;;rint included herein, pp. 216)
offer little hope for higher yields of 24gL,, However, other steps
are being taken to increase ourvcounting sensitivity for this radio-
nuclide,

The possibility of using the known half-life of a gamma emitter
as a timing device is also recognized in our oceanic biological studies.
For example, Carey hopes to relate the radioactivity of benthic ani-
~mals to the changes in radioactivity in surface water due to seasonal
injections of Columbia River water into the area. If the 65Zn in
benthic animals varies in response to the plume, any lag occurring
could be attributed to the time required for the 657n to penetrate to
the depth of the animals, thus affording a rate of vertical (downward)
transport,

A refinement of this technique is introduced by Pearcy, working
with vertically migrating species of nektonic animals. Animals




collected from discrete depths are being analyzed for both 65zn
(gamma ray spectrometry) and total zinc (atomic absorption spectro-
metry). Animals in equilibrium (with regard to both 5Zn and total
Zn) with surface waters should have a maximum specific activity
(6SZn: total Zn), but this ratio should decrease with time, The
lower specific activity of animals taken at depth should give a clue

to average time involved in the vertical transport of the 65Zn. The
use of specific activity makes it possible to compare animals with

a great affinity for zinc on the same scale as those with a small
affinity for zinc,

The work by McCauley on the systematic and ecological structure
of benthic populations is essential for the understanding of the role
of bottom organisms in the food chains of the sea. The echinoderms
constitute a major part of the larger invertebrate epifauna on the
ocean floor and systematic and distributional studies on this group
are under way with a paper on the Echinoidea almost completed.
Studies on the food habits of benthic animals, especially of the fishes,
progress slowly because the stomachs of many benthic animals are
empty, Careful searching, however, gives some clues to possible
diets. In the fish genus Coryphaenoides, which is the dominant fish
of the continental slope and adjacent ocean floor, pressure decreases
cause most to evert their stomachs when brought to the surface, ‘
Yet, careful looking has produced evidence which indicates that
these benthic fishes migrate upward to feed on pelagic organisms
in the water column, This method of feeding may hasten the passage
of radionuclides as well as stable elements to the bottom.

The contributions made to our program by Park will become more
apparent after a year or so, since these efforts are of recent origin,
The need for a careful measurement of a number of environmental
variables possibly affecting estuarine organisms was brought to light
by Haertel (AEC Rept, 65-14 p. 3-38, 1965). Changes in population
sizes of several orders of magnitude occurred without obvious
reasons, Having concurrent nutrient data along with our biological
collections should help us sort out the more important variables
influencing animals in the estuary,

Our efforts in the estuary have been substantially increased in
the past year, largely because more of our graduate students are
pursuing theses research there., While each student necessarily
chooses a fairly narrow area for study, these '"pieces' can be ulti-
mately assembled into a more meaningful whole. ‘



The progress report that follows includes research results
ranging from unproved ideas to scientific papers published during
the tenure of this contract. The end of the contract year finds the
several facets of our work in various states of preparation; therefore,
the reader is cautioned that all except the finished papers are subject
to revision before being presented for publication.

R/V SHOSHONE: NEW VESSEL FOR ESTUARINE WORK

In December 1965 the 32-foot towboat SHOSHONE (Fig. 1) was
acquired from the U.S. Corps of Engineers, Walla Walla, Washington,
and was outfitted for work in the lower Columbia River. This steel
boat is powered with twin 250 H.P. Chrysler gasoline engines, and
cruises at about 17 knots. It has an 11-foot beam and draws about 30
inches, making it ideal for use in the estuary. The stern working area
of 132 square feet has an 8- foot high A-frame for handling sampling gear
(Fig. 2). The boat has a hydraulic trawl winch capable of pulling 5 tons
and a small 12-volt hydrographic winch (Fig. 3). A 75-watt radiotelephone
and Heathkit depth finder have been installed. A galley contains a small
plastic sink and stove. The bilge pump was replaced and a gas detector
installed for safety. Additional storage compartments are planned for
the hold and cabin. At the present time the SHOSHONE is being used in
the lower Columbia estuary near Astoria for these AEC sponsored projects:
a study of fish populations and hydrography by Norman Kujala, and chemical
interactions of river water with sea water by Norman Cutshall.

It is also used in support of theses research for the following students:
Lynn Buffo (solvent extraction of Zn); William Renfro (radioecology of a
slough of the estuary); C. David Jennings (55Fe studies); Ford Cross
(benthic amphipods); David Tennant (cycling of 51 cr and 54Mn in Cancer
magister); Lois Haertel (plankton-radioactivity relationship); John Cronin
(dissolved organics); Larry Frederick (physical oceanography); and Peter

Dr. Osterberg is in charge of the estuarine research. "Mr. Kujala
is in charge of boat operations and field collections,



R/V SHOSHONE

Figure 1,




Figure 2. After working deck.




Figure 3. Trawl winch.



COUNTING PROCEDURES

by Ingvar L. Larsen

During the 11-month period 1 July 1965 to 1 June 1966 approximately
1905 samples were counted. These can be subdivided as follows:

Benthic Studies 355
Nekton Studies 475
Estuary Studies 175

Thesis and Experimental
Laboratory Studies 900 ¥

1905

* (54% 100 min. counts,
19% 400 min. counts,
26% 10 min counts).

Samples were counted in one of two 5 x 5-inch NaI(Tl) well crystals,
each connected to a 512 multichannel analyzer (Nuclear Data, series 130).
A few samples, because of their large liquid volume, were analyzed on top
of a 3 x 5-inch solid NaI(Tl) crystal.

Samples were usually counted for 100 minutes with exceptions made
for those that were anticipated to be of lower activity. In this case counting
time was extended to 400 minutes. Samples containing tracer radionuclides
used in laboratory experiments were of higher activity and were therefore
counted for a shorter time interval, usually 10 minutes. Prior to sample
counting, the analyzers were checked for drift by using 137¢s and %%¢o
sources. In addition, constant temperature conditions are maintained in .
order to prevent drift associated with temperature changes.

Readout information obtained from the analyzers consisted of numerical
data which were stored on '"Tally'" paper tape, plotted on graph paper, and
printed out by an automatic typewriter. For the Nekton and Benthic studies,
information stored on punch tape was transferred to IBM punched cards and
computer analyzed by the method of least squares in an IBM 1410 computer
(see AEC Prog. Rept. AT(45-1)1750 for 1965, pp. 120-129). Activities in the
samples were determined by comparing standard spectra of the known standards
to the same spectrum. These samples were routinely analyzed for cobalt-60,
potassium-40, zinc-65, manganese-54, cesium-137, and cerium-promethium-
144. Radioactive standards also available include: Chromium-51, antimony-
124 and 125, ruthenium-rhodium-106, scandium-46, iron-59, selenium-75,
and zirconium-niobium-95. Background counts are subtracted from the samples




before computations are initiated and activities are corrected to the day of
sample collection,

Activities of radionuclides in other studies were determined by comparing
the area under the photopeak of the sample to the area under the photopeak
of the known standard. Efficiency factors are determined as well as Compton
correction factors and computations are done by an IBM 1620 computer.

New standards have been purchased in order to calibrate one of our de-
tectors, which has been repolished and remounted. A plastic counting tube
filled to a volume of 12 ml with a solution of 657 was counted ten consecutive
times for 100 minutes each time. Background was subtracted and each analysis
was processed by electronic computer. The results are given in Table 1. The
activity of each count is listed. The mean of the ten consecutive counts and the
error of that mean are also indicated.

TABLE 1. Comparison of 10 replicate 100 minute counts of a 657n standard.

Count PC 6SZn

966. 82
956. 88
957.50
970. 71
972. 29
965. 59
967. 70
968. 42
977. 61
966. 98

“ - O Q" B QO QW oe

X 967. 05
STD. DEV. : 5.93



An example of a sample which has been analyzed and computer processed
by the least squares method is given below. Figure l is a spectrum of the
sample as it appears upon completion of its counting time and with the back-
ground removed. The spectrum was made by an X-Y recorder connected to
the analyzer. The nuclides present are identified on the figure. Figure 2
is the digital information obtained by an IBM electric typewriter also connected
to the analyzer. Figure 3 is the information obtained from the computer which
uses the least squares method for data reduction. The sample identification
number, counting time, sample size, and the elapsed time between collection
and counting are included with the digital information given to the computer.

The terms A and corrected A refer to the total activity of the particular
nuclide at the time of counting. PC/G represents the activity in picocuries
per gram of sample corrected back to the day of collection. STD. DEV. is
the error of the activity per gram. Below the indicated activities are several
columns of numbers which are the ''residual number, ' that is, the difference
between the best least squares fit of the standard radionuclide and the partic-
ular radionuclide in the sample. These residuals should be small. Any large
or extreme values may indicate the presence of some other radionuclide for
which it is not programmed, poor calibration, or drift with respect to the
standard radionuclides.
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TF-16

CCUNTING TIME 400.

SAMPLE SIZE
ELAPSED TIME

NUCLIDE
K-40
MN—-54
CG-60
IN-65
€S-137
CE~-1l44
‘1.68
0.41
-0.03
-0.11
0.10
0.26
-0.09
0.51
-0.26
0.11
-0.01
-0.01
0.19
-0.00
-0.08
0.21
0.08
0.05
~0.04
‘0.02
0.02
-0-03
0.00
0.03
0.01
0.06

7.91
981.

A

263.6196

11.1203
42.2913

169.8346

7.9360
21.5819
0.03
-0.19
-0.26
-0.25
-0.00
-0.14
-0.08
O.41
-0.31
0.13
-0.06
0.53
0.15
-0.05
0.08
-0.02
0.01
-0.04
-0.02
0.05
-0002
0.05
-0.02
-0.,03
-0.04
-0.04

MIN.
DAYS

CORR A
284.7836
11.4309
34.3856
173.6753
8.0825
2C.5213
2.32
0.38
0.42
0.25
-0.10
0.31
0.02
0.19
~0.35
—0001
-0.50
1.01
-0.02
-0.07
0.05
0.05
0.03
0.07
0.00
~-0.00
0.02
0.02
~0.04
-0.01
0.05
-0.03

PC/G S
36.0030
12.9579
6.2200
352.3076
1.0812
28.1393
1.56 0.91
0.19 0.18
0.23 0.05
-0.27 ~0.04
0.05 “0.11
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-0.03 -0.00
0.02 0.00
0003 —0004
~0.04 -0.02
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-0.01 -0.06

7D DEV
3.6068
2.0954%
0.5511
16.4052
0.2392
6.2667
0.62
0.38
-0.34
-0.28
-0.30
0.06
-0.07
-0003
0.43
-0.22
—0. 73
1.67
-0.07
0.02
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-0.05
0.03
0.01
-0.05
-0.01
0.03
0.04
0.03
-0.05

Figure 3.
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RESEARCH IN PROGRESS

A, ESTUARINE RESEARCH
by Charles L. Osterberg, Leader

The Columbia River provides an excellent opportunity to carry out
radioecological studies under natural conditions. The Hanford reactors
are a source of several radionuclides (6SZn, 51Cr, 54Mn, 60Co, 124gy,
46Sc) which appear regularly in the estuary, Both 657n and 51Cr are
generally found in sediments, water, and biota, while the other
radionuclides favor one or another phase. All of these radionuclides
behave somewhat differently, depending on their chemistry,

L

The presence of a '"labeled'" ecosystem permits a number of

‘studies that would be difficult to carry out elsewhere. Gamma-ray

analysis is sensitive, quick, and easy, requiring minimal sample
preparation, Processes that would be difficult to follow by conventional
techniques are much more straightforward when the system is labeled
with several gamma emitters. This advantage becomes apparent when
the work of Johnson et al. and Hanson (see pp. 21 and pp. 31) are
examined (see also Jenning's thesis submitted in supplement),

Before a study in radioecology of the estuary can be meaningful,
it is necessary to study the animals in the estuary, and the environmental
variables influencing their abundance. The report on this basic work in
ecology by Haertel (abstracted p. 29 ) made up a major portion of last
year's progress report and has been submitted for publication, Kujala
is continuing the work, with somewhat more emphasis on fishes (see
pp. 15), while Haertel has made the study of the plankton of the
estuary the topic of her Ph, D, research,

A new and promising study is that started by Renfro (see
pp. 37)s which will attempt to define the total radionuclide budget

of a small slough in the Columbia River estuary. Techniques and
instrumentation devised by members of our group (in situ sediment
probe, large volume precipitation separations, in situ measurements
of turbidity, salinity, temperature, and suspend—e—dﬁd soluble radio-
activity) will be employed to measure the radioactivity in the sedi-
ments, and soluble and particulate radionuclides in the water. These
will be combined quantitatively with a measurement of the radionuclides
in the biota to determine the relative abundance of the Hanford-

induced radionuclides in the various portions of the slough. These
measurements, although necessarily confined to a small part of the

estuary, should provide a first approximation of the more important
processes in the estuary.
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COLUMBIA RIVER SAMPLING PROGRAM
by Norman Kujala

The sampling program in the Columbia River Estuary was started
in 1963. Samples continue to be taken at the three original stations
(Fig. 1) and an additional station (Buoy 10) has been added at the mouth
of the estuary. Monthly collections are obtained with a 22-foot otter
trawl and a 1/2-meter plankton net. Secchi disc readings, temperature,
salinity, and dissolved oxygen are obtained monthly. Water samples from
three depths at each station are analyzed for nutrients by the chemistry
group under Dr. Kilho Park. A three-foot Isaacs-Kidd midwater trawl,
a 4-foot biological dredge, and a 300-foot monofilament gill net of 1/4 " to
4" mesh have been used to supplement the other collecting devices.

Temperature-salinity surveys made during maximum freshwater run-
off (June 1965) and minimum runoff (August 31 -September 1, 1965) gave
information about saltwater encroachment and general water movements.
Readings were made with a conductivity temperature and salinity recorder
from a depth of 12 meters. The results are shown in Figs. 2, 3, 4, and
5. Figures 2 and 3 show high and low tide conditions during maximum
runoff and Figures 4 and 5 show the same for minimum runoff. Comparison
between various pairs of figures gives a good idea of the salinity patterns
affecting the benthic fauna and the movements of fishes. Otter trawl col-
lections made in the vicinity of each of the four stations are from the bottom
near the 12 meter contour.

Data were collected at two stations on each tidal extreme for a 25-hour
period during October 1965 in order to study the movements of fishes within
the estuary. Animals were collected with otter trawl, gill net and plankton
nets, and salinity and temperature measured with conductivity techniques.
The salinity and temperature data are shown in Figure 6 and corresponding
fish species are listed in Table 1. The results of this study substantiate
dividing the estuarine fishes into fresh water, oligohaline, mesohaline,
polyhaline and marine groups. Both the large number of marine fishes
present upstream (as far as Astoria) and the high salinity values indicated
low river runoff, e.g., the marine species Hypomesus pretiosus, Anoplopoma
fimbria, Clupea pallasi, and Engraulus mordax were taken at Astoria at
high tide when the bottom salinity was more than 20 %o.

Monthly samples of meat and bone of each fish species are prepared
for radioanalysis but an analysis of the past year's: data has not been
completed.

Supplemental data on fishes include stomach analyses to determine

seasonal feeding habits and age determination by checking both otolith and
scale structure.




TABLE I. Catch Results of 25 Hour Tidal Cycle Study at Two Stations on October 14 and -15, 1965.

- ASTORIA CHINOOK POINT
SPE CIES CAUGHT High Tides Low Tides High Tides Low Tides
8.3 6.1 -0.7 2.7 8.3 6.1 -0.7 2.7
1. Starry flounder, Platichthys stellatus X X X X X X X X
2. Longfin smelt, Spirinchus dilatus X X X X X X X
3. Tom cod, Microgadus proximus X X X X X
4. Staghorn sculpin, Leptocottus armatus X X X X X X
5. Shrimp, Crangon spp. X X X X X X X X
6. Shiner Perch, Cymatogaster aggregatus X X X X X
7. Crab, Cancer magister X X X X
8. Sand sole, Psettichthys melanostictus X X X X X X’ X
9. Lemon sole, Parophrys vetula X X X X
10. Windowtail Poacher, Agonopsis emmelane X
11. Snake blenny, Lumpenus sagitta X X X X X
12. Anchovy, Engraulis mordax X X X X X X
13, Prickly sculpin, Cottus asper X X X
14. Chinook salmon, Oncorhynchus tshawytscha X X
15. Sable fish, Anoplopoma fimbria X X
16. Stickleback, Gasterosteus aculeatus X
17. Dogshark, Squalus acanthias X
18. Herring, Clupea pallasii X X X
19. Surf smelt, Hypomesus pretiosus X X X
20. Cutthroat trout, Salmo clarki clarki X
21. Shad, Alosa sapidissima X
22. Peamouth chub, Mylocheilus caurinus X X
23. Toothed smelt, Osmerus dentex X
24. Silver salmon, Oncorhynchus Kisutch X

91



During the past year nine fish species not previously reported in our
studies were collected. All are marine species and were taken near the
mouth of the estuary at Buoy 10. These species are listed in Table 2.

Table 2. Fish species from the Columbia River not previously
reported in this study (AEC Contract AT(45-1)1750).

Common Name Scientific Name
1. Sablefish Anoplopoma fimbria
2. Windowtail poacher Agonopsis emmelane
3. Pacific herring Clupea pallasii-
4. Padded sculpin _ Artedius fenenstralis
5. Lobefin snailfish Polypera greeni
6. Ringtail snailfish Liparis rutteri
7. Warty poacher , Occa verrucosa
8. Tubesnout poacher Pallasina barbata aix
9. Painted greenling Oxylebius pictus

Projected studies include continuation of the monthly sampling pro-
gram, additional 25 hour surveillance of various stations at different
seasons, and other collections to determine the population size and

characteristics of resident and non-resident fish species.
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Figure 2. Typical salinities at high water during a period
of maximum runoff.

Figure 3. Typical salinities at low water during a period of
maximum runoff.

T



Figure 4.

Typical salinities at high water during a period of
minimum runoff.

Figure 5. Typical salinities at low water during a period of
minimum runoff. '
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SAL. (%e0) TEMP. (°C)
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Figure 6. Salinity and temperature data at Chinook Point (C.

P. ) and

Astoria (A) stations during 25 hour tidal cycle study on

14 and 15 October 1965,
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RETENTION OF 6SZn BY COLUMBIA RIVER SEDIMENT *
by

Vernon Johnson, Norman Cutshall, Charles Osterberg

ABSTRACT

Ion exchange does not appear to be an important factor
in the retention of 65zn by Columbia River sediment. There
is some evidence for a more specific ion-particle interaction

whose exact nature awaits more detailed study.

Cationic 65Zn in effluent waters from nuclear reactors at Hanford,
Washington, becomes predominantly associated with particulate material
in the Columbia River (Nelson 1964). Sedimentation of this material
carries ©5Zn and other sorbed radionuclides into bottom deposits. The
ion-particle interaction responsible for binding and retaining 5Zn in
Columbia River sediments is not well known. We have investigated two
types of interaction. The first is cation exchange. The second interaction
is an exchange-type reaction in which the nature of the metal ion plays a
major role. Several investigators have noted that pure minerals and soils
are capable of retaining transition and post-transition metal ions by a
more specific mechanism than ordinary cation exchange (Tiller and Hodgson
1962). This reaction has been called "specific sorption'' to distinguish it
from ordinary cation exchange. Several mechanisms for specific sorption
have been proposed (Elgabaly 1960, Tiller and Hodgson 1962, Mortensen
1963). Whatever the mechanism of specific sorption, it is characterized
as follows: 1) The metal sorbed cannot be displaced by alkali or alkaline
earth ions or by NH4+~, but can be displaced by other transition metals.
2) A general order of displacing power, Cults C02+> Zn2+>Mn2+, prevails.

Our interest in exchange processes was originally prompted by the
work of Murata (1939) who showed that seawater displaced Mn2t from ion
exchange sites in sediments. Similarly, Fukai (1966) reports that sea-
-water displaces cations of 51 Cr, 54Mn, 57n and other transition metals
from Dowex-50 cation exchange resin. This result is reasonable since
cation exchange reactions are subject to the law of mass action. ~When
sediments are carried by a river into the ocean, displacement of exchange-
able radiocations should occur. On the other hand, specifically sorbed or
insoluble radionuclides should remain bound to the particles.

% This paper was submitted to Water Resources Research in May 1966.
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METHODS

A portable leaching apparatus was constructed (Johnson,1966) to
study exchange processes in sediments from the Columbia River (Figure
1). This device allowed the treatment of sediment samples immediately
after collection and thus minimized changes that might occur in the samples
during preservation or storage.

Each 10-12 cm3 sediment sample was placed in the sintered glass
crucible and the appropriate leaching solution was drawn through the bed.
Successive aliquots of leachate could be collected with no interruption of
flow. After elution, both the leached sediment and the leachate solution
were taken to the laboratory at Corwvallis for analysis by gamma-ray spec-
trometry. Our samples were generally permeable enough to allow the
leaching solution to be drawn through at a reasonable rate (1-5 ml/minute).
During and after elution the sediment bed was observed carefully to assure
that 'channeling ' did not develop.

Radionuclides held by ion exchange were removed by leaching the
sample with synthetic seawater prepared according to Lyman's formula
(Sverdrup, et al. 1942). Specifically sorbed 57n was removed by elution
with CuSO4 solution. Some duplicate samples were also treated with CoCl,
or MnSO, solutions so that the relative effectiveness of different divalent
ions in displacing zinc might be observed. The volume of eluant used was
selected for seawater and for CuSO4 solution by analyzing successive 25 ml
portions of eluate by gamma-ray spectrometry. The displacement by sea-
water was negligible after the first 100 ml had passed. One-hundred-fifty ml
of 0. 05 CuSO4 solution were adequate to complete the displacement of spe-
cifically sorbed 657n. That is, although some 657n remained on the sediment,
the portion remaining was not displaced by further elution for time periods
of approximately one hour. Longer elution times were not attempted. The
cobalt and manganese elutions were made with 150 ml of 0. 05 M solutions.

RESULTS

Only a small fraction of the sediment-sorbed 65Zn was removed from
natural Columbia River sediments by seawater (Table 1). Sample sites
are shown in Figure 2. A generally larger but highly variable fraction of
the 24Mn was displaced. CuSO, solution removed a considerable fraction
of the radiozinc from each of three samples (Table 2). There was an appar-
ent decrease in the fraction of ©5Zn held by specifi¢ sorption for samples
collected farther downstream. Although 51cr and 46Sc were also present
in easily measurable quantities in our samples neither was displaced by
seawater or CuSOy solution.




Table 1. Fractions of 652n and 54Mn displaced from sediment samples
by synthetic sea water (percent).

Sample Date % Sand; ! %65an %54Mn2
Location =~ Mo/Yr % Mud Displaced Displaced
1 McNary Dam 8/64 5:95 0.2+0. 03 25. 640. 5
| 0. 410. 02 21.440.5
2 Maryhill 7/64 56:44 0 £ 22.240.8
0. 3+0. 08 16.1%1.0
3 Bonneville 7/64 42:58 0. 6+0. 02 38.1+40.5
Dam 1.1+0. 07 41.441.0
4 Puget Island 3/65 44:56  2.2+0.4 18.444.5
3.340.3 18.9+4.0
5 Miller Sands 9/64 43:57  2.5+0.4 69.5+1.7
2.740.2 73.5+41.3
6 Tongue Point 9/64 56: 41 1.540. 3 30.8+0.9
0 36.5+1.1
7 Astoria 7/64 58: 42 0 25.246. 3
(upper) (0] 0
8 Astoria 9/64 58: 42 0 0
(1l ower) 0 0

1. The portion of each sample passing through 0. 991 mm screen openings
but not through 0. 061 mm openings was called sand. That portion
passing through the 0, 061 mm screen was called mud.

2. + indicates standard deviations for the leachate count rate. Where the
leachate count rate was below 1 cpm for zinc or 1.3 cpm for manga-
nese, (20°) a zero was recorded.
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Table 2. Fraction of 6SZn displaced from sediment samples by

0. 05 M copper sulfate solution (percent).

Sample Date , % Sand: 1 %, 652!12
Location Mo/Yr % Mud Displaced

4 Puget Island 3/65 44: 56 50. 6+1. 2

53.9%1. 0

7 Astoria (upper) 7/65 28;: 72 43.4+40.8

9 Columbia 4/65 0:100 38.2+1.2

Lightship 34.841.0

1. The portion of each sample passing through 0. 991 mm screen
openings but not through 0. 06! mm openings was called sand,
That portion passing through the 0. 061 mm screen was called mud.

2, + indicates standard deviations for the leachate count rate,



; 2 2
When different portions of a sample were leached with Cu +, Co * and

Mn2*t the fraction of ©5Zn removed was 54%, 33%, and 23%, respectively.
Since the transition metal salt solutions used aremildly acidic (pH = 5)

it was necessary to test for the possibility that Ht was responsible for

the release of ©5Zn. Accordingly, a sample was also leached with 150 ml
of 0.1 M acetate buffer (pH = 4.9). Less than 5% of the radiozinc was re-
moved from the sediment, probably the same exchangeable 657n that was
subject to cation displacement by seawater. Thus, removal of 65 7n by
CuSO4 was not due to the acidity of the solution.

DISCUSSION

A surprisingly small fraction of the 657n in Columbia River sediment
is held on cation exchange sites. A somewhat larger, but variable, frac-
tion of >4Mn is apparently so held. Thus, it seems likely that almost all

57n carried into the sea on suspensoids will remain attached to the par-
ticles. Only part of the 54Mn would remain on particles. This last con-
clusion is in agreement with Murata (1939). None of the sediment-sorbed
51 cr or 46Sc would be removed by the rapid processes we have studied.

A large fraction of the 657n in Columbia River sediments is specifi-
cally sorbed. This fraction can be removed with dilute solutions of tran-
sition metals. The apparent decrease in the fraction of 657n held in this
way with distance downstream (thus presumably with age) may indicate
that some reaction in the sediment may be acting to change the mode of
retention of this nuclide. A larger number of samples is necessary to
definitely establish that such a change is occurring. The particle size
also decreased in our sample series and this may have some effect.

s . ' . 2+

It is interesting that the apparent order of effgctlveness of Cu ,
C02+, and an+, in displacing specifically sorbed 5Zn, parallels the order
of stability of complexes of divalent metal ions. We must be cautious in
interpreting this result, however, since rates of displacement by elution
can be affected not only by thermodynamic but also by kinetic factors.
Single batch treatments would be more useful for thermodynamic inter-
~ pretation.

Cation exchange sorption of 65 7n is probably even less important in
seawater than in freshwater because other cations (Nat, Mgtt, etc.) are
so abundant in the sea. On the other hand, specific sorption may occur
in seawater because transition metal ions are generally not abundant in
the sea. For this reason it is especially important to distinguish between
non-specific cation exchange sorption and specific sorption in seawater.

27
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ECOLOGY OF THE COLUMBIA RIVER ESTUARY*
by
Lois Haertel and Charles Osterberg

ABSTRACT

Fauna of the Columbia River Estuary were sampled regularly for
21 months. Analyses of plankton samples indicated that three distinct
populations existed in the estuary: a freshwater group, a marine group,
and an endemic estuarine group. The latter consisted principally of a

large population of Eurytemora hirundoides. Changes in the salinity of

the estuary were reflected in the composition of the plankton.

The majority of the fish and benthic invertebrates found in the
estuary are euryhaline. The largest numbers of fish species, as well
as the largest numbers of individuals, occupy the slightly brackish
waters of the central portion of the estuary. The major plankton blooms

also occur in this area. Starry flounder (Platichthys stellatus) and sand

shrimp (Crangon franciscorum) use the upper estuary as a nursery ground.

Extensive analyses of fish stomach contents confirm that food habits

of fishes generally reflect the availability of prey..

This paper has been submitted to ECOLOGY for consideration.

% A preliminary draft was included in AEC Progress Report AT(45-1)1750
for 1965, pp. 3-38. It has been revised but the information included is
largely the same.
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Figure 1.

B

Instrument package ready for sampling: (1) Transmissometer
underwater sensor; (2) Conductance-Temperature cell; (3)
water intake for pumping; (4) Transmissometer unit; (5) Con-
ductance- Temperature unit; (6) stainless steel pump; (7)
filter unit; (8) polyethylene storage container.
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VERTICAL DISTRIBUTION OF SOLUBLE AND PARTICULATE
RADIONUCLIDES IN THE COLUMBIA RIVER ESTUARY

by Peter J. Hanson

Radioactivity in the Columbia River is distributed throughout the
aqueous environment, The biota, bottom sediments and river load, both
dissolved and suspended, have been shown to be active sinks for the
various radionuclides present in the river. To determine the fate of
radionuclides attention must be given to all these areas of distribution,
Studies of the radioactivity associated with the biota and the bottom
sediments of the river are actively being pursued at this laboratory.

Perkins et al. (1966) have made a study of the behavior and trans-
port of radionuclides in the river between Hanford and Vancouver,
Washington, This reach of the Columbia is well upstream from the
estuary and, thus, is without seawater influx. The study being conducted
at this laboratory will provide knowledge of the fate of radionuclides as
they are carried into a salt water environment, and therefore provide
a logical extension to the work done upstream.

METHOD - INSTRUMENT PACKAGE

An instrument package was designed to collect river water samples
at any depth while simultaneously recording salinity, temperature and
relative turbidity data at the same depth (Fig. 1). Water samples are
pumped to the surface and filtered through a 0. 45 micron membrane
filter, Salinity and temperature data are measured with an induction
conductivity-temperature cell mounted on the instrument package. A
measure of the turbidity of the river is obtained by anunderwater trans-
missometer, also mounted on the unit, :

The instrument package is lowered into the river tethered to a steel
cable which is kept vertically taut by means of a 200 pound lead weight,
A handwinch is used to raise and lower the instrument package,
while an electric winch is used with the tether line and weight. The
sampling depth is determined with a depth meter wheel. Power for the
pump is supplied by a portable gasoline generator,
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Figure 2.

Precipitating containers. Precipitates are formed in the cal-
ibrated containers. The supernatant liquid is siphoned off

and precipitate is washed down into small polyethylene bottles
for transport to the laboratory. Air is bubbled through the
containers to assure good mixing during precipitation.
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SAMPLE PREPARATION

River water is pumped through the membrane filter (usually
4-15 liters). The filter is then removed from the filter
holder, drained of excess water, rolled into a cylindrical shape and
placed in a plastic tube for counting, The filtered water is temporarily
stored in plastic containers until the dissolved radionuclides can be con-
centrated by coprecipitation with ferric hydroxide, A system has been
developed for carrying out the precipitation in the field (Fig. 2). Filtered
water samples are placed in one of the four plastic vats and the precipi-
tate is formed. After settling, the precipitate is removed and stored
in a plastic container for transport to the laboratory. In the laboratory
the precipitate is filtered onto an 11 ¢m filter paper, rolled into a
cylindrical shape, and placed in a plastic tube for counting. Salinity,
temperature, and turbidity data are recorded in situ.

COUNTING

Plastic tubes containing membrane filters and ferric hydroxide
precipitates are each counted for 100 minutes in the well of a ND 130 AT
gamma ray spectrometer. Data from each sample are punched on Tally
paper tape. The data are transferred from tape to computer cards and
spectrum analysis is carried out by means of a computer program developed
in this laboratory. (See AEC Prog. Rept., AT(45-1)1750 for 1965,
pp. 120-129.) The original comyuter program has been modified to
include the following nuclides: lcr, SZn, 465(;, 54Mn, 60c0, 40K,
137CS, and 144(:6.

SAMPLING TO DATE

Two sampling trips have been carried out to date (Fig. 3). On the
first trip, two vertical profiles of the river were made at a location in
mid channel off Astoria, Oregon. On the second trip a 24 hour sampling
study was carried out on the U.S. Coast Guard dock at Point Adams,
Oregon., The effect of tidal salinity changes on the transport and be-
havior of radionuclides in the lower estuary was the purpose of this study.

The samples are now in the process of being counted and thus no
data are yet available (Fig. 4 ).
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Figure 3. Sampling stations in the Columbia River Estuary.

WORK TO BE COMPLETED

Until the preliminary data are reduced no definite direction can be
given to future sampling,

Experiments are planned to test various ‘aspects of the sampling
method. To test the efficiency of the ferric hydrox1de coprecipitation
method of concentrating soluble cations, laboratory experiments are
planned. Radioactive cations in one aliquot of a filtered river water
sample will be concentrated by the precipitate method. Amnother aliquot
will be evaporated to dryness, thus concentrating the radioactivity
quantitatively in the remaining salts. Efficiency factors for the precipi-
tation of the various cations of interest can then be determined.

Samples taken by pumping will be compared to samples taken by a
water sampler of the Van Dorn type. The samples will be used to test
the validity of the pumping method with respect to the representativeness
of the particulate matter sampled. The water sampler is being specially
constructed to fit on the instrument package, thus making it possible to
sample by both methods at the same time and depth,
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Figure 4.

ENERGY —

Preliminary speétra - comparison of (A) ferric hydroxide
precipitate and (B) membrane filter from same sample -
100 minute counts.
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Results of this research will be presented in a thesis, as partial
fulfillment of M. S, degree requirements. If the techniques appear suf-
ficiently promising, it is hoped that the research can be extended for
use as a Ph, D. problem.

REFERENCE

Perkins, R. W., J. L. Nelson and W. L. Haushild, 1966. Behavior
and Transport of Radionuclides in the Columbia River Between
Hanford and Vancouver, Washington. Limnol. Oceanog. 11: 235-248,.
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TRANSFER OF RADIONUCLIDES THROUGH
ESTUARINE FOOD WEBS

By William C. Renfro

The operations of nuclear reactors may be limited to some
extent by the types and amounts of radioactive elements they release
to the environment. In some cases, the controlling levels of activity
may occur in organisms having the capacity to concentrate radionuclides.
For example, the effects of the operations at Windscale are monitored
by surveillance of radioactivity levels in edible seaweeds in the adjacent
Irish Sea (Dunster,1958), Clearly, a knowledge of the fate of radio-
nuclides released to the environment is necessary for proper design and
operation of nuclear reactors.

This project, presently in early stages of planning, proposes to
examine the means by which some radioelements are passed through
one or more estuarine food webs., Briefly, the study will entail
analyzing the stomach contents of various fishes and invertebrates to
determine their places in the estuarine trophic structure. Analyses of
selected animals will be made to correlate their body burdens with
their positions in the food webs, Finally, laboratory feeding experiments
using estuarine animals will be performed in an attempt to quantify the
efficiency with which radionuclides are transferred up the food webs.

A small arm of the Columbia River Estuary near Warrenton,
Oregon (fig. 1) has been selected as the study site. Roughly 150 meters
long, it is "L-shaped' with a mud bottom and dense vegetation along its
edges, Trawl and seine collections indicate that it is populated mainly
by small fishes and invertebrates,

One aspect of interest in initial phases of the study involves
variation in radiozinc concentrations among individuals of the same
species: Eight juvenile peamouth chubs (Mylocheilus caurinum) taken
in a single seine haul and having nearly equal lengths and weights were
analyzed for 657n concentration. Whole bodies were counted after
removal of the eyes which have very high 65Zn concentrations and the
viscera which may vary in activity according to the kind and amount of
the gut contents, The results are shown in Table 1.
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Figure 1, Slough chosen as the sampling site. In the background is
the Columbia River and Astoria, Oregon,




Table 1, 65Zn concentrations in eight peamouth chubs.
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Standard Wet Dry Counts Per Minute
Length | Weight | Weight | Per Gm, Dry Weight Picocuries 657n
Number mm, Gms, | Gms. in 65Zn Photopeak | Per Gm, Dry Weight
1 76 5.29 1,24 34.0 118
2 75 4,99 | 1.14 29. 7 103
3 80 6.32 1.41 37.2 129
4 76 5.16 1,22 26.0 90
5 78 6. 29 1. 39 30. 8 107
6 82 7. 62 1. 70 21,6 75
7 75 5.12 1. 16 43,4 150
8 79 5. 82 1. 45 32.4 Q 113
Mean =110, 6
Std. Dev.

similar characteristics.

Dunster, H. J.

= 21,54

The range in concentrations of radiozinc (75 to 150 pc/g. dry
wt, ) seems quite large within a sample of small fishes having otherwise
These results demand further, more detailed
examination of individual variation and its consequences for this project.

1958,

coastal waters,

ful Uses of Atomic Energy. Geneva, p. 390-399.

In:
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The disposal of radioactive liquid wastes into
Second U, D, Intern, Conf, on the Peace-
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RESEARCH IN PROGRESS

B, RADIOCHEMISTRY
by Charles L. Osterberg, Leader

The work of Cutshall et al. (1966) has greatly increased the distance to
which the plume of the Columbia River can be followed to sea, using 5ler
as an indicator of river water. The sensitivity of our measurements offers
hope that variations in 51 Cr, when corrected for changes in salinity, can
provide a timing device for the plume's movements (see Osterberg, Cutshall,
Cronin 1965). (Reprints of both these papers are included, pp. 216and 213 ).

The modifications by Frederick (see pp.43) make it possible to obtain ex-
cellent data on the 51 Cr content of seawater on board ship within 4 hours after
the sample is collected. With this capability, the cruise plan can be altered
to follow the most interesting 'aspects of the plume.

Perhaps equally useful, if our hopés are realized, is the plan to use 51Cr:
1245Sh ratios as a more accurate 'clock' than 5! Cr alone provides. Ultimate
success depends on our ability to measure 1245y, with something like the same
precision that we can now measure 51 cr. Since we feel that our chemical
recovery of 124gy is nearly 100%, the major hope for increased precision
must come from an increase in the sensitivity of our counting equipment.
this end a 30-ton press with special carbide dies has been ordered. If the
124g5h in the precipitate from 150 gallons of seawater can be concentrated
chemically and mechanically into a 12 cc capsule, it can be counted in the well
of a 5 x 5-inch detector. The improvement in sensitivity would probably make
124gh data useful for dating purposes. These problems concern ‘Frederick,
whose thesis involves a study of the diffusion of the Columbia River water at

s€a.

'I‘o

Further work with our in situ gamma-ray sediment probe has been pro-
ceeding rather slowly due to lack of fairly expensive equipment. With the
recent delivery of a special winch and new conducting cable (June 1966), this

project will begin anew.
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IN 5ITU GAMMA-RAY SEDIMENT PROBE

by C, Osterberg, L. Frederick, N. Cutshall

The in situ probe, developed by Jenmngs et al, (Science 148: 948-
950, 1965) to measure gamma emitters in the sediments of the Columbia
River estuary, has been modified for use down to 400 m.

Tests made in April, 1966 off Oregon demonstrate that counts of
radionuclides in surface sediments can be made down to 400 m, Although
useful data were not obtained on this cruise, the portions of the process-

which were felt to be most difficult were carried out successfully. That
is to say, we were able to determine when the probe was on the bottom,
and could keep the ship. (R/V YAQUINA) on station long enough to com-
plete a count (10-20 minutes). '

Useful data were not obtained due to an intermittent short in the
conducting cable, Cable failure resulted from use of a winch with too
small a diameter, thus straining the conductors. In laboratory tests,
data have been transmitted from the in situ detector to the multichannel
analyzer through 3000 feet of cable, _&ermstrating that the technique
should work,

A new electrically driven winch (with correct drum size) with slip
rings has been received, and will be rigged with new conducting cable.
A new terminal device, to avoid strain on the conductors where the cable
joins the in situ probe, has been ordered. When these new components
have been assembled and tested, further field tests will be begun.
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LARGE VOLUME RADIOCHEMISTRY

by Lawrence C, Frederick

The large volume radiochemistry processes were reported in AEC
Progress Report AT(45-1)1750 for 1965, pp. 57-63. These processes
have been utilized and modified during the past year.

IMPROVEMENTS IN INSTRUMENTATION

With the utility of the large volume radiochemistry system assured,
it was decided to refine the system for increased efficiency in sampling
and analysis. The shipboard system to this point consists of a sub-
mersible 1 h, p. pump, several hundred feet of hose and electrical line,
pump control box, two 170-gallon (640 liter) anchored columns tapered
at the base to effect precipitate flow, and necessary plumbing. Water
was pumped into one of the 640 liter columns and treated with FeClj
and NH4OH to precipitate the dissolved chromium. The water was
allowed to settle and the natant siphoned off, then the remainder was
drained into 50-liter plastic carboys.

Upon further settling, it was possible to decant, to remove more
natant and transfer the concentrate to 5-gallon (19 liter) plastic jerry
cans. These cans were then stored until the end of the cruise. By
the time the concentrate could be removed to the Corvallis laboratory
and analysed for gamma emitters, several days (as many as 10) had
elapsed. This is a significant delay in view of the 27. 8 day halif-life of
5lcr. It also prevented a cruise plan being altered to follow changing
patterns in the Columbia River plume since data were unavailable until
some time after the cruise was completed.

These factors indicated that a shipboard gamma ray analysing sys-
tem should be incorporated and the previous system was drastically
modified as follows. Electrical cords to the pump were replaced with a
very flexible neoprene-jacketed power cord. This step alone improved
the reliability of the pumping system since most failures at sea were
attributed to the weak end connections of the former stiff line. The
pump was fitted so that it could be raised and lowered over the side with
an already existing hydraulic boom and winch on the ship. This elimi-
nated both stresses at the pump coupling points and contact with the side
of the ship. As a result, the station could be completed in foul weather.
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Figure l. A stage of construction in the shipboard counting chamber.
The high purity lead shield is 4 inches thick on the sides
and 6 inches thick on top and bottom. Object in left fore-
ground is the scintillator assembly.
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Corrosion resistant lever-type ball valves and clear vinyl tubing
were placed on the system for reliability and to speed transfer operations.
The natant siphon tubing was modified to maintain a uniform position,
thereby insuring removal of a consistent amount of residual water after
coprecipitation of the trace radionuclides,

A 6-inch thick lead brick shield was constructed around a specially
prepared plastic tank inside the ship hold below the main tank columns
(Fig. 1 and 2), The brickwork was supported by a metal frame con-
structed out of pre- World War II angle iron and sheet steel. The tank
was made by removing the base of a 50-liter carboy, inverting it in a
wooden frame and porting the cap to accept plumbing. Provision was
made to place a sealed scintillator detector through the opening in the
top of the tank. The level of the detector was made adjustable by a
slide clamp arrangement for optimizing counter geometry. The detec-
tor was packaged in a watertight plastic container that allowed room
for a . 5-inch thick thermal insulating layer. Electrical leads were
carried out through the support standpipe in the top of the container to
a field-adapted multi-channel analyzer, This analyzer and detection
system included all the electronic components necessary for gamma ray
spectrometry. The concentrate from the settling columns could now be
adjusted to a fixed volume, placed in the shielded plastic counting tank
and analyzed. After analysis, the concentrate could be drained from
the tank, any residue flushed out by means of a circular flush ring
mounted around the top inner rim of the tank (see Fig. 6, p.189) and
then be stored in a container for further analysis after the cruise.

For long counting times, constant geometry of the sample was
maintained by gently bubbling air through a one-way valve in the bottom
of the tank. Otherwise precipitate settling during the count would intro-
duce variable counting geometry and make interpretation of the readout
impossible.

To adjust the concentrate to constant volume for counting it was
necessary to construct two secondary tanks, one for each of the main
columns (Fig. 3). These were made from 50-liter carboys which had
the bases removed and the caps ported for draining. These tanks were
inverted and mounted above the counter assembly in the hold and just
beneath the main columns. The tanks were calibrated in gallons and
the sides were ported at several gallon capacity levels. At this point,
it was decided that these tanks should also be used to elevate the tem-
perature to the ambient temperature of the ship compartment in order
to protect the crystal detector from any thermal shock. For this, a
stainless-steel clad electrical heating ring was mounted inside the
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Complete Large Volume Radiochemistry system with exception

of main tank columns and submersible pump.

Figure 2.
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Figure 3. Secondary tanks mounted on wall of ship's hold. The left tank
has been warmed to ambient temperature and the precipitate is
settling. Right tank is empty.
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tank near the bottom. Each ring was controlled by a transformer in
order to deliver power without exceeding shipboard line ratings. Dial
thermometers were mounted in the side of each tank to monitor tem-
perature, and air bubbling was provided through glass wands in the
tanks to speed thermal circulation and assure homogeneous temperature
distribution,

A typical sampling procedure now entailed the following. After
arriving on station, the pump was lowered over the side and one of the
main columns was filled. A water sample was removed during the
process so that salinity could be determined, As soon as the tank was
filled to the 150-gallon (568 liter) mark the pump was secured and the
ship moved to the next planned station., Meanwhile, suitable chemicals
were added in a definite timed sequence to the column (see AEC Prog.
Rept. AT(45-1)1750 for 1965, pp. 57-59) to form the precipitate,
mixing all the while by bubbling air gently through a one-way valve at
the base of the column, Then the bubbling was stopped and precipitate
allowed to settle until the natant was clear, The natant was then siphoned
to the 12-gallon (46. 22 liter) level, Precipitate and remaining natant
were allowed to pass into the secondary tank., The main tank was then
flushed with one gallon (3. 78 liter) of clear natant water that was re-
tained prior to siphoning, This too passed into the secondary tank below
deck.

In the secondary tank, the heating and air bubbling process was
immediately started. When the ambient temperature was reached, the
bubbling and heating were stopped, allowing the precipitate to settle.
When the precipitate level (observed through the translucent plastic
tank) reached a point safely bel ow the side valve, the valve was opened
and the natant above the valve level was allowed to drain out. This side
port had a tube extension that reached to the center axis of the tank,
thereby assuring drainage to the desired level regardless of ship pitch
and roll, The amount left in the tank was fixed at 5, 0 gallons (19 liter).
This included a small amount of clear natant which formed a buffer to
prevent accidental loss of precipitate in the turbulence of the tapping
process, The 5-gallon sample was allowed to pass into the counting
tank through the drain in the cap of the secondary tank,

The secondary tank was then flushed out with . 5 gallons (1.9 liter)
of clear natant that was retained in the tapping process. This, too,
passed into the counting tank, increasing the sample volume to 5.5
gallons (20. 8 liter), This volume was not chosen randomly, The L. D.
of the counter tank and the O.D. of the detector container are of such a
form that with this volume, a maximum counting rate occurs. This was



determined by trial and error. Gentle air bubbling in the counter tank
was started and the spectrumn analyzer was set for live time counting of
100 minutes. After readout of the analyzer, bubbling was stopped and
the concentrate was allowed to drain out of the bottom of the counting
tank into a plastic carboy. The counting tank was flushed out with fresh
water using the flush ring. This, too, passed into the same carboy.
This carboy was then stored aboard ship for further analysis in the
Corvallis laboratory.

The time lapse from arrival at station to readout of the sample was
in every case 4 hours with negligible deviation, This permitted us to
make any changes immediately in the cruise plan that would permit a
more advantageous study of the plume. A further advantage was that
5 samples could be in stages of process at any one time since the system
has 5 separate tanks (2 640-liter precipitation tanks, 2 50- liter secondary
settling tanks, and 1 counting chamber).

The data, as read out by the analyzer, may be used for absolute
measures of isotope activity only after the system has been calibrated
and the percent recovery of the system has been measured for that
isotope. For the purposes of the investigations now underway, the
system has been calibrated for " Cr, and all work with the system has
been done with mainly this isotope in mind.

Modifications Now Underway

The successful functioning of the present shipboard system so far
does not leave much room for improvement. There is, however, one
situation that will be changed before it presents a problem. Presently,
the main tank columns are formed from 55 gallon (208 liter) drums end
welded together with three drums making a column. In addition, each
column has a 10 inch (25. 4 cm) long, full cone at the bottom with a standard
iron pipe coupling for a drain connection. The inside of both tanks has
been coated with several layers of epoxy paint. There is evidence that
this coating is not going to last. Accordingly, conventional polyethylene
tank liners have been made and will be installed to eliminate a potential
source of corrosion trouble. The liners will conform to the tanks and
have a conical bottom with a plastic pipe coupling as a drain connection.

New Considerations for LVC Sample Analysis

In the past, concentrates that have been brought back to the Corvallis
laboratory for complete radioanalysis were subjected to the following
process. After settling and decanting to a volume of 1 gallon (3. 78 liters)
a precipitate was re-dissolved in nitric acid and evaporated down to 800 ml
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volume in a steam bath, This reduced volume was placed in a heavy
wall polythylene cylinder and tightly capped. The cylinder was then
placed on a scintillator in a counting chamber and analyzed for 800
minutes ( live time)., The counting assembly had been previously cali-
brated against a 51 Cr solution of known activity, After counting, the
sample was usually stored for reference in a glass bottle. The long
time that lapsed until the last sample could be counted, the short half-
life (27. 8 days) of 1 Cr, the nuisance of calibration for isotopes of
interest and the bulk storage of fairly large volumes led us to look for
more efficient ways to process the precipitate.

It was postulated that a fractional part of a well mixed precipitate
would have an activity in direct proportion to the total activity of the
sample. This fraction could then be vacuum oven dried and placed in
the conventional plastic test tube that we use routinely in conjunction
with our two well-type gamma ray spectrometers. The major advan-
tage of this is that these spectrometers have been calibrated for up to
14 radio-isotopes of interest to us, The digital paper-tape readout of
spectra from these instruments can be submitted to computer reduc-
tion by means of a least square program we have developed and currently
use (see AEC Prog. Rept. AT(45-1)1750 for 1965, pp. 120-130). Fur-
thermore, because of higher geometry, live time counting could be
significantly decreased. Sample storage would be reduced by a bulk
volume factor of better than 10, since we could safely dispose of the re-
maining unused precipitate.

This idea was put to trial successfully in the most recent cruise for
large volume radiochemistry of the Columbia River plume and the results
will be mentioned in the discussion of this cruise below (see page 51).

Another method was also tried. In this, an entire precipitate was
vacuum oven dried, placed in counting tubes and analyzed. The precipi-
tate was then gathered back together and the soluble salts were leached
out by two successive elutions with distilled water. The elutants were
evaporated completely to recover the salts which were then vacuum dried,
placed in counting tubes, and counted. The insoluble solid left after
leaching was also vacuum dried, placed in counting tubes, and counted.
At no time was the vacuum oven temperature allowed to approach boiling
since it was feared that such violent action would result in permanent
loss of activity in the vapor.

Results of activities before and after leaching showed that less than
5% of the activity in the total precipitate before leaching was tied up in
the soluble salts whereas the dried volume (~50 ml weighing ~50 gr. ) of
insoluble salts was 40 to 4 5% of the original dried volume. This lead us
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to believe that suitable compression of this loose mass of insoluble salts
in a pellet forming die under at least 30 ton pressure would yield a pellet
that could be placed in a single counting tube, The advantages of such
reduction are obvious, Extremely low levels of activity in a precipitate
could be detected. The limit of sensitivity of our well-type spectrometers
is in the neighborhood of ~4 pc above background in a counting tube.

This idea has provoked enough interest so that plans are underway
to obtain a 30 ton hydraulic laboratory press and also a pellet forming
die that will make a pellet conforming to the internal dimensions of our
counting tubes with a volume of 12 ml, This volume is that for which
the spectrometers have been calibrated. The self shielding of the iron
(density 7.7) in the high density pellet (density ~4) may be a factor to
contend with, but could well prove negligible,

At one time it was thought that subjecting the insoluble salts to
high temperature in a muffle furnace would dehydrate the iron hydroxide
thus decreasing the volume still further Fe (OH)3‘9 1/2 Fe,03 + 1-1/2
H,O0#). This idea was bypassed when it was realized that the temperature
necessary to accomplish this (~500°C) is too close to the melting point
of antimony (630. 5°C) and above that of zinc (419.5°C). Their loss
could not be tolerated since their unstable isotopes 1‘?'48b 1255h and
65Zn are of great importance in the study of the Columbia River plume.

Application of the Modified Large Volume Radiochemistry System

The large-volume radiochemistry modified shipboard system men-~
tioned above has been used twice to date. A trial cruise conducted in
early December of 1965 allowed us to correct any possible system fail-
ures and also familiarize assistants with the system. The main purpose
of the cruise was to collect benthic specimens and the cruise plan was
such that we did not enter the plume so data taken during this trip with
the LLVC system were not pertinent to the plume study.

The first actual use of the system was in an investigation of the flow
of the Columbia River plume in the winter, This cruise was made during
the period of 21-27 February on the R/V YAQUINA. The pattern of
horizontal extent of the plume was determined by analyzing both surface
salinity and 1Cr activity in the upper two meters of the mixed layer.
Since this was the first extensive investigation of this phenomenon, the
original cruise plan was a simple matrix of stations on 20 n. mi. (37 km)
intervals along the coast of Washington from the Columbia River light-
ship to Cape Alava and thence out to sea 40 n. mi. (74 km). This matrix
was based on the theory that the prevailing southerly longshore winds
in the winter would force the Columbia effluent north close along the
coast, Such was the case,
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The shipboard system's rapid measuring capability allowed us to
make extensive changes from the original cruise plan several times
in succession, Because of this we were able to place our sampling
stations along the plume at will, As a result we were able to follow
the Columbia River effluent to Cape Flattery at the entrance to the
Strait of Juan de Fuca, a distance of 140 n, mi. (260 km). Depletion
of our supply of chemical reagents prevented us from tracking further,
but 39 stations were completed, Since background measurements were
made and the system was calibrated, measurements could be converted
from cpm to picocuries. This was unnecessary, however, and could
be done at any time with the permanent paper tape readout. Only the
integrated photo-peak area for 51 cr was needed for relative comparisons
of activity between stations. The minimum detectable activity of the
system at a 100 minute live time count was calculated to be 2 cpm per
sample. This sensitivity is thought to be more than sufficient for out-
lining the plume and amounts to less than 940 picocuries of 5lcr per
150 gallon (568 liters) sample of seawater, 5]i‘or comparison, at the

‘mouth of the Columbia River the activity of © Cr per 150 gallon sample

was 0,233 microcuries (233, 000 picocuries).

At the conclusion of the cruise, the precipitates were removed to
the Corvallis laboratory. Here they were prepared as outlined in the
section on New Considerations for LVC Sample Analysis above (see
page 49). The dried fractional amount of a 1 gallon (3. 78 liter) precipi-
tate necessary to fill a counting tube was estimated. This consistent
amount, 250 ml, was withdrawn and weighed from each sample after
vigorous agitation to assure a homogeneous mixture. After vacuum
oven drying the fractions were weighed and placed in counting tubes.
Fractions short of the necessary 12 ml dry volume had the balance made
up with sugar, which was mixed in well to give a homogenous sample.
No fraction ever exceeded 12 ml. These fractions were then counted
for 400 minutes each in one or the other of two well-type gamma ray
spectrometers, Due to delay in standardizing these spectrometers for
antimony-124, the readout spectra from this process have not yet been
broken down by computer analysis, We expect to be able to finish this
shortly,

With the computer analysis, we hope to be able to use the change in
ratios of two apparently conservative trace elements, 51¢cr and 124spb
to determine the plume's transport velocity and diffusion rate in a
horizontal plane,
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CHEMISTRY OF CHROMIUM-51

by Norman Cutshall

In our 1965 progress report we stated that the addition of trivalent
antimony to sea water samples increased the yield of 51cr in subsequent
ferric hydroxide precipitates. We suggested that 51 Ccr from the Columbia
River remained in the hexavalent state after entering the sea and that
Sb(III) reduced Cr(VI) to Cr(III) which was removed more effectively by
Fe(OH)3. Further experiments in the laboratory and at sea confirmed
our beliefs. The results of these experiments were published in Science
(Vol. 52, pp. 202-203). A copy of that paper is included in this report.
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RESEARCH IN PROGRESS

C. CHEMISTRY
by Charles L. Osterberg, Leader

A major accomplishment during the past year was the successful operation
of a pulse jet reverse flow column aboard a research vessel at sea. This
pioneering feat was made possible because of the experience of Battelle-North-
west Laboratories in this area. A group of four from Battelle, led by Dr. Lee
Burger, went to sea with the apparatus. This is part of the thesis research of
John Cronin, in progress, on dissolved organics in seawater (see ppP.56.

Further gains in analysis of stable zinc in seawater were made, as reported
by Buffo (see pp. 64). Major change over the techniques used last year was the
incorporation of another step- _back extraction of the zinc from the organic solu-
tion into dilute HCl. This step gives an increase in concentration, but a major
consideration is that the solution is stable, and can be stored at sea for sub-
sequent analysis.

Perhaps most significant has been the ''debugging'’ of our atomic absorp-
tion spectrometer. Tennant (see pp.67) has perfected the sample preparation
process essential to the technique, and induced the instrument to perform
somewhat closer to our original expectations.
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SOLVENT EXTRACTION OF ORGANICS FROM
SEA WATER WITH A PULSE COLUMN

By J. Cronin*, L, L, Burger°, E, C, Martin°, C, L, Osterberg#*

Organic compounds are found in sea water in very low
concentration (ca, 10 mg/1 total carbon); thus chemical analysis is
very complicated. The sensitivity of conventional analytical methods
is also limited still more by the presence of large quantities of
inorganic salts, Either more sensitive instrumentation is required
or larger quantities of water must be processed to obtain sufficient
amounts of organic matter for analysis, -

Solvent extraction was chosen as a suitable procedure for
obtaining the necessary quantity, ' Earlier work, in the authors'
laboratories, utilized two different solvent extraction procedures (1).
Limited results obtained from these procedures can probably be
attributed to low extraction efficiency.

For improved efficiency of extraction, a pulse column similar
to those designed at the Hanford Laboratories (2), was adapted for use
aboard the Research Vessel YAQUINA, The pulse column has already
proven to be an efficient device for the separation of trans-uranium
elements., An important factor in its application to the extraction of
organic compounds is choice of solvent, The ideal solvent would have
high extraction coefficients for the various organic molecules,
optimum vapor pressure, ease of purification, stability and low cost,
Based on these criteria, hexone (4-methyl-2-pentanone) was chosen
as the solvent, The decision was supported by previous experience
using hexone in solvent extraction technology. A total of 817 liters
of reagent grade hexone was purchased and redistilled at a pressure
of 260 mm Hg. A portion of the redistilled solvent was chromato-
asraphed (""Aerograph Model A-700" gas chromatograph). Also
portions of the head and heel (which were collected and analyzed
separately) were chromatographed for reference,

Because of the low flash point (30° C) of hexone, explosion-
proof equipment was used throughout, Vent lines connected all feed
and receiving vessels and an additional exhaust fan was provided
in the laboratory.

* Oregon State University, Department of Oceanography, Corvallis,
Oregon,
° Battelle-Northwest Laboratories, Richland, Washington..




The sea water to be extracted was taken in through a sea-cock
forward of the ships waste disposal and located about 2 m below the
surface, The sea-cock was opened as needed while the ship was
underway., The extractions were carried out over an 82 hr, period
during which time the vessel covered the route shownin Figure 1,

A constant monitoring of the water with a CTI instrument
(conductance-temperature indicator) indicated the salinity of the water
to be 31, 65-32, 60% and the temperature to be 11° C £ 0,5° C, The
temperature of the extraction system was 14° C,

Tests made at sea with the apparatus described were completely
satisfactory from the operative point of view, The water was pumped
(Jacuzzi, 1 hp, submersible) through a 0,45y membrane filter and
glass fiber prefilter (26, 7 cm PVC filter holder from Gelman
Instruments), The water was then introduced into the pulse column
for extraction, The pulse column schematic is shown in Figure 2 and
Figures 3 and 4 show the equipment in place aboard the R/V YAQUINA,
The flow rates and operating conditions are found in Table I,

TABLE I

Operating Conditions of Pulse Column

Column Size 3-inch diameter--4-foot length with two 1-foot T joints,

Cartridge 2-inch spacings, Fluorothene sieve plates 3/16" hole,
23% free area separated by five stainless steel nozzle
plates 3/16" holes, 23% free area,

Flow Rates Aqueous - 3000-3760 ml/min,

Solvent - 300-350 ml/min.

Pulse Frequency - 64 to 80 cps with 80 cps majority of time
amplitude - 1 to 1.5 inches.

Holdup 5 aqueous to 1 organic solvent,
Both aqueous continuous and organic continuous operation were

tried, the latter appeared to give a better dispersion and was used
during the experiments,
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Figure 1.

ASTORIA

Track-line of R/V YAQUINA during extraction period.
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Schematic drawing of pulse column.
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column apparatus as installed on the R/V YAQUINA.

The pulse

Figure 3.
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-column apparatus.

The base of the pulse

Figure 4.
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Preliminary evaporations of the product solvent indicated that

organic matter was being recovered from the sea water, The

procedure was varied with each experiment as follows:

Experiment 1

Experiment 2

Experiment 3

Experiment 4

Experiment 5

4600 liters of sea water at pH ~ 8, 2 -~ 379 liters of
solvent used with 265 liters recovered. A 300 ml -
portion of the product solvent yielded 17.1 mg ot
organic material,

6927 liters of sea water adjusted to pH =~ 3,5 with »
conc, HCI -- 341 1iterslof solvent were used and
recycled with 189 liters recovered., Two 300 ml
portions of the product solvent yielded 29,0 and 15,0
mg of organic matter,

700 liters of sea water adjusted to pH =~ 3,5 with
HC1 -- 389 liters of solvent used for one cycle only
yielded 30 liters product solvent, A 300 ml portion
of the product solvent contained 13. 3 mg of organic
material,

511 liters of sea water adjusted to pH = ~ 3,5 with
HC1 -- 57 liters of solvent from Experiment 3 was
continually recycled until flooding* occurred, 15
liters of solvent wererecovered, This hexone was
assumed to be near equilibrium with the sea water.
A 300 ml portion of the product solvent contained
24,7 mg of organic material,

*#* Flooding, lack of phase separation, apparently
resulted from the changed physical properties of
the solvent after extensive extraction,

7.5 liters of reagent grade amyl acetate (not redistilled)
was introduced into the column and water (pH = ~ 3. 5)
pumped through at a reduced rate, when flooding
occurred 322 liters of water had been extracted,

Because of the small volumes, the interface samples
and the amyl acetate were not evaporated to determine
solid organic matter,

On return to shore facilities the product solvent was redistilled
at a pressure of 70 mm Hg (65° C) with water (4° C) used to cool the
condenser and a dry ice trap for collection of volatile material,



Further analysis utilizing gas-liquid, column and thin layer
chromatography as well as mass spectroscopy, IR, UV, and visible
spectrometry will be completed in the summer of 1966 at Battelle-
Northwest Laboratories, Richland, Washington,

The preliminary results noted indicate that pulse column
extraction can be utilized successfully at sea for the extraction of
organic matter from sea water,
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SOLVENT EXTRACTION OF STABLE ZINC

By Lynn Buffo

In the previous progress report a concentration and analysis
procedure for the determination of trace zinc in sea water was
described (See AEC Prog, Rept, AT(45-1)1750 for 1965 p, 65). The
variable and unexplained results when the procedure was taken to sea
prompted the following laboratory study and consequent modification
of the concentration process., Final analysis by the Atomic Absorption
Spectrometer is still carried out as previously described,

The working procedures described by Cronin consisted of
filtering 500 ml of sea water through a 0, 45u glass membrane filter
and buffering to a pH of 6, 8-7, 0 using 0.5M citric acid buffer, Follow-
ing the addition of two milliliters of 2% chelating agent (NaDEDTC), the
sea water was shaken periodically for one hour, and the chelated zinc
was extracted into the organic solvent MIBK, This was shaken similarly
for another half hour and separated, Analysis on the Perkin Elmer
Model 303 Atomic Absorption Spectrometer completed the determination,

The initial effort was to carry out the mechanization suggested
in the '65 report so that results would be independent of personnel, A
shaking machine with a timing device was modified to handle eight
1000-ml separatory funnels; thus, the interminable (when done by
hand) shaking periods were made uniform in time and in efficiency of
mixing, ‘

Zinc-65 tracers were used to follow the steps in the extraction
process and to evaluate the extent of extraction. A known amount of
zinc-65 was transferred quantitatively to 500 ml of sea water in a
separatory funnel, The extraction procedure as described above was
then carried out with the exception that the organic layer was drained
into a 100-ml volumetric flask and diluted to the mark, The percent

recovery was then determined by gamma ray spectrometry. In
the campus laboratory the process gave a recovery of 97 T
2 % , but was found inadequate for shipboard use due to the 1nstab111ty

of the extracted sample, Apparently, adsorption onto the container
walls resulted in drastic reductions in the recoveries of aliquots taken
from the original extracted sample and counted. Other evidence was
the increased count rate of the counting tubes with time due to the
changing geometry within the tubes.



A back-extraction into HC1 was then attempted and proved to be
highly successful, The solution was very stable with time, and the
back-extraction gave an additional concentration factor soon to be
needed, The extraction procedure was studied to determine minimum
time periods required for shaking and reagent volumes needed for
successful extraction, The following is the procedure in its present
form: Measure carefully 750 ml of sea water into a 1000-ml
separatory funnel. No buffer is needed. Chelate with two milliliters
of 2% NaDEDTC and shake mechanically for 35 minutes, Add about
100 ml of MIBK and shake another 35 minutes, Drain off the lower
aqueous layer and add about 25 ml of 0. 36 NHCI to the organic phase
in the separatory funnel and shake for 20 minutes. Since some of the
aqueous phase will have dissolved into the MIBK, drain the HCl layer
into a 25-ml volumetric flask and dilute to the mark, In this way a
known concentration factor of 30-fold is realized. During study, a
5-ml aliquot is analyzed in multichannel spectrometer for recovery
of zinc-65, For actual sea water analysis (unspiked), the sample is
simply measured on the AAS directly from the volumetric flask,

The percent recovery with the back-extraction process was
shown by tracer experiments to be 97 ¥ 2%. The reproducibility on
the AAS was very good. Four simultaneously-run duplicate samples
from an unfiltered sea water source gave a standard deviation of 1, 2%,
all four samples falling within 1, 2 standard deviations,

An interesting experiment was performed using samples taken
at sea from four different stations--two duplicates per station, One of
each duplicate was spiked and buffered, the other merely spiked. The
samples were allowed to come to equilibrium for a couple months,
When analyzed, the four buffered samples gave results of 0, 7-4%
recovery, while the unbuffered samples gave 93-94% recovery, It
would appear that the citrate buffer competes with the NaDEDTC for the
zinc and, in this case, had sufficient time to do so effectively, The
NaDEDTC apparently did not have sufficient time in the analysis
process to displace the citrate chelate, and the end result was very
slight recovery, This could have strong implications as to the sound-
ness of using citrate to buffer this type of solution,

The most recent step has been to take the process to sea to
check out the equipment, the personnel, and hopefully the sample
storage possibilities, Sampling was done with a 3-gallon PVC-formica
Van Dorn bottle and analysis followed immediately, Duplicate samples
were kept in polyethylene bottles for periodic sampling back at the lab,
The results are shown in Table 1,
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Table 1. Zinc in parts per billion of sea water from four collections
(four subsamples of each),

l1st Run 2nd Run 3rd Run
(4/12-4/14) (4. 20) (5/17)
Sample  Location ppb Zn ppb Zn ppb Zn
1, a NH 15 39.0 72.0 69. 4
b surface 46, 7 71.4 69,4
c 52,7
d 60, 7
av. 49.8 71. 7 69.
2. a NH 65 54,0 80.0 80.4
b surface 52,17 80.0 82,6
c 41,0
d 45.4
av, 48,3 80.0 81,
3, a NBR 65 14.0 23,0 20, 7
b 100 m 14.0 23,0 20. 7
c 15. 8
d 16.0
av. 15.0 23,0 20,7
4, a NH 65 14.0 13.0 16.3
b 300 m 13.3 16.0 16.3
c 15.3
d 16,7
av., 14,8 14.5 16.3

The results are evidence of the need for shipboard extractions,
With time, three of the samples increased'in extracted zinc by consid-
erable amounts--up to 70%. The variation in duplicate samples of
fresh sea water, particularly surface samples, is probably due to
actual variation in the sample since surface waters are actively
contaminated by land run-off and need not be homogeneous., The deeper
samples show less deviation, and all duplicate samples become
consistent with time,

Immediate plans call for more shipboard experimentation as to
the length of time (in terms of hours) a fresh sea water sample can
wait prior to analysis, and as to possible means of storing samples
for a few hours, e, g, freezing, Either alternative would allow a
delay in analysis following the sampling., This will be important, if
not necessary, for extensive vertical sampling or for near-synoptic
surface data, The actual data collecting will then follow. Both the
Columbia River estuary and the coastal waters will be sampled.




TRACE ELEMENT ANALYSES

by David A. Tennant

INTRODUCTION

The work presented describes the procedures used to determine
the concentrations of certain trace elements found in oceanic animals.
To date, the trace elements of most interest to us have been zinc
and manganese, since radioisotopes of both are very prevalent in
our sampling area.

Since only Zn and Mn determinations will be described herein,
procedures and applications reported here should not be necessarily

applied to other trace elements.

A Perkin-Elmer Model 303 Atomic Absorption Spectrophotometer
(Fig. 1) was used for all measurements,

Preparation of Standards

Aqueous solutions containing known amounts of the trace element
of interest are used as standards to obtain a working curve.

Because metals are more free of contaminants than their salts,
standard solutions are made up from high purity metal. The metal
is washed with approximately 2% nitric acid, rinsed three times with
distilled water, and dried at 60° C to constant weight. Any distilled
water used for trace metal analysis must be absolutely free of con-
tamination. After weighing the metal is dissolved in 1: 1 nitric acid,
and diluted with distilled water to a known volume. Working standards
can be obtained by dilution.

Standard concentrations are as follows:

Zinc Manganese
Stock solution 511 pPpm Stock solution 1,303 ppm
Working standards 1.02 ppm Working standards 0. 26 ppm
2.04 ppm 0.52 ppm
3. 06 ppm 0.78 ppm
5.11 ppm 1.30 ppm
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Figure 1. The Perkin-Elmer Model 303 atomic absorption spectro-
photometer used for trace element determinations,
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Sample Treatment and Preparation

Since zinc and manganese occur in relatively low concentrations,
contamination or losses must be prevented,

Formalin has been shown to be an unsuitable preservative,
This -is apparent (Fig, 2) from a comparison of formalin in which
fish were preserved ("'dirty formalin'') with a fresh solution of pre-
servative ('"clean formalin'"), '"Clean formalin'" was used as a blank
from which the base line is obtained. The peaks represent approxi-
mately 0.2 ppm and 0.3 ppm zinc from left to right. Zinc was obviously
leached from the fish tissue into the formalin,

Therefore, samples taken aboard ship are kept frozen in poly-
ethylene bags, until prepared for analysis.

The samples are dried at 60°C to constant weight, then ashed
in a muffle furnace at 450° C, Ashing time and temperature are
very critical steps. Above 450° C zinc may be volatilized, at too
low a temperature or insufficient time a black charred ash is ob-
tained. A correctly ashed sample will be white to grey and powdery.

A portion of the ash is weighed, digested, and diluted to volume.

During our preliminary work, the trace element was leached
from the ash with 0. 36 N HC1 in accordance with the instructions in
the Perkin Elmer Analytical Methods manual, but all of the metal
was not being extracted from the ash, We found that 90% fuming
nitric acid worked well, so an experiment was run to compare the
effectiveness of leaching vs. digestion. Results of the experiment
are shown in Table 1,

Complete digestion of the ash is very difficult. To digest the
ash, about 10 ml. of 90% fuming HNO; or red fuming HNOj3 is added
to the flask and boiled until dry. Temperature does not seem to be
critical as long as the mixture does not bump.
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Table 1. Zinc concentrations obtained in experiments to show
effectiveness of leaching vs, digestion,

Micrograms Zn/gm ash

Sample No, Leaching Digestion
151-1 570 581
2 558 569
3 546 585
4 559 596
average 558 583
100-1 228 385
2 236 401
3 234 403
4 241 415
5 206 ---
average 229 401
709-1 914 1274
2 919 1183
3 1017 1210
4 948 1301
average 950 - 1242

If the dry residue is black, indicating much unoxidized organic
matter, an additional 10 ml of fuming nitric acid is added and boiled
to dryness again, The second addition of acid may result in a finely
divided yellow precipitate which causes severe bumping. A few ml,
of concentrated HCI dissolves this precipitate. This procedure is
repeated until a white to reddish-brown crust of residue is left on
the bottom of the flask. Minute amounts of silicious and carbon-
iferous material remaining in the samples are ignored. The residue
is taken up in acid (0. 36 N HCl), cooled, and diluted to volume.

. The samples and standards are aspirated into the flame of the
spectrometer via capillary tubing, taking care to avoid undigested
particulate matter which might clog or slow the flow of the sample
through the capillary tube because the flow rate for standards and
samples must be the same,
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An air-acetylene mixture is currently used in our spectrometer
burner. The air-propane mixture previously used gave 150 to 250%
greater absorption, but overall data were more variable because of
the tendencyfor the weak flame todeflect in minor drafts, The air-
acetylene flame is hotter, stronger, and less subject to "flickering, "
It is important that optimum burner conditions be maintained, since
smaller ash samples are then required for analysis, Ashing and
digestion of small samples of organic material is considerably easier
than for large amounts,

Data Processing

The readout of trace element concentration, indicated by
percent adsorption, is recorded on a 10 mv. potentiometric strip chart

recorder., Since the chart is graduated from one to one hundred, percent

absorption can be read directly if the base line is kept on zero (Fig, 3).

Absorbance of the samples is read from the strip chart readout
and concentration determined from a standard curve derived by
plotting absorbance against concentration of a known (Fig. 4). A
least squares fit is programmed for the standard curve on a digital
computer. IBM cards need only to be punched with sample number,
percent absorption and sample weight (ash) and the computer reads
out corresponding trace element concentration expressed in micro-
grams of Zn per gram ash, The computer program and readout are
shown in Fig. 5 and 6. An analysis was made to determine how the
computer readout values compared to manual graphing values
(Table 2). The differences observed reflect the least squares fit in
the computer program. It can be observed from Fig, 4 that the plot
of the standards vs. absorbance does not give a perfectly straight
line which is characteristic of deviation from Beer's Law at higher
absorption,e. g. concentration,

In the immediate future, the computer program will be revised
to readout micrograms (zinc) per gram ash free dry wt. and specific
activity, e. g. picocuries Zn 5 per microgram stable zinc.

To date, our main concern using atomic absorption has been
reproducibility., An extensive experimental program has been carried
out to determine what variations can be expected., A series of
samples was analyzed and the series repeated after an elapsed time.
Thus the analysis would proceed: Sample #1, Sample #2, 'Sample #3 .
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Table 2. Comparison of computer readout values to values
obtained by manual calculation (ugm Zn/gm ash).

Sample No. Computer Std. Graph
474-1 252. 2064 239
474-2 270. 6793 270
474-3 268.8783 270
474-4 254. 4557 253
694 470.2810 469
698A 329. 3078 328
508 435. 6935 433
526 492.7592 489
629 483.7305 480
617A 291.1863 283
617B 293. 8950 281
617C 299.0174 284
617D 297. 4167 285
617E 295. 4957 284
617F 293.9850 284
617-1 302. 0636 289
617-2 296. 0919 293
617-3 300.1123 290
617-4 288. 7253 284
617-5 331.1897 316
617-6 296.1755 297
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determination.
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sample #n, sample #1, sample #2, sample #3 ., .. sample #n,

Each sample was analyzed three times. Table 3 shows the results
using aqueous zinc solutions of various concentrations. A propane-
air fuel mixture was used for the above analysis. Standard devia-
tions and coefficients of variation were calculated for each absorption
value from the average absorption value.

For the next analysis of variability, replicate subsamples of
ash were used, Each subsample was prepared and anlyzed separately
and its respective concentrations calculated. Zn concentrations should
be identical for all subsamples provided the main ash sample is homo-
geneous. Table 4 gives the absorption readings of these analyses,
which were also run with propane-air,

The two variation analyses were then carried out inh the same
manner using acetylene-air as a carrier fuel mixture. Instead of
using an aqueous zinc solution for determining reproducability of
absorbance readings, sub-aliquots of an ash-digestion solution were
used (Table 5). Ash subsamples were used to determine variation
in the ash (Table 6). Variations of absorption readings were calculated
for this determination also, The samples used in the last two analyses
were prepared by our lab technician and were run on the spectrometer
by a Perkin-Elmer employee who is a specialist in atomic absorption,

The next test of reproducibility was done on many individuals
of one species. They were put through the entire procedure as
separate individuals and in most cases analyzed several days apart
using different standard curves. Results of the analysis are shown
in Table 7.

A brief analysis of reproducibility, carried out for manganese
determinations, involved reproducibility of absorption readings
(Table 8). Aqueous manganese solutions were used.

In a second experiment four replicate ash subsamples were
weighed and digested separately and analyzed. Reproducibility
between ash subsamples were therefore determined (Table 9).

A more extensive analysis of variation of Mn concentrations will
be carried out in the near future,




Table 3. Replicate absorbance values of aqueous zinc solutions,

08

Solution Absorption _

Number 1 2 3 Ave. a x
1 56.90 56.80  56.80 56.83  0.06  0.10%
2 72.00 71,70 71.60  71.77 0.22 0.30%
3 74. 60 75.50 74.50  74.87 0.55 0.74%
4 82. 60 82.70 82.50 82.60 0.10 0.12%
5 63. 20 63. 80 62.90  63.30 0. 46 0. 73%
6 75.50 75.70 75.90  75.70 6.20 0.26%
7 84.90 85. 00 84.90 84.93 0. 06 0. 07%
8 76. 80 77.50 77.00  77.10 0. 36 0. 47%




Table 4. Analysis of reproducibility of ash subsamples from Coryphaenoides sp.
using acetylene - air (Zn).

Replicate Ash Replicate Absorbance Values _ ng Zn/
Subsamples 1 2 3 Ave, g X gm Ash
1 .1878 . 1938 . 1871 . 1896 . 004 1.9% 236
2 . 1746 .1818 . 1851 .1805 . 005 2.9% 228
3 . 1726 .1838 . 1726 .1763 . 004 2.3% 226
4 . 2000 . 2007 . 1884 . 1965 . 007 3.5% 221
5
6 . 1824 . 1838 . 1624 . 1762 . 012 6. 8% 227
7 . 1568 . 1500 . 1415 . 1494 . 008 5.2% 237
T 230
d= 6. 05
x=  2.60%
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Table 5. Analysis of reproducibility of absorption readouts using
acetylene - air (Zn).

28

Absorption ng Zn/gm
Aliquot 1 2 Ave, Ash
1 19.6 19.5 19.5 283
2 19.6 19.4 19.5 282
3 20.0 19.7 19.8 285
4 19.6 19.8 19.7 285
5 19.6 19.6 19.6 285
6 19.5 19.6 19.5 285

Mean = 284. 08
g = 1.22
0.43%
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Table 6. Ana.lysis of reproducibility of ash subsamples from Pasiphaea pacifica
using acetylene - air (Zn).

Sample Absorption ng Zn/
Number 1 3 Ave, 6 C _gm Ash
617-1 16.7 17.2 16.6 16.8 0.3 1.9% 292.8
-2 15.7 15.8 15.8 15.8 0.1 .44% 289.5
-3 26.9 27. 4 27.5 27.3 0.2 .73% 293.0
-4 21.5 21.2 20.5 21.2 0.5 2.4 % 290.1
-5 31.7 31.5 32.2 31.8 0.4 1.3 % 284.9
-6 19.5 19.3 19.5 19.4 0.1 0.52% 316.2
-7 34.9 34.7 35.4 35.0 0.4 1.0 297.0
Mean = 294.78
d = 10.15
C = 3. 44%
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Table 7. Analysis of reproducibility of separate
individuals within one species (Zn).

Tactostoma macropus

Sample No, pg Zn/gm Ash
780 277
504 219
531 181
659 357
825 228
B = 252
6 = 67.6
x = 27%

Diaphus theta

Sample No. pg Zn/gm Ash
506 549
773 538
776 342
772 ' 416
824 - 494
b= 467
g = 87.8
X = 19070
Lampanyctus leucopsaurus
Sample No. pg Zn/gm Ash
507 484
508 : 377
526 485
530 , 340
789 572
p = 452
6 = 92.7
X = 20%

Euphausia pacifica

Sample No. pg Zn/gm Ash
525 300
629 509
694 490
700 354
843 454
wo= 421
¢ = 88.2
X = 21‘70




Table 8. Analysis of reproducibility of ash subsamples from
Thunnus alalunga (Mn).

Replicate Absorbance Readings L

Sample 1 2 3 Ave, s X
0.26 10.8 10.3 10.7 10.6 . 265 2. 50%
0.52 23.0 23.7 23.3 23.3 . 354 1.52%
0.78 35.8 35.0 33.5 34.8 1.17 3.36%
1.30 56.0 56.0 56. 6 56.2 0.347 0. 62%

Table 9.  Analysis of reproducibility of absorption readouts (Mn).

Sample Ave. Absorption pg Zn/gm Ash
851c-1 3.6 19.2830
-2 19. 6350
-3 8.4 22.7167
~4 8.8 24.5072
w= 21.5355
O~ = 2. 5107
x= 11.65%

85
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Discussion

Our ability to reproduce the same result from one ash sample
at one time is reliable, and while not what we had hoped for, is
well within workable limits, Variation from subsample to sub-
sample can be explained but is not easily corrected,

Little need be said about quantitative and volumetric measurements--
they must be exact, It is very important to obtain as nearly the same
ash consistency as is possible from sample to sample. Digestion should
be thorough, Perhaps perchloric acid digestion may be a better solvent
than fuming HNO3; unfortunately we do not have the facilities to afford
its use,

Precautions are taken to avoid contamination, With such low
concentrations, homogeneity of the ash is very crucial but not always
easy to insure, There is the possibility that a '"loaded' particle
will be taken with one subsample and not the next,

The greatest problem yet to be solved is to reduce the variation
which occurs from individual to individual within a species. It
seems reasonable to assume that the zinc concentration of different
individuals within one species would be very nearly the same, but
as can be seen from Table 10, this is not always the case, at least
by our analytical methods. /

Causes for variation in this case can be many. While contamination
is possible from aboard ship until the ash reaches the digestion flask,
tests have shown that this could hardly cause the variation observed,
Variations in sample drying and ashing cause variations in calculated
concentrations since values are claculated on a weight basis, If
individual samples of the same species do not lose weight proportionately
the corresponding concentrations values will differ accordingly. An
analysis of this correlation will be carried out in the immediate future.
Table 10 shows relative weight losses in individuals of the same species
during ashing and drying, Variation of samples of the same species
can show up if the same ash consistency is not produced from them,

If the ash consistency is greatly different, i.e., some samples are
not ashed completely, digestion will not be complete., Zinc may be
left within undigested organic particles.



Table 10. Variation of weight lost during drying and ashing of fish sample (Tactostoma

macropus).
AR 5 I A
780 276  49.20 7.04 14% 1,33 19% 2. 6%
504 219  81.20 8. 60 119 1.84 21% - 2.3%
181 181 117.10 14.55 12% <3, 06 21% 2. 6%
357 357 41,47 5,33 13% 0.87 17% 2.1%
228 228  76.08 8. 49 11% 1.53 18% 2. 0%
w= 252 12% 19% 2.3%
C = 67.6 1.33 1.80 0.28
x= 27% 119 9.47% 12%

L8
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The ashing and drying precautions refer both to our zinc and
manganese determinations.

The reproducibility of ash subsamples analyzed for Mn (Table 10)
can be seen to be poorer than those for Zn (Table 5). The main
reason for this is that the Mn determinations are run at a scale
expansion of 10 times that of zinc due to relatively low Mn levels.
The scale expansion increases the electronic noise level considerably.
Consequently the strip chart readout is increasingly difficult to
interpret accurately (Fig. 7).

In the coming year much time will be used to understand more
about the causes of the variation observed in our analyses and
methods which can be employed to overcome them.,
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RESEARCH IN PROGRESS

D. CHEMICAL STUDIES*

Kilho Park, M. Catalfomo, C. Osterberg

Major effort has been devoted to modifying a technique to measure
phosphorus - 32 in estuarine water samples. This method, developed
elsewhere for measurement of 32P in blood samples, converts the
phosphorus to a gas (phosphine) which is collected on a specially treated
filter. The filter is readily counted for 32p activity. It is hoped that
the method will free the samples from other beta emitters known to be
present in the estuary, and avoid the problem of self absorption. The
great affinity of organisms for 32pP makes some knowledge of its be-
havior in the environment desirable. Phosphorus-32 is perhaps the
most biologically important radionuclide present in the river from the
Hanford reactors.

Routine monthly measurement of nutrients at three, and later
four, stations at three depths is well underway. This program has
tremendous significance in our overall study of the radioecology of
the estuary. It is hoped that these factors can be related to the
sudden fluctuations in populations (particularly the copepod Eurytemora
hirundoides; see Haertel) observed in the estuary. All of the nutri-
ent factors currently measured are of ecological importance, par-
ticularly since they are measured in water collected concurrently
with our biological collections,

The data, because of their sparcity, have not yet been examined
critically. A summary sheet, chosen at random, shows the scope
of our analyses (Fig. 1). The same information is entered into the
""Astoria Chemical Data'" from (Fig. 2), and contour lines are drawn,

It is hoped that having the ‘'nutrient data' in this format will be
useful to ecologists working in the estuary.

Methods of analysis are as follows:

*Dr. Kilho Park devoted a small portion of his efforts (10% for six
months) toward problems related to our contract, Since he is at sea
on an extended cruise (May, June, July, 1966), only a brief sum-
mary of this work can be presented.
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1) Salinity: Salinometer (Hytech)
2) Oxygen: Winkler titration
3) pH: Beckman pH meter

4) Alkalinity: Beckman pH meter for buffer-curve,
100 ml sample is titrated with 0.1 N HCI.

5) Phosphate: Beckman DU modified ascorbic acid
reduction method (U. of Washington).

6) Silicate: Beckman DTJ Mullin Riley method,
(same as used by U. of Washington)

7) Nitrate: Beckman DU (same as used by U. of

Washington)
8) CQZ: by gas partitioner

The samples for measurements 3 through 8 are kept in the ice-
box and analyzed as soon as possible after collection (usually within
five days). (pH and buffer curves for alkalinity are usually run in
within two days. )

A third portion of this work, the specific alkalinity of the
Columbia River water, did not originally appear closely relatad to
our radioecology work (and is, in fact, entirely supported by other
funds). However, it has been proved to be a completely independent
measurement of the Columbia River plume at sea (see Park, Limnol,
Oceanog. 11: 118-120, 1966). An interesting result of the compari-
son of differences of specific alkalinity of seawater, rain water and
Columbia River water indicaies that surface water off Oregon in the
winter is a mixture of water from the three sources. In other
words, even though the plume of the river goes northward (away
from Oregon) in the winter, plume water from the previous summer
appears to remain and exert its effect on the specific alkalinity of
the seawater. The observation is particularly interesting since it
seems to verify the measurements made of radioactivity in marine
organisms. That is, levels of Zn "~ in marine animals taken off
Oregon in the winter are much higher than those from off southern
California or Alaska. Apparently Columbia River water, which flows
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as far south as central California in the summer, mixes and moves
back off Oregon in the winter, At this time it is free to move inshore,
since there is no upwelling to isolate it from the coast, as occurs

in summer,
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RESEARCH IN PROGRESS

E. RADIOBIOLOGY
by Charles L., Osterberg, Leader

USPHS funds have been used to set up facilities for laboratory
studies of uptake and loss of radionuclides of experimental animals
(see Fig, 2 , p.103). Cross, who had an AEC-Battelle Northwest
fellowship to learn experimental techniques from Doctors Dean and
Nakatani, is using the equipment to complete his Ph, D, research on
65Zn in an amphipod (see pp. 98-104).

!

Holton, whose interest is radiation genetics, is considering
using brine shrimp as experimental animals (see p.112). He has bred
his test animals through many generations, meanwhile devoting most
of his time to the completion of course requirements,

As in former years, the bulk of our data is from field studies,
Phase one of our study on the radioactivity in salmon has been com-
pleted (see Kujala, thesis, included in supplement). We have since
obtained 36 samples of salmon from Japan, and these data plus other
'""loose ends'' will be incorporated into a final paper which should be
presented for publication within several months,

Johnson's work on the clam (see pp.105 -111) was a sideline of
of his sediment work, Although we were not aware that the clams
were present in the river, he and Cutshall found them to be quite
plentiful and easily collected them while diving for surface sediments.

The note by Mellinger (see pp.113 -118) is in a different category.
It was assigned as a research problem and included here because of its
pertinence,




ZINC-65 METABOLISM IN A MARINE BENTHIC AMPHIPOD*

by Ford A, Cross

INTRODUCTION

Johnson (1966) has concluded that the major portion of zinc-65
transported to the Pacific Ocean via the Columbia River should be in
particulate form and subject to sedimentation. His conclusion is
based on data showing sediment-sorbed zinc-65 to be bound by an ion-
particle interaction more specific than ion exchange and not easily
displaced upon entering sea water,

As a result much radiozinc is concentrated in the sediments and
thus much less available to pelagic organisms than if it were in ionic
form (Mauchline and Templeton, 1964). Benthic populations in these
areas are therefore subjected to an increased amount of radiozinc
activity., The ability of benthic organisms to take up and retain
sediment-sorbed zinc-65 and thus to recycle this contaminant from the
sediment back into the food web now becomes important, Parker (1962),
working in a Texas bay, found a large reservoir of zinc in the top few
centimeters of sediment and also found that organisms associated with
the sediment show relatively high zinc values, Thus one would suspect
that there is some interchange of zinc between the sediment and benthic
organisms,

A trapping technique developed at Scripps Institute of Oceanog-
raphy enables us to trap a benthic gammarid amphipod in fairly large
numbers. This organism, plentiful in 80 meters of water off the Oregon
coast, is apparently a new species of Anonyx and is being described by
Dr. J. Laurens Barnhard of the U, S. National Museum, using specimens
which we provided. Anonyx species burrows into very sandy sediments
during the day, and emerges to feed at night, At least this is our con-
clusion as we have been unable to trap this organism during the daylight
hours, Anonyx sp. apparently is a very efficient scavenger of dead and
dying matter because the dead herring used as bait are rapidly consumed,

Anonyx sp, is extremely hardy and has been kept for as long as
two months in the laboratory. They average 21-22 mm in length and
over 200 mg in wet weight,

% The results presented in this paper were obtained at the AEC Battelle
Northwest Laboratories in Richland, Washington, under the Richland
Graduate Fellowship Program, This work, sponsored by the Ecology
section, was under the guidance of Dr. R. L. Nakatani and Dr, J. M,
Dean; their assistance and encouragement is gratefully appreciated.



The purpose of this study is to examine the zinc-65 metabolism
in this organism as affected by contaminated water, food, and sediment,
We are also utilizing autoradiography to examine ¢he tissue localization
of radiozinc,

Test animals were collected by means of baited traps at a depth
of 80 meters off Depoe Bay, Oregon, These traps consisted of one
gallon paint cans with lids modified to allow the amphipods to enter,
but, once inside, not easily to escape. The traps were baited with
dead herring, placed on the bottom, attached by rope to a surface buoy,
and left for several hours. Retrieved traps contain numerous amphi-
pods, and no other animals, Thus, sorting is no problem,. Once
collected, these amphipods were placed in glass jars in a refrigeration
case and transported 400 miles inland to the Battelle Laboratories.
Upon arrival in Richland, the organisms were maintained in fish troughs
and allowed to acclimate to three temperatures (3°, 7°, and 12° C.).
Portable refrigeration units were employed for thermal regulation,

EXPERIMENTAL RESULTS

Temperature effects on 65Zn uptake were studied by serially
killing of amphipods acclimated to the temperatures listed above and
held in sea water filtered through 0.45 p milipore membrane and
containing 25 uCi/1 of carrier-free 5Zn. Figure 1 shows the
uptake curves for each of the temperature treatment groups. Each
point represents the average of six animals., The increase in uptake
with higher temperature was expected, However, differences between
the 7° and 12° C groups are of special interest because these tempera-
tures approximate the range of seasonal change in their environment.
Longer experiments are clearly needed to determine maximal uptake
levels, Concentration factors (on a wet weight basis) after 96 hours
were approximately 73, 55, and 12 for the 12°, 7°, and 3° C groups
respectively, ‘

To determine the effect of temperature on zinc retention, three
groups of amphipods (24 animals/group) were placed in filtered sea
water contaminated with 25 pCi ©2Zn/1 at 3°, 7°, and 12° C for a
period of 8-10 days, Each amphipod was then weighed, counted for
radioactivity and returned to individual containers in 65Zni free sea
water of the same experimental temperature. Twelve animals from
each temperature group were placed in containers with ocean sediments
and twelve animals were placed in containers without sediment, Thus
we were able to look at not only the effect of temperature upon retention,
but also the effect of sediment upon the retention of 657n., Sea water
was replaced weekly to prevent the buildup of 65Zn in the containers,
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Periodically each amphipod was removed from its individual
container, placed in a test tube containing 2 ml -of sea water, counted
in a single channel analyzer for two minutes, and then returned to its
container,  This procedure was carried out for a period of 29 days,
The data for each group were then averaged and plotted on semilog
paper in terms of percent activity retained per unit time, The straight
line portion of the graph was then extrapolated back to the ordinate and
the biological half-life would be the time needed for the levels in the
organisms to fall to 50% of this assimilated value., These data are
presented in Table 1. Since no correction was made for physical decay,
the results are given in terms of effective half-life. (Effective half-
life may be defined as the time needed for an organism to lose 50% of
its assimilated radioactivity as a result of losses from both biological
turnover or elimination and physical decay of the particular nuclide
involved.,)

Table 1, A comparison of the effective half-lives of Anonyx sp, as a
function of temperature and the influence of sediment,

Temperature Water Only* Sediment and Water:

3 C 100d 85d
7 C 81d 72d
12° C 64d 68d

* Effective half-life

For all three temperatures used there is less variability in the
organisms which were exposed to sediment than those which were not.
When comparing the non-sediment group to the sediment group for any
particular temperature, one finds that the sediment groups exhibit a
lower effective half-life for 3° and 7° C than the non-sediment group.
However, at 12° C the effective half-life is very nearly the same for
both groups. From thesedata it appears that the presence of sediment
may influence the effective half-life of ©5Zn in Anonyx sp, at lower
temperatures, However, no significant nor consistent trends are
apparent for all three temperatures involved, One conclusion may be
drawn, however. Because these amphipods show a relatively long
retention time, they may form significant reservoirs of 65Zn for
benthic feeding fishes,
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Because Anonyx sp, are benthic, feed on detritus and burrow
into the sediment, it might be assumed that they remove and incor-
porate 657n wh1ch has become bound to the sediment. An experiment
was performed to determine how the three major components of the
sediments, i, e,, bacteria, organic detritus and inorganic fraction
contribute to the labeling of the amphipods. Each of three groups of
amphipods was exposed to one of three differently treated sediments
for seven days at 7° C. The experimental sediments, originally
collected at 180 meters, were untreated, sterilized by autoclaving
or oxidized with hydrogen peroxide, The sediments were labeled with

Zn and rinsed with sea water overnight to remove the loosely bound
zinc before presentation to the animals. Radioanalysis showed only
slight labeling of the serially killed animals and little difference among
the groups. The 5zn incorporation into the amphipods could probably
be attributed entirely to the small amount of 657n leached from the
sediment by the sea water, These data indicate that Anonyx sp.
apparently cannot readily remove 657n which has been subJect to
sedimentation and recycle it into the biosphere,

Once 6SZn has become incorporated into a crustacean, it is
important to localize the site of radioactivity. If the activity is bound
to the external surface of the exoskeleton or within the internal tissues,
then a major portion of the radioactivity will probably be available for
assimilation by the next trophic level, However, if the 657n is bound
within the exoskeleton material, assimilation becomes difficult as
chitin, being an acetyglucosamine, is not easily broken down and
assimilated., Fowler (1966) has postulated that the molting of
euphasiids may significantly affect the redistribution of 5Zn in the
biosphere. His data indicate that approximately 25% of the euphasiid's
radiozinc activity is associated with the cast-off exoskeleton. The
possible sinking and utilization of these exoskeletons by bacteria and
other marine organisms would offer an alternate pathway for 657n
accumulation in marine food webs, Anonyx sp. also loses approximately
25% of its 5Zn activity upon molting—ngh its molting cycle appears

~ to be much less frequent than that of Euphausia pacifica (the common

pelagic euphausiid off Oregon),

In order to localize 652Zn activity within Anonyx sp. avtoradio-
graphs were prepared by the biological analysis “section of the Biology
division of the Battelle L.aboratories., Cross sections of 6SZn labelled
amphipods show exoskeleton and muscle tissue as the predominant sites
of radiozinc localization.

A large amount of activity associated with the exoskeleton appears to
be incorporated into exoskeletal material. Activity is seen both in the cracks
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and fissures of the outermost layer and incorporated within the exoskeleton
itself in areas that appear protected from surface contamination. This intra-
skeletal incorporation was quite surprising to us as we had expected outf:ar .
surface adsorption to be the most important mode of exoskeletal contamination.
The activity is not very diffuse but arranged in rows parallel to the outer
surface, We are in the process of looking at this phenomenon more closely

in order to offer a plausible explanation for its existence.

The radiozinc activity associated with muscle tissue appears
to be confined mainly to the interstitial areas rather than within the
cells, A small amount of activity is associated with the hepatopancreas
and little if any activity is associated with the digestive tract and
gonadal tissues, No cross sections were available for the gill area,
Organisms used for these sections incorporated “~ Zn from filtered
sea water and no feeding took place during the experiment. Autoradio-
graphs will soon be prepared from amphipods fed 57n labelled brine
shrimp and a comparison will then be made of the tissue distribution
of radiozinc acquired from two external sources, i, e, food and water,

The 652n metabolism work is now being pursued at Oregon
State University, For this purpose a Fisher Isotherm refrigerated
bath and an eight foot fiberglaks fish trough were purchased (Fig. 2).

Figure 2. A refrigeration unit, fish trough, and temperature recorder
which will be used to study radionuclide metabolism in marine organisms,
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The coolant from the bath is circulated through the trough via
aluminum tubing, A temperature recorder is used to obtain permanent
temperature records,

A feeding experiment is planned in which both 5lcr and 65Zn
will be fed to Anonyx sp, via brine shrimp, The experiment is designed
so that uptake data can be obtained from food, from water and from both
food and water, Because two nuclides will be employed, the gamma-
ray spectrometer will be used for counting,

Additional feeding experiments may involve 46Sc and 141Ce and
possibly other radionuclide pairs.

Finally, other trawls will be taken at the depths where Anonyx
sp. is most abundant, Stomachs of the organisms taken will be
analyzed in order to ascertain which fishes and invertebrates might
be utilizing Anonyx sp. as a source of energy.
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DISTRIBUTION OF HANFORD INDUCED GAMMA EMITTERS IN A
FRESH WATER MOLLUSC: ANODONTA WAHLAMATENSIS

V. Johnson, N. Cutshall, C. Osterberg

The recent appearance in the literature of a report on the dis-
tribution of stable manganese in molluscs from some fresh water
lakes in Italy has prompted us to examine the distribution of Hanford
induced radiotransition elements in a fresh water bivalve inhabiting
the lower Columbia River. The Italian workers Merlini, Girardi,
Pietra and Brazzelli (1965) found, for example, that stable manga-
nese in soft parts of Anodonta cygnea and Unio mancus elongotulus
varied in the following order:

gills » mantle $ viscera » muscle

In order to make a similar comparison for Anodonta wahlamatensis
from the Columbia River, specimens from three different sites
were dissected into the above tissue groups. The tissues were
rinsed, blotted on paper towels to remove excess moisture, and
then packed into 13 cc counting tubes for radioanalysis. Data from
our deep well counter were reduced by a computer-programmed
least squares method of spectral analysis (Frederick, et al, 1965).
The program was set up for determination of 21 Cr, Mn, Zn,
465c and 6OCO. All of these, with the exception of 46Sc, are known
to be present in Anodonta from the Columbia; however, too long a
period of time lapsed between collection and analysis of most of the
specimens taken for this study to permit determination of the rela-
tively short-lived 5! Cr. Results for 54Mn, 657 and 60Co are
shown in Table 1.

The first point of interest to be noted from Table 1 is the rather
striking agreement in the order of distribution of >4Mn in A. wahla-
matensis from all three sites and the order of stable manganese
concentrations in the same tissues reported for the Italian Anodonta.
Merlini, et al. found,for example, average manganese levels in sorted
parts of A. cygnea were as follows: gills, 18,699 ppm; mantle,
5,092 ppm; visceral sac, 1,164 ppm; and muscle, 212 ppm. It is
furthermore noteworthy that 65zn exhibits this same trend. Firm
conclusions for 60Co cannot be drawn since only one of the sets of
data in Table 1 can be used due to the relatively low activity and
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Table 1. 652!1, 54Mn, and 60Co levels in soft parts of Anodonta wahlamatensis collected from three

different sites on the lower Columbia River. Data are given as picocuries per gram wet weight,

o~

Puget Island Harrington Point Astoria
pCi/g pCi/g pCi/g
65Zn 54Mn 60Co 65Zn- 54Mn 60Co | 65Zn 54Mn 60Co
Gills 484.2+25.7 29.2+4. 2 1.4i0.7 316.0+13.1 21.2+2.2 6.840.9 569.0+44.4 40.8+10.5 2.143.9
Mantle 347, 6+12.9 14.0+41.9 1.240.4 169.2+6.5 5.040.9 2.8+40.5 352.1+23.0 21.9+4.8 1.7+1.8
Viscera 102.2+11.5 0.9+1.6 1,4+0.5 42.2+1. 4 1.4+0.2 1.6+0.1 57.5+4.5 3.6+0.9 0.7+0.4

Muscle  61.9+41.9 2.140.2  0.9+0.1 3.740.4  1.740.3 0.940.1  23.6+0.9 0.7+0.2 1.3+0.3
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high counting error of this nuclide in the tissues comprising the
other two sets, It is interesting however, that 60Co does exhibit
the same trend as 54Mn and 65Zn in the one set (Harrington Point)
for which the counting error is sufficiently low,

After observing the above orders of distribution the question
arose as to whether this observation might be due to some physio-
logical or biochemical phenomena, or perhaps due to greater reten-
tion of particulate material by the mantle and gills. Brooks and
Rumsby (1965), for example, felt that contamination of tissues such
as the gills by sediment particles was a significant factor contributing
to the incongruous results they obtained for the relative concentration
levels of a number of transition metals in some New Zealand shell-
fish (scallops, oysters and mussels). This point was resolved for
our samples by comparing gamma ray spectra of Anodonta tissue
and environmental sediment (see Fig. 1). The rather conspicuous
absence of 4(’Sc,which is largely particulate in the river, in the
Anodonta tissue strongly suggests that particulate contamination is
an unlikely explanation for the distribution of the radiotransition
metals in our samples.

Further question was raised concerning the use of wet weights
rather than dry weights in our study. It was felt that the viscera,
for example, might retain more moisture than other tissues thereby
yielding relatively lower levels of activity, This possibility was
investigated by comparing the levels of activity of one of the sets of
data in Table 1 on both a wet and dry weight basis. Results, Table 2,
show that the use of wet weights had no effect on the order of distri-
bution,

Table 2. Comparison of the order of distribution on a wet and dry
weight basis (dry weights were obtained by oven drying
at 80° C for five days).

65

Zn, pCi/g
Tissue Wet Weight Dry Weight
Gill 569. 0+44. 4 2845.1+222. 0
Mantle 352.1423.0 1247.7+ 82.2
Viscera 57.5+ 4.5 285.4+ 22.5
Muscle 23.6+ 0.9




(b) TISSUE

Figure 1,

Gamma-ray spectra of Anodonta wahlamatensis soft
tissue (b) and environmental sediment (a). Note the

absence of 465¢ in the tissue and the prominent 4635,
photopeak in the sediment.

801



We conclude that the order of distribution of 54Mn, 6EZn and
possibly 60Co in Anodonta wahlamatensis is not due to particulate
contamination nor due to the method of sample preparation used,
but rather, reflects a biochemical specificity of certain tissues or
their constituents for transition metals. It appears that the relative
concentration of radionuclides in different tissues of A, wahlamatensis

is the same as was reported for stable elements in é— cygnea and
U. mancus elongatulus, This tends to confirm our hopes that the
‘chemical forms of these trace radionuclides from the Hanford reac-
tors are the same as their stable counterparts in the environment,
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BENTHOS-NEKTON-RADIOCHEMISTRY CRUISE

by Norman Cutshall

Following our successful tracing of the Columbia River plume using
51Cr in June, 1965 (as reported last year), we made a study of the plume
cross-section in late August, 1965. During the week 20-28 August,
surface waters were sampled along an east-west line of stations at 44°39' N.
At one station (NH-85) we also took samples at depths of 5, 10, 20, 50
and 100 meters. The results are shown in Table 1.

The well-defined g:lume that had been present in June was no longer
apparent. Traces of l¢r were found in most of the samples from NH-5
(5 nautical miles, 9.27 kilometers, west of Newport) to NH-305 (305
nautical miles, 565. 22 kilometers, west of Newport). None of the samples
taken on the outbound leg (Table 1a) contained more than 6 pc/liter of
51Cr. Less than a week later, on the return trip, considerably higher
concentrations (and lower salinities) were found (Table 1b). These
results indicate that there are rather rapid changes in the internal struc-
ture of the plume itself.

The set of vertical samples taken at NH-85 show that 51 Cr had
penetrated to a depth of at least 20 meters but not to 50 meters (Table 1c).
The concentration of 31 Cr at 10 meters depth was approximately one-
half the surface concentration. Further sampling of this kind is needed
to establish vertical mixing rates of Columbia River water.
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Table 1. Results of BNR Cruise. All Stations are at Latitude 44°39'N,

Distance
offshore 51
Station km Date Salinity, %o Cr, pc/liter
la) seaward leg

NH-5 9 20 Aug 32. 6 1.61
NH-25 46 21 Aug 32.0 5.65
NH-45 83 21 Aug 32.2 2. 60
NH-65 120 21 Aug 32.4 0.25
NH-120 222 22 Aug 32.1 0. 66
NH-165 306 23 Aug 32.0 1.43

NH-215 398 23 Aug 32.2 0
NH-255 473 23 Aug 31.4 3.81
NH-305 562 24 Aug 31.6 2. 88

1b) landward leg
NH-85 158 26 Aug 31.8 4.33
NH-65 120 26 Aug 31.6 10.71
NH-39 72 27 Aug 30.8 23.53
NH-24 44 27 Aug 31.8 8.78
lIc) vertical station at NH-85 158 km offshore
Depth, meters Date Salinity, %o 51Cr, pc/liter

0 26 Aug 31.8 4. 33
5 26 Aug 31.8 4. 07
10 26 Aug 32.1 2.20
20