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

I Introduction

This report covers somewhat more than a full year of operation.
Individual contracts between the AEC and Oregon State University covering
the research of William Pearcy, Andrew Carey, Jr. , and Charles Osterberg
were combined into a joint contract on 1 November 1964. No Progress
Reports for the unexpired portions of individual contracts were prepared at
that time. Those data are included in this report.

The papers presented vary from brief abstracts to fairly comprehen-
sive studies, from hurried summaries of work in progress to published
manuscripts. Some of the summaries of work in progress are so up to
the minute as to be largely unchecked, and subject to the usual errors en-
countered in meeting a deadline. These will surely need correction and
revision. The reader is reminded of the preliminary nature of much of
the data found in Section II. The inclusion of material in this unfinished
condition is justified because it demonstrates the scope of our work and
the state of its progress. Surely this is a function of a Progress Report.

Research Goals

Radioecology is a fairly new subject with uncertain boundaries. We
feel that it includes chemical and physical changes occurring in animals,
sediments, water, and particulate and soluble materials in the water which
affect the reservoirs and cycling of radionuclides. This complex problem
is facilitated by nearly "steady state" levels of radioactivity, maintained
in our collecting area by the Hanford, Washington nuclear reactors. Nearly
25, 000 curies per month reach the ocean from this source. Included in at
least a portion of our samples are Zn65, Cr51, Co60, Mn54, and
Some of these gamma emitters (such as Zn65) are avidly concentrated by
animals, while others (such as Cr51) are not. Thus, the effluent from the
Columbia River provides us with a variety of radionuclides, ranging from
the biologically important to those which are essentially unaffected by
organisms. The latter provide conservative radioactive tags of the river
water at sea.

Much of our effort is in biology, since we must know what animals are
present, their food habits, migratory patterns, and affinity for radionuclides.
We are interested in sediments, because they are usually more radioactive
than the overlying water, and because variations in sediment type seem to
produce comparable differences in benthic populations. Considerable time
is spent in chemical analyses for both stable and radioactive elements.

This report, therefore, is varied. It includes contributions from
many disciplines. For convenience, papers on closely related subjects
are grouped together.
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A BIOLOGICAL STUDIES IN THE COLUMBIA RIVER ESTUARY

Lois Haertel

Introduction

This report covers the results of 1-1/2 years of biological sampling
the Columbia River Estuary. The study program was set up for two
primary reasons.

(1)

(2)

Although the estuary is an area of increasing (and competing)
economic interests, no general biological survey had ever been
conducted.
Because of the great fluctuations of the estuary environment,
little explanation can be given for levels of radionuclides in
organisms until the organisms' relations to environmental
factors and each other are known.

The sampling program was designed to investigate the following
aspects of e s tuarine ecology:

(1) Distribution of animals by season, salinity, and stage of life
cycle.

(2) Food chain relationships between animals; their changes with
season, salinity, and age.

Because of the magnitude of the problem, and the limited facilities
and personnel available, only general distributional information was
gathered about invertebrates. Specific study of food habits was limited
to common and easily obtainable estuarine fishes.

Methods

Monthly samples were collected at three locations (Figure 1),
Harrington Point (H-1), Astoria (A-1), and Chinook Point (C-1) from
October 7, 1963, to July 14, 1965. A second station at Harrington Point
(H-2) was added on June 10, 1964, because of channel-dredging opera-
tions. This station was sampled on all subsequent trips. Two additional
stations were sampled July 30, 1964, one (M) at the mouth of the river,
the other (C-2) opposite Chinook Point in the south channel of the estuary.

At each station temperatures and salinities at the surface and at the
bottom were measured. Prior to March 4, 1964, these measurements
were made CTI (conductivity temperature indicator). After that date a

3
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Van Dorn bottle was used to collect water for salinity and oxygen deter-
mination. Temperatures were taken by inserting a bucket thermometer
into the Van Dorn Bottle. Oxygen content was determined by the Winkles
method. Water clarity was measured using a Secchi disc and water
telescope.

Plankton were collected by, 10 minute oblique trawls using a #6 mesh
half meter net equipped with'a TSK flow meter. The samples were pre-
served in the field in 10 percent formalin solution. They were later
analyzed by diluting the settled volume and extracting one or more cubic
centimeter aliquots with a Stempel pipette until at least 100 animals were
counted.

Fish and larger invertebrates were collected in 20 minute otter trawls
using a 22-foot shrimp -type otter trawl. Samples were preserved in
formalin and later sorted, counted, weighed, and measured. Fish lengths
measured were standard lengths, and crabs were measured across the
widest part of the carapace. Fish otoliths were examined in March 1964,
June 1964, September 1964, January 1965, and April 1965. These,
together with length-frequency plots, were used to determine the age
structure of the populations. Fish stomach contents were analyzed from
March 4, 1964, to April 19, 1965, by counting the number present per
stomach of each item and estimating its percentage of the total contents.
Two thousand eight hundred and nine fish stomachs were examined.

Smaller fish and invertebrates were collected from March 4, 1965,
to July 14, 1965, using a 3-foot Isaacs-Kidd midwater trawl.

On April 29-30, 1964, a 25-hour tidal cycle study was conducted at
the Astoria station and on a nearby Astoria dock (A-2). On the dock,
salinities and temperatures were measured every 15 minutes at four
depths, using a CTI. Salinity and oxygen bottle samples were taken from
surface and bottom. Also, a vertical plankton tow was made each hour.
The mid-channel station was sampled four times, -once at each high and
low tide. Surface and bottom salinity, oxygen, and temperature were
sampled by VanDorn bottle casts. Fish and plankton were collected by
means of 20 minute otter trawls and 10 minute plankton tows.

Hydrography

Salinity. Major factors which determine salinity distribution in an
estuary are (1) tidal velocity, (2) amount of river flow, and (3) width to
depth ratio (Pritchard, 1955). The tidal velocity provides the energy for
mixing of fresh and salt water. Tidal velocity in the Columbia is high

5
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since the mean tidal range at the mouth of the river is 6. 5 feet. A high
river flow, however, tends to reduce mixing and creates a two-layered
system. In the Columbia, river flow varies from a maximum in June
of about 660, 000 cfs to a minimum from September through March of
about 70,000 cfs (Fiickson and Rodolf, 1951). However, winter flood
conditions in the tributaries west of the Cascades may cause periods of
higher river flow, sometimes exceeding the summer mark (Ibid. ). The
average flushing time for the estuary has been estimated at 5-10 days
(Neal, 1965).

The maximum salinity intrusion in the Columbia occurs with high tide
and low river flow and is probably less than 20 nautical miles or just
above the Harrington Point station. With high tide and high river flow,
it is probably less than 15 nautical miles. With low tide and high
river flow, it may be less than 5 nautical miles or just below the Chinook
Point station (Ibid. ). Salinities are generally somewhat higher in the
north channel than in the south, or main channel of the estuary (Ibid. ).
Figure 1 gives hypothetical profiles of salinities in the estuary at high
tide during both high river flow, when the estuary approaches a two-
layered system, and low river flow, when the system is well mixed.

Seasonal salinities during the course of this study are given in
Figure 2. With the exception of Fall, 1963, and the most seaward station
for Summer, 1964, these values represent averages of measurements
made on at least three sampling trips. Because of distances between
stations, upstream records were taken at low tide and are somewhat
lower than those predicted by the hypothetical diagram. The salinity
profile approaches that of a two-layered system in Summer, 1964,
the expected time of high river flow, and in Winter, 1964-5. The latter,
generally a time of low river flow, was no doubt affected by the exten-
sive December and January floods.

The data in Figure 2 indicate that salinities are higher in fall and
winter than in spring. Probably they are not, since the lower low and
high tides were sampled in the spring and summer, and the higher low
and high tides were sampled in the fall and winter. This was necessary
in order to sample each station at a consistent time of day and relative
stage of the tide.

The 25-hour tidal cycle study was conducted in April, 1964, a time
of relatively low river flow. Data from this study show the variation that
can occur in one location. Figure 3 shows the total variation to be from
0. 2°/ at the lower low tide (surface and bottom) to 19.3°%° at higher high
tide. It also demonstrates the danger in calling the estuary either a two-
layered system or a well-mixed system at any particular season or lo-
cation. At higher high tide, which follows a tidal range of 5. 8 feet, the
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estuary approaches a two-layered system, especially when the salt wedge
initially arrives. However, in the lower high tide, which follows a
greater tidal range of 7. 0 feet, the water is more thoroughly mixed,
and surface salinities are actually greater than in the higher high tide.

Temperature. Seasonal temperature profiles are shown in Figure 4.
Seasonal extremes are much greater in the river water than in sea water.
The river water is warmer in summer and colder in winter than the salt
water intrusion. Temperature stratification thus encourages mixing of
fresh and salt water in winter and discourages it in summer. Density
changes due to temperature are, however, minor compared with those
due to salinity. During both years of this study, temperature reversals
occurred during the months of November and April. Temperature ex-
tremes recorded in the course of this study were 4. 0°C on January 5,
1965, and 19.4°C on July 27 1964.

Dissolved oxygen. Oxygen profiles are shown in Figure 5. Values
varied inversely with salinity and temperature. The highest value of
9.64 ml/l was recorded in bottom water at Harrington Point on January
5, 1965, and the lowest value of 2. 53 ml/l was recorded in water of
33°/°° salinity at the mouth of the river on July 30, 1964. Biological
depletion may account for the uniformly low values in the Fall of 1964.

Water clarity. Secchi disc readings varied from 2. 0 m at Chinook
Point on September 8, 1965, (surface salinity 29.2 °%°) to 0. 1 m at all
stations during the January 1965, flooding. Most readings were between
0. 5 and 1. 5 m. Clarity was consistently higher in water of higher
salinity. Readings were higher than average in water of all s alinitie s
in the Fall of 1964.

Plankton

Sampling was too infrequent and widely spaced to give specific
information about distribution and abundance of plankton. However,
three major planktonic communities were found.

In water of 0. 1°%° or less, the community was dominated by a
copepod, Cyclops vernalis, and 2 cladocerans, Daphnia longispina, and
Bosmina sp. (probably mostly longirostris). Other species of this group
which were seasonally abundant included the cladocerans Diaphanosoma
brachyurum (Summer) and Ceriodaphnia quadrangula(Fall), immatures
of the amphipod species Corophium salmonis (Winter- Spring), the
rotifers Brachionus sp. (B. calciflorus in Spring, 1964, B. plicatilis
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in Spring, 1965) and Asplanchna sp.. (Summer), the protozoan Volvox sp.
(Fall), and the copepod Diaptomus ashlandi (Spring, 1964, only). The
cladocerans Alona costata and chydorus bola were present in small
numbers throughout the year. Th'

highest density attained by this com-
munity was 1082/m3 at station i-2 in late July 1964, a time of maximum
temperatures (19. 4°C) and near-maximum water clarity (Secchi = 1. lm).
The population remained high (500-600/m3) through fall and dropped to
values in the 20's and 30's in winter (Table 1).

Downstream, in polyhaline-marine waters (18 °/00 or more according
to the Venice System, Anonymous, 1958), Acartia clausi, A. longiremis,
and Psuedocalanus minutus were common. This community was never
found upstream of Chinook Point and was absent there during times of high
river flow. Seasonally abundant species included Oithona similis Fall-
Winter) Corycaeus affinis (Fall, 1963) and Evadne nordmanni (Fall, 1964).
This community was found consistently only during the Fall of the year,
when low river flow and higher tides combined to -make a maximum salt
intrusion. High bottom salinities indicated that it may have been present
in bottom waters on several dates when it was not recorded. The
very bottom water could not be sampled without filling the net with sand.
April 1965, with values normally averaging around 2 00/m3 (Table 1).
Analysis of Chinook Point fish stomach contents gave evidence that an
early spring bloom of Calanus occurred during both years of this study.
Unfortunately neither bloom was recorded by plankton sampling.

The oligo-mesohaline (0. 5-18 °/ ) Eurytemora hirundoides commun-
ity dominated in the estuary. It was found as far downstream as the
mouth of the river or as far upstream as Harrington Point, depending
on the stage of the tide and the amount of river flow. It was characterized
by few species and many individuals. Eurytemora generally made up
90-100 percent of the population, and densities were almost always in
excess of 1000/m3 (Table 1). Two population peaks were recorded
during the course of this study, one in late April (43, 364/m3 during the
24-hour study on April 30, 1964), and one in late July (15, 502/m3 on'
July 27, 1964). Figures 6 and 7show the close relationship between high
population density and presence of this community. Figure 6 shows
that Eurytemora predominated at Astoria whenever the surface salinity
was above 0. 3 At this station, the difference between the Eurytemora
population and the total population was made up of the fresh water
community. Figure 7 shows what was happening to the Eurytemora
population at the same time at Chinook Point, the more saline end of its
distribution. Here Eurytemora was often (but not always) the dominant
zooplankton whenever the surface salinity was between 0. 3 and 8 °%o.
At this station, the difference between the Eurytemora population and the
total population was mostly made up of polyhaline-marine species.



Table 1. Relative abundance of common zooplankton and total plankton/m3 at major stations.

Date 10/7 12/5 1/8 1/29 3/4 3/17 3/31 4/27 6 1 6/10 7T7 9/8 9/26 10/22 1/5 2/6 4 7 4/19 6/2
Harrington Point (H-1)

Fresh- Bosmina sp. 27% 9% 31% 12% 20% 9% 18% 32% 37% 2% 51% 5% 55% 11% 1% 51%

water Daphnia longispina 31% 30% 16% 24% 12% 6% 1% 20/0 16% 15% 24% 2% 8% 3% 12% 1% 8%

species Cyclops vernalis 19% 44% 31% 7% 48% 22% 34% 35% 28% 27% 10% 45% 71% 33% 37% 61% 66% 24% 25%

Oligo- Eurytemora hirundoides 4% 1%

haline Canuella canadensis 3% 1%
species

Total animals m3 Z3 49 594 53 74 71 700 698 538 228 36 7 24 36 17

Astoria (A-1)
Bosmina sp. 3% 8% 3% 3% 16% 2% 53% 1% . 2% 11% 2% 8110 1% 2% 41%

Daphnia longispina 23% 4% 15% 3% 1% 1% 4% 20% 1% 1% 2% 2% 1% 11%

Cyclops vernalis 2% 9% 2% 55% 23% 28% 2516 13% 170 6% 3% 3% 26% 17% 16% 20% 361a

Eurytemora hirundoides 52% 99% 73% 1% 10% 17% 7% 95% 74% 75% 94% 19% 50%
16%

Canuella canadensis 9% 6% 5% 2% 1% 17% 1% 3%

Total anirnals/rn3 29 28 258 147 * 15502 2961 2597 9750 14 15 104 96 81

Chinook Point (C-1)
Bosmina sp. + 9% + 1% 17% 12% 2% 3%

h i lD 3% 19% + 1% 17% 11% 1% 1% 1%ap n a oner
Cyclops vernalis 3% 21% + 1% 1% 1% 4% 11% 1% 1% 2% 4% 4%

Eurytemora hirundoides 40% 45% + 97% 99% 100% 98% 3% 57% 9% 2% 15% 94% 30% 59%

Canuella canadensis 1% + + 1%

Poly- Acartia clausi 6% 22% 15% 24% 18% 16%

haline A. longiremus 15% 4% 8% 7% 2%

species Pseudocalanus minutus 3% 63% 8% 43% 2% 17% 58% 26%

Calanus finmarchicus 1% 1% 6% 2% 2%

Oithona similis + 23% 9% 31% 8% 3% 1%

Corycaeus affinis 5% 1% 5% 1%

Evadne nordmanii 9% 3% 13% 3% 9% 1%a

Total animals m3 319 1215 11931 1659 62 236 252 210 302 56 49 422 240

"Not determined
+Less than 1%
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Following the January 1965 floods, plankton populations were much
smaller in both the fresh water and in the Eurytemora communities.
Table 2 shows a difference of three orders of magnitude between Spring
1964, and Spring 1965, Eurytemora populations. Oxygen, salinity,
and temperature conditions are too similar to cause the differences
(Figures 2, 4, and 5). A possible explanation is that the scouring action
of the flood greatly depleted the nutrients available to the plankton.
Unfortunately, no nutrient data are available.

Other Invertebrate Populations

Predominant benthic species at the Harrington Point (fresh water)
stations included the snail, Amnicola sp. ; the clam, Corbicula fluminea;
the polychaete, Neanthes limnicola; and the oligochaete, Enchytraeus
sp. ; the crayfish, Pacifasticus trowbridgii; the isopod, Mesidotea entomon;
the amphipod, C. salmonis; and immature insects. Newly hatched sand
shrimp, Crangon franciscorum, migrated here in early summer and were
abundant through fall, but migrated back into more saline waters in the
winter.

Major benthic species collected at Astoria included Mesidotea
entomon; immature Crangon franciscorum; the amphipod, Anisogammarous
sp. ; and the harpacticoid copepod tentatively identified as Canuella
canadensis. Salinity extremes (Figure 3) probably prevented formation
of a taxonomically richer community. Although these organisms were
not quantitatively sampled, otter trawls, midwater trawls and occasional
plankton tows contained many individuals.

Major benthic species collected at Chinook Point included Crangon
franciscorum (adults and immatures); the Dungeness crab, Cancer
magister; the isopod, Gnorisphaeroma oregonensis; and the clam,
Sphaerium sp. There, too, great salinity extremes may have prevented
establishment of a richer community.

Above mentioned species were all collected in trawls. An attempt
to collect more benthic species by dredging proved unsuccessful, though
many locations were tried.

Seasonal and salinity distribution of invertebrates collected in the
estuary is shown in Table 3. This list is incomplete, however. Even
though some species were collected only in certain seasons, they are
probably present throughout the year. Species found only in the stomachs
of euryhaline fish are not included in the list as no salinity limits could
be determined.



Table 2. Seasonal occurrence of common zooplankton measured in ave. #/m3 at the station of greatest abundance.

Salinity
Preference Organism Spring'64 Summer 64 Fall'64 Winter'64 Spring'65

Marine
Ctenophora:

Pleurobrachia sp. +

Fresh
Rotifera:

Brachionus sp. ***Fresh Asplanchna sp.

Marine
Chaetognatha:

Sagitta elegans +

Fresh
Cladocera:

Alona costata *** ;
Fresh Chydorus globosis
Fresh Diaphanosoma brachyurum
Fresh Ceriodaphnia quadrangula ***
Fresh Bosmina sp.
1' re s h Daphnia longispina **** ** **Marine Evadne nordmanii

Fresh

Copepoda:
Calanoida,:

Diaptomus sp.
Brackish Eurytemora hirundoides
Brackish Acartia clausi
Brackish A. longiremis
Marine Pseudocalanus minutus * *** *** ***Marine Calanus finmarchicus

Fresh
Cyclopoida:

Cyclops vernalis **** **** ***Marine Oithona similis *** **

Brackish
Harpacticoida:

Canuella canadensis

Fresh
Mysidaceae:

Neomysis mercedis
Marine N. kadiakensis

Fresh
Amphipoda:

Corophium salmonis , ** ** ** +
Brackish Anisogammarous sp. + *

Fresh
Insecta:

Chironomidae larvae + m

Total animals/m3

Explanation of symbols:-
3

0. 1 - 0. 9/m 1000. 0 - 9999. 9
1 . 0 - 9 . 9 10, 000. 0 - 99 , 999. 9

*' 10. 0 - 99.9 + but notpresent quantitatively analyzed
100.0 999. 9

4.x:4.

4.x=4. M4.

:4.4.

x4.4.,.

4.4.
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Table 3. Distribution of Columbia River invertebrates according to season
and salinity.

Season Salinity = Season
(fresh- (marine
water species)
species)

Classification Classification
(U

and . and
Q) Fresh Water Species d Marine Species o

° u0, d
14

v

(U -4
0 ::j

m
:j
tom ) ' -4 O N

Protozoa:
X X X Volvox sp. X

X X Systylus sp. X Coelenterata:
X X Aequoria sp. X
X X Aurelia sp. X

X X Chysaora melanaster x
Ctenophora:

X X Pleurobrachia sp. X X X X
Chae tognatha :

X X Sagitta elegans x X X X

Rotifera:
X Brachionus calyciflorus x X
X X B. plicatilus x

X X Asplanchna sp. X
X X X X Nematoda X

Annelida:
Oligochaeta:

X X X X Enchytraeus sp. X
Polychaeta: Polychaeta:

X X X X Neanthes limnicola x
X X X Neanthes brandti x X

X X Etone sp. X
X Goniada sp. X

Crustacea: Crustacea:
Cladocera: Cladocera:

X Leydigia acanthocercoides X
X L. quadrangularis x
X Monospilus dispar x
X Pleuroxis denticulatus x
X Tlyocryptus sordidus x
X X Eurycercus lamellatus x

X Alona quadrangularis x
X Ceriodaphnia quadrangula X
X Sida crystallina x

X X Diaphanosoma brachyurum X
X X X Alona costata X Xx
X X X X Chydorus globosis x
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Table 3. Continued

Season Salinity M Season

(fresh- (marine
water species)
species)

Classification + .4 0) Classification P

and 41
o . and

Fresh Water Species o
No

Marine Species I., V

m m
^'
w

>
3 -4

-4o
o 04

m c(n w

X Daphnia pulex x X X
X D. longispina x X X
X Bosmina sp. X x x

X X Evadne nordmanni x X
X Podon leuckarti x

X Ostracoda X
Copepoda: Copepoda:
Calanoida: Calanoida:

X X Diaptomus franciscanus x
X X D. ashlandi x
X X D. novamexicanus x
X X X Eurytemora hirundoides X X X

X X Acartia clausi x X
X X A. longiremis x X X

X X Pseudocalanus minutus X X X

X X Calanus finmarc icus X X
X Paracalanus parvus x
X Clausocalanus sp. X

Centropages
X mcmurrichi x

Cyclopoida: Cyclopoida:
X X Paracyclops fimbriatus x

X X X Cyclops vernalis X X X
X X Oithona similis x X X

X X Corycaeus affinis x x
Harpacticoida: Harpacticoida:

X Bryocamptus hiemalis x
x x X Canuella canadensis x X X x

X Cirripedia (larvae) X X x
Neba.tiaceae:
Epinebalia pugettensis x

Mysidaceae: Mysidaceae :
X X X X Neomysis mercedis x X X

X Neomysis kadiakensis X X X X

N. rayii x N

Acanthomysis

1 1
macropsis x X



'1 dihIe 3. Continued

Season
((resh-
\ater
species)

w

Clas sification
and

Fresh Water Species

Salinity

a)

0

a)

Cd

.c
0
a)

(U

r.
Q)

c

X

x

X

Gammaridae:
X X X X Corophium salmonis

Amphipoda:

X

6I

0

x

x
x

X X
X x

x X

X

Isopoda:
X Asellus sp.

X X X X Mesidotea entomon

IIII Decapoda:
X X X X Pacifasticus trowbridgii

X X X
x
x

x

X
x

X

X

Insecta:
Ch.rjonomidae
Ephemerellidae
Gerridae
Perlodidae
Plecoptera, unid

Arachnida:
Hydracarina

Mollusca:

X
x

x
x x

X
x

x
x x

x

X

x

x

X

xx

x
x
x

X X
Gastropoda:

X X X X Amnicola sp.
X Pleurocera sp. X

X

Classification
and

Marine Species

A rchaeomysis
grebnitzkii

E uphausiaceae :
Thys anoe s s a longipes

Amphipoda:
Hyperidae

Gammaridae :

Corophium spinicorne
Anisogammarous sp.
Ampithoe sp.
Paraphoxus mil.leri

Isopoda:

Gnorisphae roma
oregonensis

Decapoda:

Crangon franciscorum
C. nigricauda
Cancer magis to r

Mollusca:
Cephalopoda:
Loligo opalescens

Gastropoda:

Season
(marin,
species.

s4

-4

04
U) w

x

U)

x x x

X

X
x

X

x

X

x

X

x
x x
x X

x
x XX

x x x

X
x

X
x
x

x
x

x x

X Nassarius sp.

a)



Table 3. Continued 21

Season Salinity Season
(fresh- (marine
water species)
species)

v o

$4 Classification y 1-4 .- Classification
to y and o o 4 and

-4
-' 4 Fresh Water Species

(D

o
Marine Species .4

:JCL
rn m w

-
3 o a ai m cn w 3

Pelecypoda: Pelecypoda:
X X X X Anadonta sp. X
X X X X Corbicula fluminea x

X X Sphaerium sp. X X X X

*Limnetic 0-0.5 ° Spring 3/4-4/30
Mixohaline Summer 6/1-7/30

Oligohaline 0. 5-5 Fall 9/8-11/5
Mesohaline 5-18 Winter 1 1/22- 3/4
Fblyhaline 18-30

E uhaline 30+ °/O°

.-I
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Salinity tolerances given in the list are conservative estimates. That
is, saline limits of fresh water species are based on surface salinities,
and fresh water limits of marine species are based on bottom salinities.

Fish Populations

Salinity Distribution. Table 4 lists the fish species collected in
the otter and midwater trawls and gives a conservative estimate of the
salinity distribution found during the course of this study. This is not a
complete list of species found in the estuary, as only three locations
were regularly sampled. Also, rapid-swimming species were undoubted-
ly able to evade the nets.

The bulk of the catch at all stations was made up of euryhaline
species. In this group, the most common were the starry flounder,
prickly sculpin, staghorn sculpin, longfin-smelt, Pacific tomcod, and
Pacific snakeblenny. Of these, only one, the prickly sculpin was of
fresh water origin.

Large numbers of very young starry flounder (0 and I year class)
were normally caught upstream in fresh water. These young were
infrequent in waters of high salinity where occasional adults of the species
were captured. Fish older than 2-1/2 years were seldom caught in the
upper estuary (Figure 8). Whether this was due to emigration, mortality,
or ability to avoid the trawls cannot be proved. It is quite likely however,
that this species used the upper estuary as a nursery ground for its young.
Many authors have reported this behavior in pleuronectid and other fishes
(Gunter, 1957; Pearcy, 1962; Orcutt, 1950; and Ketchen, 1956).

The greatest number of species of fish were consistently taken in
waters of oligo-mesohaline salinities. This was true, whether these
waters were found at the Astoria station, as they were in the fall of both
years, or the Chinook Point station, as they were throughout the other
seasons (Figures 2 and 9). This corresponded well with the areas of
large plankton populations, as these stations were often also the site of
the large Eurytemora blooms. Unfortunately, data on relative abundance
of fish is not available since' trawls were not quantitative.

Results from the 25-hour study made on April 29-30, 1964,
showed that at any one location, fish species composition depended, to
some extent on the stage of the tide. Table 5 shows that at one location
(Station A-1) fresh water species were taken at the lower tides only, and
marine-brackish species at the higher tides only.
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Table 4. Fish species collected in otter and midwater trawls with estimate
of salinity distribution.

Species

Peamouth
Largescale Sucker
Riffle Sculpin
White Sturgeon
Chinook Salmon
Threespine

Stickleback
Prickly Sculpin
Starry Flounder
Pacific Staghorn

fresh oligo meso poly
water haline haline haline marine

Mylocheilus caurinus
Catostomus macrocheilus
Cottus gulosis
Acipenser transmontanus
Onchorhynchos tschawytscha =k

Gasterosteus aculeatus
Cottus asper
Platichthys stellatus

Sculpin Leptocottus armatus
Longfin Smelt
Eulachon
Surf Smelt
American Shad
Pacific Lamprey
Pacific Tomcod
Pacific Snakeblenny
Shiner Perch
Sand Sole
Showy Snailfish
Northern Anchovy
Lemon Sole
Whitebait Smelt
Arctic Smelt
Pacific Sand Lance
Blacktip Poacher
Buffalo Sculpin
Pacific Sandfish
Spiny Dogfish
Longnose Skate
Pacific Hake
Blackmouth

Rockfish

Spirinchus dilatus
Thaleichthys pacificus
Hypomesus pretiosus
Alosa sapidissima
Lampetra tridentata
Microgadus proximus
Lumpenus sagitta
Cymatogaster aggregatus
Psettichthys melanostictus
Liparis pulchellis
Engraulis mordax
Parophrys vetula
Allosmerus elongatus
Osmerus dentex
Ammodytes hexapterus
Xeneretmus latifrons
Enophrys bison
Trichodon trichodon
Squalus acanthias
Raja rhina
Merluccius productus

Sebastodes crameri

=;c
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FIGURE 9. SEASONAL AVERAGE NUMBERS OF SPECIES OF FISH
TAKEN AT MAJOR STATIONS IN THE COLUMBIA RIVER ESTUARY.



Table 5. Numbers of each fish species taken at Astoria at different stages of the tide.

Specie s

Largescale Sucker
Columbia River Chub

Columbia River Smelt

Surf Smelt

Prickly Sculpin
Staghorn Sculpin

Starry Flounder
Longfin Smelt

Lamprey Eel
Shiner Perch
Pacific Snakeblenny

Catostomus macrocheilus

Mylocheilus caurinus
Thaleichthys pacificus

Hypomesus pretiosus

Cottus asper
Leptocottus armatus
Platichthys stellatus
Spirinchus dilatus
Lampetra tridentata
Cymatogaster aggregatus
Lumpenus sagitta

Salinity
Preference

Fresh

Fresh

Migratory
Migratory
Fre sh-brackish

E uryhaline

Euryhaline

Euryhaline

Migratory
Brackish-marine

Brackish-marine

Height of the tide
-. 02 2. 8 6. 8 8.6

* 1 M

.1
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Reproduction. Table 6 lists the approximate time of spawning
for the common species as determined by collection of females with
ripe eggs and identifiable post-larvals and early juveniles. Only two
common species were found to spawn in the fall: the longfin smelt, and
the Pacific snakeblenny. The longfin smelt also spawned in the spring.

Several species were present in the estuary only at certain
stages of their life.cycle. These included the shad (winter), the Columbia
River smelt (winter-spring), the Pacific lamprey (January-July), and of
course the salmonid fish which were not sampled by this program.

Food Habits. As Table 7 shows, most of the fish species analyzed
in this study consumed a wide variety of type of prey. However, usual-
ly the bulk . of the food was made up of only a few prey species.
Figure 10 shows the major types of food consumed by each fish species,
and again, for 1 or 2 species. For example most of the amphipods
consumed in fresh water were Corophium salmonis, and most of the
amphipods consumed in brackish-saline waters were Anisogammarous
sp. All of the mysids consumed in fresh water were Neomysis mercedis
and most of the mysids consumed in brackish to salt water were
Archaeomysis grebnitzkii. Most of the copepods consumed in fresh
water were Cyclops vernalis; in brackish to salt water they were
Eurytemora hirundoides and Calanus finmarchicus. In waters of all
salinities, the sand shrimp Crangon franciscorum was the most common
decapod consumed. Rapid digestion made identification of polychaetes
difficult, and as a result, few were identified. "However, it is probably
safe to assume that most of the polychaetes taken in fresh water were
Neanthes limnicola. In all salinities the longfin smelt was the most
common fish consumed.

Figure 10 gives an indication of the three major types of food
habits found in estuarine fishes. Snakeblennies, smelt and very young
flounder juveniles were apparently plankton feeders, eating large
quantities of copepods. Larger flounder juveniles, prickly s culpins ,
younger staghorn sculpin, and sturgeon were apparently primarily benthic
feeders, eating mostly amphipods and polychaetes. Older staghorn
sculpin and sand sole ate primarily fish. Tomcod are hard to classify
as they ate all types of food. Even so, a difference in food habits was
noted with increasing size. Older tomcod ate more fish and decapods
(shrimp and crabs), whereas younger fish ate a high percentage of
smaller crustacea, especially copepods and amphipods.

Pronounced seasonal differences were found in the diet of most
fishes. In many cases this probably represented the availability of the
various prey species. For example, during the high, late-spring
plankton populations of 1964, the copepod, Eurytemora hirundoides made



Table 6. Time of Spawning of Common Fish Species.

Species J F M A J J S 0 N D

Prickly sculpin Cottus asper
ry: 1 J. J.

Pacific staghorn sculpin Leptocottus armatus

Starry flounder Platichthys stellatus

Longfin smelt Spirinchus dilatus

Eulachon Thaleichthys pacificus

Pacific tomcod Microgadus proximus

Pacific snakeblenny Lump enus sagitta

Pacific lamprey Lampetra tridentata

.4r

:r ' 'ice 1

1` m

4.

Yellow eggs
Post larvals and young juveniles
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Table 7. Results of fish stomach content analysis given in percent volume of
each item.

od Items
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0 r+
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to0 0
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rn

Nematoda +
Annelida

Polychaeta, Unid. 13 11 6 15 11 7 2 9 9 12

Neanthes limnicola 16 + 1

N. brandti 2
(?) Hespernoe

complanata 1

Etone sp. + +

Oligochaeta, Unid. + 1 -
Enchytraeidae - +

Arthropoda
Crustacea, Unid. 1 + - +

Ostracoda, Unid. + + +

Cladocera
Alona costata - +

Sida crystallina
Diaphanosoma

brachyurum - +

Ce riodaphnia
quadrangula +

Daphnia
longispina + 2 + +

Bosmina sp. +

Copepoda, Unid. + - 3 1

Cyclops ve rnali + 49 1

Canuella
canadensis 5 + 8 12 + 2

Eurytemora h
hirundoides 5 35 - 13 13 2 1 13

Calanus
finmarchicus 2 29 + 5 + 21 2 2 9

Pseudocalanus
minutus 2 2 + +
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Table 7. Continued

Food Items

Cumacea, Unid.
Mysidacea, Unid.

Neomysis
mercedis

N. rayii
N. kadiakensis
Adanthomysis

macropsis
Archaeomysis

grebnizkii
Amphipoda, Unid.

Corophium sp.
C. salmonis
C. spinicorne
Aniso ammarou
Parophoxus

mille ri
Ampithoe
Hyperidae, Unid

Isopoda, A.
Asellus sp.
Mesidotea

entomon
Gnorisphae roma

oregonensis
Livoneca

vulgaris
Euphausiaceae

Thysanoessa
longipe s

Decapoda
Pacifastacus

trowbridgii
Crangon sp.
C. franciscorum
C. nigricauda
Callianassa

califo rniensis
Scleroplax

g ranulata

+
43

+

55
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o CD '
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CD CD

12

11
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+
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+
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+
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17
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15
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+
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1
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+
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+
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3 + 7 5 2 4
- 3 2

+ + 3

1 + +

+ 9 + 5 6

+ +

+
+

+ - +

4 5 2 7 7 2 19 3

+ + 1 + 1 2 3

+ +

+

+ +

+ 2 + 4 4 1 3

+ + +
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Table 7. Continued

ood Items
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Cancer magister 1 7 + 1

Cancer megalop + + 2 1 +

Insecta, Unid. + +

Ephemeroptera
Heptageniidae + 2 1

Ephemeridae + +

Ephemerellidae + + +
Piecoptera, Unid.

Perlodidae 2

Chloroperlidae +

Coleoptera, Unid. +

Diptera, Unid. +

Chironomidae
larvae 2 1 7 1 + + 2 +

pupae + 3 + 17

Sipunculata, Unid. + +

Mollusca
Gastropoda

Amnicola sp. + +

Pelycepoda
Corbicula fluminea 3 3

(?) Sphae rium s p. + + + 1

Chordata
Pisces Unid. 4 2 + 22 18 37 2 9 43 2

Lampetra tridentat 2

Spirinchus dilatus 3 11 + 1 17

Thaleichthys
pacificus 3

Engraulis mordax 2 3 1 5

Platichthys
stellatus +

Parophrys vetula +

Microgadus
proximus + 2 3

Lumpenus sagitta +

Cymatogaster
aggretta 1

Cottus asper 5

fish eggs + +

,"S
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Table 7. Continued

Cn b ZCn 0Cn mot" '- or'
U-1 b (D G

75' ' `C M to 0
+

0 Z1 0 0 + n 0 0

En M C/1 C> (D

Food Items 0 0
m m N

CL Q
(D M (D
I

Plant material 5 2 3 5 1 6 4 1 5 3 5
Stones and Sand 1 + 1 + 1 1 1 1 1 2
Unidentified 4 4 7 3 9 6 4 3 24 6 5 10 9

# of fish analyzed 22 45 36 821 25 370 75 152 85 178 48 75 122
(including emptys)

% Empty stomachs 0% 7% 14% 62% 4% 32% 116% 10% 6% 0% 0% 7% 8%

A

up a large part of the diet of many fish which do not normally eat copepods.
Table 8 shows two species, starry flounder and Pacific tomcod, in which
this was true. In both cases, this was not true in Spring 1965, undoubtedly
because the Eurytemora populations were much lower (Table 2). Table 8
does show an abundance of Calanus finma.rchicus in the Spring 1965,
indicating that a bloom of that species n' y have occurred. (Qualitative
stomach analysis in Spring 1964, also indicated an early spring Calanus
bloom. ) Other food species seasonally abundant in stomach analysis
included: Crab megalops (probably Cancer magister) in tomcod stomachs,
(July 1964), juvenile sand shrimp (Crangon franciscorum) in Harrington
Point prickly sculpin (Summer 1964), very young clams (Corbicula fluminea)
in Harrington Point starry flounder (Summer 1964) and sipunculate worms
in lemon sole stomach contents (February-March 1965). Staghorn sculpin,
prickly sculpin (Table 8), and tomcod (Table 8) all consumed larger
percentages of polychaetes during the winter months. As polychaetes
were presumably present throughout the year this may have been because
of the scarcity of the other foods.

All seasonal differences may not have rei)resented availability of
food. For example, the diet of both starry flounder and prickly sculpin
is made up of about 50 percent Corophium salnzonis (Table 9). However,
as Table 9 shows, starry flounder food consumption all but stops during
the winter (90 percent empty stomachs) whereas sculpins continue to eat
(though less than in other seasons). Also, scu.ipixi consume their peak
amounts of Corophium during the summer of the year, while flounder
consume most during the summer and the fall.

0
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Table 8. Seasonal Food Preferences of Three Common Fish Species.

Fish Species Analyzed and Age Group
Spring Summer

Season
Fall Winter Spring

1964 1964 1964 1964 1965

Starry Flounder Station* A H H H H
. 5-2. 5 years Number of fish examined

Major food items: (% volume)
65 48 124 174 126

Polychaeta 17% 15% 21% 29%
Eurytemora hirundoides 66%
Corophium salmonis 25% 58% 77% 72% 34%
Corbicula fluminea 21% 4%

empty stomachs 51% 29% 22% 900/0 44%

Prickly Sculpin Station A H& A H& A H& A H& A

All ages Number of fish examined
Major food items: (% volume)

14 54 58 111 101

Polychaeta 2% 15% 20% 5%

Corophium salmonis 42% 38% 57% 34% 82%

Anisogammarous $p. 17% 5% 2% 9% 5%

Mesidotea entomon 16% 2% 4% 1%

Crangon franciscorum 20% 5%

.Lampetra tridentata 8% - 2% 2%

% empty stomachs 0% 11% 7% 12% 1%

Pacific Tomcod Station
Number of fish examined

C C C C C

Major food items: (% volume)
Polychaeta 2% 5% 16% 5%

Eurytemora hirundoides ++ 15%
Calanus finmarchicus ++ 33%

Anisogammarous sp. ++ 37% 1% 9% 12%

Archaeomysis grebnitzkii ++ 11% 37% 34% 16%

Crangon sp. 9% 14% 2%

Fish 4% 19% 10% 6%

empty stomachs 1% 3% 0% 0%

-- Abundant but % volume not determined
=r H-Harrington Point, A-Astoria, C-Chinook Point
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Table 9. Seasonal consumption of Corophium salmonis by Prickly
Sculpin and Starry Flounder.

Spring Summer Fall Winter Spring
1964 1964 1964 1964 1965

Corophium salmonis
(A) (HP) (HP) (HP) (HP)

(ave ##/fish)
(all ages) Sculpin 19. ,7 7. 8 8.9 3. 5 21.9
(0 & I yr) Flounder 1.3 2.9 3. 6 + 1.0.

% Empty Stomachs
(all ages) Sculpin 0% 11% 7% 12% 1%

(0 & I yr) Flounder 51% 29% 22% 90% 44%

Number Fish Examined
Sculpin 14 54 58 111 101

Flounder 65 48 124 174 126

+ = less than 0. 1

Conclusions

The large tidal range characteristic of the Pacific coast and the
great variations in amount of flow characteristic of the Columbia River
combine to make the Columbia estuary a greatly and rapidly changing
environment. As a result, the organisms abundant in the- estuary are by
nature euryhaline. However, true fresh water species are collected far
downstream at times of high river flow and low tidal velocity undoubtedly
because the surface waters remain fresh. At the same time and the
same place, true marine species may be found in the saline bottom
waters. However, even with high river flow, this is an unstable situation
because of the energy for mixing provided by the high tidal range that
follows the daily lower low tide.

The greatest productivity is probably found in the fresh to meso-
haline waters that characterize the central portion of the estuary.
Plankton populations in these waters are normally made up of large
numbers of Eurytemora hirundoides; few other species are found. A
variety of euryhaline fish are also found in these waters, possibly larger
numbers than are found either upstream in fresh waters or downstream
in polyhaline waters.
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At least two marine species may be using the upper estuary as
a nursery ground for their young. Juvenile starry flounder appear to
remain in the upper estuary until they are 2 to 2-1/2 years old. Juvenile
sand shrimp remain only one season, arriving in fresh water around June
or July and leaving around November or December.

Stomach analysis shows a variety of food habits in the fish examined.
Although all species examined consumed many kinds of prey, one to
several prey species or types made up the majority of most diets.
Crustaceans made up the bulk of the diet of most fish.

Many areas of research need to be further pursued in order to
understand the complex biology of the estuary. Nutrient levels and phyto-
plankton populations were not touched by this study. Zooplankton popula-
tions need to be sampled more frequently and at different depths. If
possible, fish populations should be quantitatively sampled. More stations
should be selected and sampled. With increasing knowledge', the presence
in the estuary of equilibrium levels of radionuclides can and should be
used as a tool to understand biological processes. In turn, biological
information can contribute to understanding and ability to predict the
fate of radionuclides in the estuary.
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B RADIOECOLOGY IN THE COLUMBIA RIVER ESTUARY

L. Haertel and C. Osterberg

Procedures

Samples for radioanalysis were collected approximately once a
month from three locations in the estuary: Harrington Point, Astoria,
and Chinook Point. Methods of collection and preservation were
described in the section on the biology of the estuary. Samples were
prepared for radioanalysis by first drying and then ashing at 600°C.
Small 'samples were not ashed.

Three major types of samples were prepared: plankton, inverte-
brates, and fish. Plankton samples were made up of the material collected
in the plankton tow. Samples collected in fresh water contained quantities
of wood fibers as well as planktonic animals and plants, all of which were
radioanalyzed together. Wood fibers were not present in the samples
collected in brackish or saline water. Small invertebrates were analyzed
whenever enough of one species was collected at a time. Larger inverte-
brates which were consistently analyzed included the sand shrimp,
Crangon franciscorum, and the Dungeness crab, Cancer magister. The
latter was dissected into gills, meat, shell, and internal organs. "Internal
organs" was later divided into false shell, hepatopancreas, gut contents,
and the remainder. Fish samples were originally dissected into gills,
internal organs, "and the remainder. Later, "the remainder" was sub-
divided into (1) meat and bone and (2) skin and head. This provided a
sample that was entirely free from surface contamination, whether it
be on the skin, in the gut, or on the gill surfaces When large enough
specimens were captured, livers and gut contents were also separately
analyzed. Ripe eggs and sperm were analyzed separately whenever
present in large enough quantities.

After fish stomach analysis had been carried on for several
months, it became obvious that within a single species, fish of different
size and age groups had differing food habits. For this reason, fish of
different size and age groups were analyzed separately. Size groupings
for radioanalysis corresponded closely to those used for stomach analysis.

To date nearly 2000 samples have been prepared and counted.
About 500 of the resulting spectra have been analyzed by spectrum
stripping techniques to yield the amount of each radionuclide present in
the sample. The remaining spectra are being processed as time permits.
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Because most of the spectra have not yet been reduced to pc/gm
values, no final conclusions should be drawn. However, certain interest-
ing phenomena have shown up. Spectra of four plankton tows, taken at
four different stages of the tide at Astoria on April 29-30, 1964, are
shown in Figure I. Spectra are similar in that most contain manganese-54
scandium-46 in addition to zinc-65 and chromium-51. Trawls A and C are
both made up almost entirely of the copepod Eurytemora hirundoides,
whereas trawls B and D are principally composed of wood fibers, with
Eurytemora making up only a small amount of the bulk. In spite of the
great difference in composition of the samples, no pronounced differences
separate spectra A and C from B and D.

Figure 2 gives the amount in pc/g of six radionuclides in plankton
tows taken at the two Harrington Point stations. It shows that values of
all six nuclides increase and decrease (usually) together. It also shows
that values are low in June 1964, a time of very high river flow and high
in September 1964', a time of low river flow. These two characteristics
indicate that radionuclide values in plankton tows at this station (the upper
limit of salt penetration) are strongly influenced by dilution. In Figure 3.
Astoria plankton values are similarly plotted. Here, however, radio
nuclides appear to vary more independently of each other. This is not
at all surprising, since salinities vary greatly from high to low tide
causing much tidal mixing and the possibility of chemical changes.

Figure 4 shows the spectra of commercial crab shells at different
stages of the molt cycle. Table 1 gives the amount of each in the two
samples. Similar results were obtained on four other occasions when
soft and hard shells were separately analyzed. Investigations are now
underway to determine radionuclide levels in other crab organs associated
with these changes, which appear to be of a physiological nature.

Table 1. Amounts (pc/g) of radionuclides in hard and soft
shell crabs. Chinook Point, 9/8/64.

Hard Shell Soft Shell

Mn-54 14 0

Zn-65 27 119
K-40 8
Sc-46 3 0

Co-60 4 5

-k not measured
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FIGURE 1. SPECTRA OF UNSORTED PLANKTON TOWS AT FOUR STAGES OF THE
TIDE. SPECTRUM A WAS COUNTED ON TOP OF A SOLID DETECTOR WITH PLASTIC
BETA SHIELD TO REDUCE BREMSSTRAHLUNG. OTHER SPECTRA WERE COUNTED
IN THE WELL OF A 5 X 5-INCH DETECTOR. NOTE "SUM PEAK" DUE TO SCANDIUM-46.
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Tables 2 and 3 show levels of radionuclides obtained in different
organs of fish. High zinc-65 levels in ripe eggs (staghorn sculpin, Table
21 ) were found in fish eggs (sculpin and snakeblenny) on other dates.
Table 3 also shows radionculide levels at the different stations sampled,
and in different age classes of fish. Even in the meat and bone samples,.
which should have no possibility of surface contamination, radionuclide
levels were generally higher in newly arrived, 0 year class fish. This
was especially true later in the fall (Table 4 ). At this time, the 0

Table 4- Zinc-65, chromium 51, and potassium-40 content
of meat and bone in different age groups of starry
.flounder, Harrington Point, 10/22/64. (pc/gm
dry weight)

Class Znb5 Cr51 K40

0-year 116 126 17

I year 85 69 14

II year 45 24 11

year class fish had been present in the upper estuary for at least five
months and were probably in better equilibrium with the environment.

Table 5 shows meat and bone radionuclide levels at different
dates in three common fish species. No explanation can yet be given
for differences in levels in flounder from 7/64 to 9/64, as both dates
were times of low river flow and high food consumption. Also hard to
explain is the great difference in chromium-51 levels between prickly
sculpin and starry flounder. Both species were found in the same
locations and ate primarily Corophium salmonis (Table 1 , section on
biology). Starry flounder is the only fish species in which chromium-51
was consistently found in meat and bone samples.

One important radionuclide in the estuary is not being analyzed in
our program, although its presence is reflected in badly distorted spectra
(Figure 5 ). The bremsstrahlung from phosphorus-32 in some freshly
collected samples makes gamma-ray analysis impractical, pending decay
of the beta emitter.

It is our understanding that studies of phosphorus-32 are being
undertaken by the University of Washington. If not, it seems imperative
that somebody undertake this urgent task.



Table 2. Zinc-65 content (pc/g) in different internal organs of euryhaline fish, Astoria, 3/4/64.

Internal Organs
heart

gill cleaned washed washed pyloric sinus
stomach intestine caeca venosis

total
liver kidney spleen eggs sperm internal

organs

Pacific tomcod
Microgadus proximus

78 34 129 201 134 84 43 148 78 84

Staghorn sculpin
Leptocottus armatus

81 42 98 122 134 114 144 186 -145 249 85

Prickly sculpin
Cottus asper

57 41 m m r 116

Starry flounder 146 42 m r r m 134
Platichthys stellatus

- not analyzed



Table 3. Zinc-65 and chromium-51 content (pc/g) in starry flounder on July 27, 1965.

Gill " Cleaned" Internal
Meat
and

Bone

Skin
and
Fins

Head
Organs

Harrington Point:
New-0 year class Zn-65 683 159 292 377 345

Cr-51 1044 314 697 1337 1133

I-II year class Zn-65 365 110 313 271 22
Cr-51 698 383 1749 1262 1580

Astoria:
I-II year class Zn-65 82

Cr-51 140

Chinook Point:
I-II year class Zn-65 83

Cr-51

Adult (V+ years) Zn-65 33 12 25 24
Cr-51 m m m

All samples were analyzed three Cr-51 half lives.after collection: Chinook
Point values were too low to be accurately measured at this time.
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Table 5 . Radionuclide levels in fish meat and bone samples at different
seasons..

1/29/64 7/27/64 9/8/64 2/6/65
Starry flounder

Platichthys stellatus (HP) 0 yr. Zn 121 159 134 121
Cr 126 314 84 86-

K 11 0 0 16

1 yr. Zn 110 88 77
Cr 383 114 69
K 0 14 13

Starry flounder
Platichthys stellatus (Ast) 1 yr. Zn 88 82 79 95

Cr 11 140 66 56

K 7 10 15 10

Prickly sculpin
Cottus asper (H) 0 yr. Zn 53

Cr 0

K 6

1 yr. Zn 53 58
Cr 0 2

K 13 17

(Ast) 1 yr. Zn 21

Cr 3

K 14

Pacific tomcod
Microgadus proximus (CP) II yr. Zn 33 20

Cr 0 1

K 9 14
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FIGURE 1. APPARATUS USED IN EXPERIMENT 1
FOR SOLVENT EXTRACTION OF DISSOLVED ORGANICS
FROM WATER.
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C. DISSOLVED ORGANICS

John Cronin and Charles L. Osterberg

On two occasions we have carried out solvent extraction of
large volumes of natural waters for the removal of dissolved organics
contained in solution.

The first effort was made at Astoria in August 1964, and will
be referred to as Experiment 1. The second study (Experiment 2) was
made of water containing more sea water. This test was made May 11-14,
1965, aboard the. lightship COLUMBIA, anchored about 9 miles southwest
of the south jetty at the mouth of the Columbia River. Since slightly
different techniques were used on each occasion, the experiments will
be described separately. This work is a part of the thesis research
program (Cronin's) in progress, and a final report must necessarily
await the completion of the thesis.

1. Estuarine Waters -- Experiment 1

Surface water from the Columbia River estuary was pumped
through 10. 5-inch membrane filters (0. 45µ) with glass fiber prefilters
(Gelman Instrument Co.) into 55 gallon drums for processing. Each
40 gallon sample of filtered water was adjusted to a pH of 3 and then
extracted with 5 gallons of specially purified (i. e. reagent grade ether
which has been washed with concentrated H2SO4 and distilled water)
petroleum ether (30 to 600 C range). Each 40 gallon sample was
extracted three times, using 5 gallons of ether each time.

Extraction was carried out on the dock at Astoria, Oregon,
using the apparatus pictured in Fig. 1. Stirring was done manually
with a series of three perforated discs, each with a diameter 1-inch
less than the inside of the drum. To stir, the operator stood on top
of the drum and forced the perforated discs up and down through the
water-ether mixture.

The balance of the operation was carried out in the chemistry
laboratory of Clatsop College, Astoria, Oregon. After use, the ether
was brought to the laboratory where two high speed condensors were
set up for continuous redistillation of the solvent (Fig. 2). For
distillation, the solvent was heated to 450 C under a pressure of 2-3 mm
Hg.
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Using this system, we obtained approximately 3 liters of
dissolved organics from 540 gallons of estuarine waters. This was
further reduced to 2 liters, using the better low temperature vacuum
distillation apparatus available at our Corvallis laboratory.

The two liter sample was mixed with 10 grams of polyvinyl
pyrrolidine (PVP), whichhas an affinity for phenolic groups. The
PVP was filtered out on a 0. 45 ti metricel membrane filter which was
then placed in a 12 cc counting tube. The tube was analyzed in the
well of a 5 X 5-inch detector. The original spectrum is shown in
Fig. 3. Peaks 2 and 4 have been positively identified as Cr 51 and
Zn 65, respectively. Based on half-life studies carried out from
September 1964 through June 1965, peaks 1 and 3 have been tentatively
identified as Hf 175 and Rb 83. It should be pointed that our laboratory
tests show that petroleum ether can extract about 14% of the Zn 65 from
an aqueous solution in,the absence of dissolved organics, Corrections
can be made for this effect.

The PVP is being subjected to further tests for radioactivity
using the sophisticated equipment developed by R. W. Perkins at
Battelle Northwest. The extract from experiment 2 will be analyzed
similarly at Hanford,

To check for fatty acids (reported in seawater by Williams,
Slowey, Hood, and others), a portion of the extract was evaporated
to dryness and methyl esters were prepared using boron trif luoride
in methanol. These derivatives were analyzed with an Aerograph
gas chromatograph,

Another portion of the extract was back extracted in an aqueous
solution of 15% sodium bicarbonate. The resulting solution was extracted
with diethyl ether and esters were again prepared. The same peaks
were found with the gas chromatograph,

A third portion of the extract was treated to form esters, and
subsequently taken up in chloroform for analysis with a Beckman IR-5.
The presence of esters was confirmed.

The research to this point has been carried out in Corvallis,
However, further analysis is now under way at Battelle Northwest by
Mr. Cronin.
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FIGURE 3. SPECTRUM SHOWING CHROMIUM-51
(2) AND ZINC-65 (4) IN DISSOLVED ORGANICS
FROM. THE COLUMBIA RIVER.
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2. Oceanic Waters - Experiment 2

Two, 160 gallon epoxy-coated tanks, designed for coprecipitation
experiments, were used to extract dissolved organics from sea water
in 140 gallon batches. The tanks were set up on the USCG lightship
COLUMBIA on 11 May 1965, having been transported from Astoria to
the lightship by the USCGC MALLOW. The tanks, three 55 gallon
drums of petroleum ether, the glass distillation gear, and assorted
glassware and reagents were ferried from the MALLOW to the
COLUMBIA in small boats from Point Adams and Cape Disappointment
Life Boat Stations. Surprisingly, no glassware was broken en route.

The experiment was completed 14 May, and the samples and
scientists were taken to Pt. Adams by small boat. Larger gear was
removed at Seattle three weeks later when the vessel came into port.

Procedure differed somewhat in that air was used to mix the
filtered sea water and purified petroleum ether. This technique, while
much more practical on a rolling ship than mechanical stirring, caused
a considerable loss of ether by volatilization. However, 1100 gallons of
sea water were extracted in this manner.

The distillation apparatus was set up in the "hobby shop" of the
ship, and, as in experiment 1, operations went on around the clock.

The concentrate from this station did not appear to contain any
radionuclides, but will be reanalyzed at Battelle-Northwest by Perkins,
since his detectors are about two orders of magnitude more sensitive
than ours.

The dissolved organics from both experiments are currently
being analyzed in Dr.. Burger's lab in Battelle -No rthwe st, where
Cronin is. carrying out thesis research under an AEC summer fellowship.
The concentrate is being divided in an "Autoprep" gas chromatograph.
Portions of. the concentrate are put into a chromatograph, which feeds

selected fragments into a mass spectrometer. Certain portions are also
being checked for protons by NMR. The identification of the major
components, in the dissolved organics will be a principal objective of

Mr. Cronin's summer fellowship.
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D LARGE VOLUME CHEMISTRY

1. Shipboard Chemistry of Large Sea Water Samples

John Cronin and C. Osterberg

Experimental

Because it is generally desirable to remove "particulates" from
sea water before radioanalysis, a PVC filter holder with 10. 5-inch: fil-
ters (0. 45 ti pore size) and glass fiber prefilter (Gelman Instrument Co. )
were used. Some experimentation was needed to find a pump suited to
forcing.water through the filters. Low rate of flow and metallic compon-
ents (such as cast iron impeller) favor the loss of trace radionuclides
by adsorption to surfaces of the pump. To avoid these losses we chose
a submersible pump with high pressure, high volume, and plastic im-
pellers (Jacuzzi Pump Co. ). This filter and pump combination was
entirely satisfactory, even at depths of 50 m - the present limit of our
wire and hose, but not the limit of the pump.

Filtered water is placed into one or two 170-gallon tanks for
chemical treatment. Each tank consists of three 55-gallon drums welded
end to end. A 10-inch deep cone forms the bottom of the tank. A special
fitting in the apex of the cone plays two roles: it allows the attachment
of an air hose so that air can be bubbled through to stir the tank's
contents, and it has a valve for draining off the precipitate which settles
to the bottom (Figure 1). The tanks are treated with six coats of inert
epoxy paint, (KEM CATI-COAT enamel, by Sherwin Williams), inside
and out.

Go-precipitation was accomplished by routine techniques, using
FeCl3 and NH4OH*. Separan NH 10 (Dow Chemical Corp.) was added to
promote flocculation. Efficacy of the rising air bubbles as a stirring
mechanism was apparent from the speed with which a uniform pH (9. 5)
was attained at top and bottom of the tank, after addition of the NH4OH.
The precipitate settled rapidly after the air was shut off, and within 1-3
hours was concentrated in the lower portion of the cone. No flocculent
material was visible elsewhere in the tank even when seas were adverse.
After discarding the bulk of the water, the precipitate was mixed
thoroughly with residual water (using a jet of air), and drained into a
13-gallon plastic jug. The volume, generally less than 10 gallons, was
further reduced to about 2 gallons by successive decantings, after
appropriate periods for settling. Much credit for the success of the
seaboard operation must go to Separan, which greatly reduced settling
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time. Precipitates from thirty 150-gallon samples were obtained in
five days, and much of this time was lost traveling between stations.

In the clear, 'blue, open-ocean water off southern California, the
filter showed no signs of clogging after 300 gallons were pumped into
the tanks. The outlet was then attached to a water meter and allowed
to run until the filter clogged enough to drive the pressure up to 95
pounds per square inch. About 1200 gallons of water passed through
the filter before this pressure was reached. In coastal water clogging
occurred more quickly, but a 300-gallon sample never required more
than two filters.

Two kinds of data resulted from these experiments. The filters
retained particulate radionuclides, and those associated with phytoplankton,
clay particles, etc. ; the precipitate scavenged certain trace metals
from solution, including those elements attached to the particular dis-
solved organics removed in this process.

Filters were processed by soaking in alcohol and burning in an
open flame, before ashing a 440°C. Residual material was packed into
a 12 ml plastic tube for counting in the well of a 5 x 5-inch NaI(T1)
detector. Subsequent radioanalysis was carried out with ND-130 AT 512
channel gamma-ray spectrometers.

Discussion and Results

The tall, slim tanks (nicknamed Tex's Towers, in deference to the
first author) were extremely sea-worthy. No material was lost by
sloshing with tanks filled about 10 inches from the top. The only
difficulties encountered were occasional outages in power to the pump,
due to strain on the conductors from the ship's motion and the usual antag-
onistic properties of sea water.

Data resulting from radioanalysis of the precipitates will be used
to follow the fate of neutron-induced radionuclides from the Columbia
River at sea. For example, spectra of samples from off Newport,
Oregon, (over 100 miles from the mouth of the Columbia River) revealed
the presence of zinc-65, chromium-51, manganese-54, and naturally
radioactive potassium-40. Zinc-65 and chromium-51 originate principally
from the nuclear reactors at Hanford, Washington, but some zinc-65 is
also present in fallout. Manganese-54 was seen over a much wider area,
and most of it probably results from fallout. Folsom (3) reported
manganese-54 in 200-liter samples of sea water off Scripps pier, (La Jolla,
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California), but was unable to reliably measure zinc-65 in even 1000
liters of water. Chakravarti et al. (1) reported zinc-65 and chromium-51
in 10-liter samples of water from near the mouth of the Columbia River
and zinc-65 in water samples from Christmas Island in 1962. None of
these investigators attempted to concentrate samples on the high seas,
but returned the water to the laboratory for chemical treatment.

Techniques for routinely concentrating large volume water samples
at sea will make data on water radioactivity more readily available. The
ease of sample collection and the greater sensitivity resulting from the
use of large samples should increase the usefulness of radiotracer tech-
niques as a tool in oceanographic studies.

Bibliography

Chakravarti, D. , Lewis, G. , Palumbo, R. , Seymour, A. 1964.
Nature. 203: 571.

Curl, H. , Cutshall, N. , Osterberg, C. , 1965. Nature. 205: 275.

Folsom, T. , Young, D. , Johnson, J. , Pillar, K. , 1963. Nature.
200: 327.

Osterberg, C. , 1962. Science. 138: 529.

Osterberg, C. 1963. Ph. D. Thesis. Oregon State University, Corvallis,
University Microfilms (63-3787), 125 pp.

Osterberg, C. , Pattullo, J. , Pearcy, W. , Limnology and Oceanography,
9:. 249.

These techniques were worked out both in the lab with tracers, and on the
light ship COLUMBIA using sea water, to give optimum recovery of zinc-65
and manganese-54..

,



60

2. Carrier Effects on the Efficiency of Fe(OH)3 Precipitation
for Chromium-51

Norm Cutshall

The use of isotopic carrier to insure complete precipitation of
tracer quantities of radionuclides is well known. In the case of
chromium, where isotopic equilibration across the Cr III-Cr VI' half
cell (i. e. , autooxidation) proceeds with half-times of days, a carrier
can be effective only if it is administered in the same chemical form
as the tracer. Furthermore, the effect of a carrier depends on the
reaction through which Cr51 is incorporated into the precipitate.

Chromium III, like iron III, forms a very insoluble precipitate
at intermediate pH (5 to 9). Unlike iron III, chromium III is amphoteric
and dissolves at extremely high pH. If carrier chromium III is present
in solution when iron is precipitated at intermediate pH,coprecipitation
of Cr(OH)3 should be enhanced. Chromium VI, on the other hand, does
not precipitate from sea water even when moderately large amounts of
K2Cr2O7 are added. If chromium VI is to be incorporated into an
Fe(OH)3 precipitate, adsorption and occlusion must occur. Adsorption
becomes less complete, as concentrations increase. Thus, chromium VI
carrier in a solution of radiochromium VI will act as a "hold-back"
carrier and will decrease the amount of Cr51 recovered by Fe(OH)3
precipitation.

The electrical surface potential of the particles is also pertinent
to adsorption processes. Fe(OH)3 is positively charged below a pH of
about 8. 5 and is negatively charged at higher pH. Precipitates formed
at lower pH, then, may be expected to be more efficient for adsorption
of anions such as CrO4 than at pH greater than 8. 5.

Data obtained at the Columbia River Lightship by Cronin showed
that the addition of solutions containing chromium-III, manganese II,
zinc II, and antimony III greatly increased the amounts of Cr51 recovered
from replicate samples. These results at first seemed perplexing for
two reasons: 1) Cr51 is principally in the +6 oxidation state when it
enters sea water,and reduction is thermodynamically unfavored; 2)
laboratory tests showed that tracer levels of ,chromium III were efficiently
coprecipitated by Fe(OH)3 in the absence of a carrier. Thus, it
seemed unlikely that chromium III carrier was responsible for the
enhanced yield.
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Examination of oxidation potentials led to the hypothesis that
antimony III had reduced chromium VI to chromium III, and chromium
III was subsequently copre cipitated.

2SbO+ + 3H20 = Sb2O5 + 6H+ + 4e

Cr2O7 + 14H+ + 6e 2Cr3+ + 7H20

°_ -0.581 v

° = 1.33 v

Step 1: 6SbO+ + 2Cr2O7 + 1OH+ = 3Sb2O5 + 4Cr3+ + 5H20

Step 2 : Cr3± + 30H Cr(OH)3
E° =0.75v

Half-cells involving other chromium VI ions, Cr04 and HCrO4
also yield favorable redox couples with antimony III - antimony V.
Arsenic III, a chemical analogue to antimony III, is known to reduce
chromium VI, The arsenic III - arsenic V potential is almost identical
to the potential for antimony.

In order to test this hypothesis, a 24-hour study was made 50
miles off Newport in the Columbia River plume during June 1965.
Replicate 560-liter samples were treated with various reagents prior to
coprecipitation by Fe(OH)3. Results are shown in Table 1. The reagent
used in each test was added to filtered sea water along with 50 grams of
Fe3+, and the sample was stirred for 30 minutes. Sufficient NH4OH to
insure complete precipitation of iron (pH 9. 5) was then added, and,
after a short mixing period, Separan was added to flocculate the solid
phase. The precipitate was collected and taken to Corvallis for analysis.
Salinity values show that the ship drifted into different water during the
24-hour period. It is, therefore, necessary to allow for variations in
the relative amounts of river water and sea water in the individual
samples. The fraction of each sample consisting of fresh water was
calculated by assuming linear mixing with 32%o sea water. This
salinity was the zero Cr51 intercept of a series of other precipitates
collected during the same cruise. The Cr51 recovered in each test
was adjusted to cpm/liter of fresh water in each sample. Sample 14K,
unfiltered sea water to which chromium III, man anese III, zinc II and
antimony III were added, produced the highest Gr51 recovery. The value



Table 1. Efficiency of various combinations of carriers for the recovery of chromium-51 from sea water.

Sample
No.

Salinityl
%o

Cr-51
cpm/100 1

% Fresh2
Water

Gr-51
cpm/l

Fresh Water
% Recovered-3

14K 30.9 30.2 3.4 8.8 100+9

14D 28.5 81.1 11.0 7.4 85+8

14H 30.6 36.0 4.4 8. 2 94+11

14E 29.2 10.1 8.8 1.2 14+1

14B 29.3 15.6 8--4 1.9 21+2

14A 29.1 31.1 9.1 3. 4 39+4

14C 28.7 6.7 10.3 0.7 7+1

1 Measured with conductivity - temperature indicator.
2 Calculated from % fresh water = 1 - (Salinity/32. 0).
3 Sample 14K assumed to recover 100% and other values related to 14K.

Uncertainties are estimated from precision of salinity measurement.
4 "All carriers"include Cr III, Mn II, Zn II and Sb III.

Treatment4

unfiltered
all carriers
filte red
all carriers
filtered
Sb III only

filtered
all but Sb III

filtered
no carrier
filtered
C r III only

filtered
CrVI only
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for sample 14K was arbitrarily assigned the value of 100% recovery and
relative recoveries for the other samples were calculated.

Results

It appears that filtration of the samples removed very little
Cr51 from the water (sample 14D compared to sample 14K). The use
of Sb III alone (sample 14H) was as effective as CrIII, Mn II, Zn II and
Sb III together (sample 14D). Thus, antimony is indeed responsible for
the results observed by Cronin. Cr VI (sample 14C) functioned as a
hold-back carrier indicating that the samples contained Cr51 in the +6
oxidation state. These observations support the oxidation-reduction
hypothesis. Cr III carrier alone (sample 14A) yielded greater Cr51
recovery than did Cr,III, Mn II and Zn II (sample 14E). No explanation
of this result is offered at this time.

Laboratory tests are now under way to test the validity of the
above conclusions under carefully controlled conditions.
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E TRACE ELEMENT ANALYSIS

1. Zinc Measurements by Atomic Absorption Spectrometry

John Cronin

In 1955 Walsh developed the first atomic absorption spectrometer,
which proved to be extremely sensitive to zinc and other similar metals.
This principle was soon applied to analysis of sea water by a group at
Columbia University (Fabricand, et al. 1962). They converted an
infrared spectrometer for use as an atomic absorption instrument, and
directly measured certain trace elements in water. Although most
investigators, using commercial instruments now available, have not
been able to achieve the sensitivity required to measure zinc, etc.
directly in sea water, the instrument has many virtues and is growing
in popularity. Its greatest asset is relative freedom from interference
from other elements.

This experiment shows the results obtainable from atomic
absorption spectrometry (AAS) under the beat laboratory conditions,
using a known amount of zinc.

Experimental

Reagent grade zinc was washed in 0. 1 N HCI, rinsed five times
with triply distilled (in glass) water, and dried at 65° for six hours. A
carefully weighed sample of the zinc was dissolved in a small amount
of concentrated HC1 and diluted, to make a stock solution. Portions,
containing exactly 1, 2, and 4 ppm zinc were analyzed a number of times,
and the average values were used to obtain a calibration curve (actually
a straight line).

Other portions of stock solution were then taken, diluted as
necessary and analyzed. Results are shown below (Table 1).
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Table 1. Comparison of actual concentration of zinc and that determined
by AAS.

Sample Actual Conc. Conc. Found Percent
No. (ppm) (ppm) Error

1 1.50 1.47 2.00
2 1.80 1.75 2.78
3 2.00 2.01 0.05
4 2.50 2.44 2.40
5 2.75 2.82 2.54
6 3. 50 3.48 0.57
7 4.00 4.05 1.24

Average = 1.67

Conclusions

When concentrations of zinc are in the proper range of absorbance,
and comparisons are made with a carefully prepared standard curve,
results obtainable are very good. However, great care must be taken
to insure accuracy' of the measurements. Since the sample is aspirated
into the flame, viscosity of the standard and the sample must be the
same. Viscosity varies greatly with temperature, so this parameter
must be rigidly controlled.

The room must be protected from breezes, which cause the flame
to flicker, and the air should be free from tobacco smoke, dust, and
similar contaminants.
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2. Neutron Activation of Extracted Zinc

John. Cronin

This is an extremely brief report of a rather time-consuming
experiment. Parts of the work were carried out in Pullman, Washington.
The swimming pool reactor at Pullman (Washington State University)
was used to irradiate the samples, and several days were spent there
looking for and measuring short half-lived gamma emitters. We ap-
preciate very much the help given us', especially by Dr. Wayne Cassett,
and regret that our report does not do justice to the efforts made in our
behalf.

We chose to discuss a brief segment of our neutron activation
work the irradiation of solutions of zinc and organic solutes that had
been removed from water samples by solvent extraction. The extrac-
tion techniques used are described in "Efficiency of Solvent Extraction
Techniques. " The standard solution of zinc was prepared according to
the techniques described in "Zinc Measurements by Atomic Absorption
Spectrometry. "

Experimental

Three standards, with 1, 2, and 4 ppm of zinc were prepared
from the standard solution. Similar quantities of zinc solution were
added to distilled water, and subsequently extracted with chelator and
solvent, as described in a previous paper. Likewise, 1, 2, and 4 ppm
of zinc from the standard solution were added to sea water and extracted.

The nine samples were irradiated for eight hours at an es-
timated flux of 1010 neutrons/cm2/sec in the nuclear reactor at
Washington State University, Pullman, Washington. After two weeks
decay time (mostly to obviate interference from Na24), the samples
were counted by gamma-ray spectrometry. By definition, the zinc-65
levels in the non-extracted standards are considered to be 1, 2, and 4
respectively. The levels in the zinc extracted from distilled and sea
water are shown below (Table 1).

Conclusions

We are unable to explain why the yields from extracted
samples were so low. It is probably related to the different matrices;
i. e. , our standards were in distilled water while the extracted samples

-
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were in an organic solvent. Due to the small number of samples, low
neutron flux and different matrices, results must be regarded as incon-
elusive.

Table 1. Yield from extracted samples (by neutron activation)

Standards
(not extracted)

Extracted from
Distilled water

Extracted from
Sea Water

1 0.91 0.87
2 1.88 1.79
4 3.80 3.68

Corrected for the average efficiency of solvent extraction.

3. Efficiency of Solvent Extraction Techniques

John Cronin

Trace elements are of great interest because of their biological
significance. Some are clearly essential to life; the need for others
is in doubt. Certainly marine animals have a greater affinity for
trace metals of the transition series than do their terrestrial counter-
parts. For this reason, trace elements in sea water have particular
interest. The concentration of most of these elements in sea water is
truly "trace. " Therefore, concentration is often required prior to
analysis. This experiment tests the efficiency of solvent extraction
in the removal of zinc from several types of water samples.

Known amounts of zinc-65 were added to 500 ml samples of
distilled water, natural sea water, and artificial sea water. The three
samples were placed in separatory funnels and buffered to a pH of 7. 0
using a 0. 5 M solution of sodium citrate and citric acid. Two milliliters
(2% solution) of a chelating agent, sodium diethyldithiocarbamate, were
added to each sample and the resulting mixture was shaken periodically
for an hour. One hundred milliliters of an organic solvent (methyl-
isobutyl ketone) were added, and the mixture was shaken periodically
for 30 minutes, to extract the chelated trace metals. The mixture
was allowed to sit until separation was complete, and the solvent
was removed for analysis.



69

Seven milliliters of each solution were placed in polyethylene
counting tubes and inserted in the well of a 5 x 5-inch NaI(Tl) detector,
for analysis by gamma-ray spectrometry. Results of ten duplicate
samples each (Table 1) show that the maximum recovery (95. 8%) was
from distilled water. Recovery from natural sea water was lowest.

Table I. Percent recovery of zinc-65 spike from water.

Distilled Water Natural Sea Water Synthetic Sea Water'

1 95.21% 88. 89% 93. 26%
.2 94.68 89.91 91.91
3 93.91 90.91 90. 15
4 97.25 92. 18 93. 16
5 99.65 90.00 92. 51
6 96. 11 87. 62 90.90
7 94.50 93. 15 93.18
8 94.90 89.85 92.91
9 98. 10 88.88 90-99

10 93.99 87.98 94.87

Mean 95.83 89.94 92. 38

01 Modified from Lyman's formula

The results indicate the feasibility of using solvent extraction
for concentrating zinc in sea water. However, variations occurring
in the field were greater than expected. These were attributed to
differences in technique of the several people carrying out the extrac-
tion process, rather than to the method of analysis used (Atomic
Absorption Spectrometry, rather than Gamma-ray Spectrometry plus
a Zn65 spike.) See other papers of this series for further discussion.
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4. Zinc Determination in Sea Water by Atomic
Absorption Spectrometry

John Cronin

Abstract. A rapid, shipboard technique for concentration of trace
metals in sea water is presented, and results from the subsequent analysis
of these samples are given. Samples were buffered, chelated with APC
and NaDEDEC and extracted with MIBK while at sea. Concentrate was
stored in plastic bottles for subsequent analysis in the laboratory by atomic
absorption spectrometry. Concentrations of zinc are given for stations
beginning in the Columbia River estuary and extending along the Oregon
Coast and 1000 miles southwestward toward the Hawaiian Islands. Prin-
cipally horizontal profiles are given, but some vertical profiles are also,
presented. A comparison was made of the two chelating reagents, and
the effect of storing water samples in polyethylene bottles for later chemical
extraction was noted.

Introduction. Numerous values are given for the concentration range
of various metal-micro-constituents of sea water (Harvey, Goldberg). In
most cases colorimetric and spectrophometric methods were utilized on
samples collected at sea and returned to the laboratory for final chemical
preparation and analysis.

A more ambitious goal is to utilize time at sea for sample preparation
and avoid chemical changes in samples from delays due to transport and
handling. Time spent in travel between stations, heretofore lost, can then
be used for concentrating the samples.

The advent of the hollow cathode lamp (Walsh) in 1955 made possible
a new analytical tool for the study of trace metals. The atomic absorption
spectrometer is most sensitive for elements of the first transition series.
Fabricand et al. (1) utilized an IR instrument adapted to use with an air-
acetylene burner to analyze sea water directly for various metals. Others,
using commercial instruments, have been unable to approach the sensitivity
reported by this group.

Our laboratory has a Perkin-Elmer Model 303 atomic absorption
spectrometer which is not capable of direct measurement of trace
metals in sea water. Therefore, our attention was focused on con-
centration methods. Various investigators in the area of soil and plant
analysis (2, 3) have chelated trace metals and subsequently extracted
the complex into an organic solvent which also serves to enhance the
characteristics of the flame, improving the sensitivity of the instrument
(4, 5, 6). A non-specific chelating agent, ammonium pyrrolidine dith-
iocarbamate (APC), has been used by many investigators. Although the
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structure of APC is unknown, it binds to a number of trace metals in sea
water, making a chelate which can be extracted from the water with a
solvent. Rona et al. (7) used sodium diethyldithiocarbamate (NaDEDTC)
to chelate zinc and manganese with subsequent extraction by chloroform.

Experimental. Samples were prepared on site with a "portable lab-
oratory" designed for shipboard use. Surface samples were collected in
either a plastic pail or a 3-gallon PVC-formica Van Dorn bottle (built by
Scott Instruments, Seattle, Washington). All subsurface samples were
collected with the latter device. Water was filtered in an all-glass filter
(Millipore Corp.) through 0. 45 µ membrane filters. A 500 ml sample was
buffered with 0. 5 M citrate buffer (Na citrate and citric acid) to a pH of
6. 8 to 7. 0. Two milliliters of 2% chelating reagent were added, and the
resulting mixture was shaken periodically for one hour in a Teflon coated
s eparatory funnel. One hundred milliliters of MIBK were added, and the
resulting mixture shaken periodically and vigorously for 30 minutes. Effi-
ciency of the extraction process is reported in a previous paper.

After separation, the solvent layer was stored in polyethylene or glass
containers and returned to the laboratory for analysis. To determine effects
of storage on yields duplicate water samples were stored in polyethylene
containers for extraction and analysis at a later date.

Results. Table 1 summarizes the results of a comparison between
samples extracted with APC and NaDEDTC. Table 2 shows changes in
yield due to storage.

TABLE 2. Effect of Storage on Zinc Yield

Zinc Concentration
At Site (mg/1)

Zinc Concentration
Delayed (mg/1)

Lapsed Time
(Days)

8. 7 7.8 20

8.1 26

11. 5 10.0 20

9.8

52.7 50.5 30

50.6 38

34. 6 30.1 30

30.8 38



Table 1. Zinc concentration of sea water samples by APC and NaDEDTC.

Sample
No.

St. Helens

Oak Point

Tongue Point

Chinook Point

Inside Bar

Across Bar

1

2

3

Location

Columbia River

46° 11. 1'N, 123° 10. 3' W

46° 12. 4'N, 123° 44. 5' W

46° 15. 2'N, 124° 07. 2' W

46° 14.1.1'N, 124° 07. 1 W

46° 13. 1'N, 124° 06. 5' W

44° 39-01N, 124° 25-41W

44 ° 39. O' N, 124 ° 39. 0' W

44° 39-61N, 125° 14-61W

Sample
Depth

Surface

Surface

Surface
Bottom

Surface
Bottom

Surface
Bottom

Surface
Bottom

Surface
50 m

Surface
50 m

Surface
50 m
500 m
1000 m
2000 m

Concentration
Using APC

30

30.9

30.9
29. 1

31.2
29.5

34. 5
32. 0

36. 2
33. 5

60
32

44
14

22

58
36

23
22

Concentration
Using NaDEDTC

29. 6

29.6

31.8
29.0

31.8
29.5

35. 0
32. 2

38. 0
35.9

37

25

25
12

48

37
10
10



Table 1. Continued

Sample
No. Location

Sample Concentration Concentration
Depth Using APC Using NaDEDTC

4

5

7

8

10

13

440 39.6'N, 125° 14.6'W Surface 25 10
50 m 24 28

45° 26.4'N, 125° 11.3'W Surface 26 18
50 m 18 24

46° 13.5'N, 125° 11-91 W Surface 30.5 27
50 m 30.6 24
500 m 21 17
1000 m 33 61

46° 14. 8'N, 124° 28. 1' W Surface 56 23
50 m 36 37
100 m 49 40
400 m 27 35.0

Lightship (Columbia) Surface 32 34.5
50 m 35 40

450 49.4,'N, 124,0 14.3'W Surface 47 44
50 m 55 44

450 15.7N, 124° 08-61W Surface 57 30
50 m 38 40

NH-5 44° 39. UN, 124° 10-61W 88.8 120

NH-15 44 39. 1'N, 124° 24.9' W 52.7 34.4

NH- 25 440 39. P N, 124 38-81W 46.6 43. 4

NH-35 44° 39. 2'N, 124° 53. 0' W 34.6 31.4

NH-45 440 39. 2'N, 125° 07. O' W 34.2 34.4

9



Table I. Continued

Sample
No. Location

Sample
Depth

Concentration
Using APC

Concentration
Using NaDEDTC

NH-65 440 39. 1'N, 125° 35. O'W 33. 7

NH-85 440 40. 0'N, 126° 04. 8' W 22. 8 21.6
NH- 105 44° 40. O' N, 126° 33. 0' W 35 35

NH-125 440 39. 1' N, 126 ° 59. Of W 8.7 9.9
NH-145 44° 39. 5'N, 127 ° 26. 9'W 91.7

NH-165 440 40. 0'N, 127° 55. 0' W 23.9 25. 0

NH-185 440 39.1'N, 128° 22. 6'W 34. 1 33. 1

NH-205 44° 39. 1'N, 128° 50. 2f ,W 6. 1 8. 2

NH-225 44° 39. 1' N, 129 ° 17. 2' W 3.9

NH-245 44° 39. ON, 129° 45. O' W 5.7

NH-265 44° 39. 11N, 130° 13 .81 W 3.9

18 43° 44-71N, 131° 30-61 W 16.2 9.4
19 ---- 14.4

20 390 56. 5'N, 136° 44. 1' W 7.2 8.4
21 39 0 12. 6'N, 137 0 37. O' W 10.8 12.6

23 37° 47. 6'N, 139° 29. Of W 13.6 16.0

25 36° 51. 2'N, 140° 33. 5'W 26.9 8.4
27 350 27. 0'N, 142° 20. 5' W 6. 2 6.0
28 34° 22. 7 IN, 143 ° 44. If W 12.9 12.0



Table 1. Continued

Sample Sample Concentration Concentration
No. Location Depth Using APC Using NaDEDTC

29 32° 00.01N, 143° 53.0'W 9.2 7.0

30 33° 11. 5'N, 140° 55.5'W 8. 8

31 34° 31. 41N, 1400 45. 0' W Surface 13.2 4.2
50 m 39.9 31. 6
100m 31.5 26.8
500 m 21.2 23.2
1000 m 25.7 26.0
4000 m 22.7 27. 2

33 38° 55. 0'N, 135° 43.5'W ----
34 41° 09. 51N, 133° 10-51W 13.5 13. 6

CH-265 44° 20-51N, 130° 28. 01W 13.1 11.0

CH-205 43 20.01N, 129° 03-01W 13.2 11.0

CH-145 43° 21-01N, 127° 40-21W 8.9 7.2

CH-65 10.6 11.6

----
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The maximum sensitivity of the PE Model 303 atomic absorption
spectrometer is given as 0. 005 ppm. Variation in the same sample
analyzed at different times and by different personnel is less than 0. 01
ppm. Duplicates gave reproducible results within 0. 08 ppm.

Conclusions. Differences in APC-extracted and NaDEDTC- extracted
samples were larger than expected. Likewise, comparisons between
duplicate samples if extracted separately, were unduly large. The problem
seems to be in the extraction process. The metals appear to concentrate
on the interface between the water and solvent, rather than uniformly in
the solvent. Appreciable differences were noted in data found by two persons'.
Our conclusions were as follows:

(1) The extraction process should be mechanized so that
uniform results can be obtained by all personnel.

(2) Each phase of the extraction should be timed by an interval
timer, since at sea, especially, timing is subject to
errors.

(3) An emulsifying agent should be used in an effort to prevent
migration of the element toward an interface.

.We feel that with experience we can couple solvent extraction techniques
with the atomic absorption spectrometer to yield useful, accurate data on
trace elements in sea water. If possible, extraction should be done at sea
to obtain maximum yields.
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5. Preliminary Studies of Zinc Concentration in Oceanic Animals
Using Atomic Absorption Spectrometry

Herman Wyandt, David Tennant and William Pearcy

INTRODUCTION

We have recently measured levels of radionuclides in oceanic
animals off the Oregon coast using gamma spectrometry (Osterberg,
Pattullo and Pearcy, 1964; Pearcy and Osterberg, 1964; Osterberg,
Pearcy and Curl, 1964). We also would like to know specific activities
or the ratios of radioactive to stable isotopes in these animals. A
fairly simple and direct method of determining transition elements
such as zinc in trace amounts is made possible by the use of atomic
absorption spectrometry (Perkin Elmer, 1964; David, 1958). Since
the use of this method for determining zinc levels in animal tissues
has not been widely applied, it was necessary to conduct a series
of preliminary experiments to assess experimental error and sources
of variation.

This report specifically concerns experimental error associated
with a) standards of varying concentrations, b) replicate samples of
the same ash, c) replicate samples of tissue from the same animal,
and d) replicate determinations for different animals of the same species.

METHODS

Instrument. The instrument used is a Perkin-Elmer Model 303
Atomic Absorbtion Spectrometer.

Preparation of samples. Samples for analysis were prepared from
fresh or frozen material, dried to constant weight at 370 C, and then ashed
in tared crucibles at 5000 C. In most cases ash samples that are used
for gamma spectrometry can also be used for stable element analysis.

Initial efforts to dissolve the ash involved addition of 3N HC l to
about 0. 1 g of ash as recommended by the Perkin Elmer Manual, This
method was found unsatisfactory in that residual carbon particles
remained undissolved. The particles contributed to large variations
in replicate readings by obstruction of a uniform.rate of aspiration
through the burner and by adsorption of zinc onto the surface of the
particles themselves.
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The latter was verified by filtering the carbon residues from
the solution, washing them several times with distilled water, and
resuspending them in a dilute solution of HNO3. The resulting solution
revealed zinc concentrations as high as 25% of that of the original solution.

A more complete dissolution of ash was attained by heating' the
ash in known aliquots of concentrated HNO3 until almost dry. For grey
ash a single treatment in this manner was generally sufficient. For
black ash, this treatment had to be repeated several times until colored
fumes ceased to evolve and a colorless residue was left. The colorless
residue was then dissolved in 3N HC1, brought to the desired volume
(0. 36N), and analyzed. This process can be accelerated by the addition
of either perchloric acid, or hydrogen peroxide. Hydrogen peroxide
is preferred because it is less hazardous to use and does not explode
as readily (Analytical Methods Committee, 1958).

Concentrations of zinc in the samples were determined in the
conventional manner by preparing a standard curve from known zinc
concentrations.

RESULTS

Error associated with standards of various concentrations. Eight
standards of different known zinc concentrations were analyzed with the
spectrometer, and a series of 10 consecutive sets of readings was
obtained. The readings in absorbance values are presented in Table 1.
The average absorbance values for each concentration, together with
their standard deviation are also presented in Table 1. The values
range from 0.0250-0. 2267 absorbance or the equivalent of 5-41%
absorption on the instrument,

The results show a higher standard deviation but lower coefficients
of variation (percent error) at higher absorbance values.

Variance of replicate samples of the same ash. Table 2 presents
the calculated results of replicate readings made on 15 portions of ash
analyzed from a single sample of Vellella lata. Three readings taken
for each of the fifteen samples were converted to micrograms of zinc
per gram ash weight. The weight of ash in each of the fifteen samples
was from 0. 06 - 0. 18 grams. Absorbance values ranged from 0. 0177 -
0. 0634 or 4. 0 - 13. 57%.

The overall standard deviation was 11. 9 micrograms of zinc
per gram ash weight; the coefficient of variation was 7 %. Most of the
variation is associated with replicates within samples. As a result,
the F value among different samples is low, indicating no significant
difference between sample means.



Table 1. Average absorbance values (x 104) and respective standard deviations for a series of known
standards of increasing concentrations.

Approximate
ppm

(D r
o r

Average
Absorbance

Standard Deviation

C = s/x 100

4 5 6 8 10
Minute s
Elapsed

0255 0511 0721 0953 1175 1325 1739 2118 0

0232 0443 0665 0888 1.090 1244 1649 2007 5'

0227 0448 0675 0931 1.135 1349 1785 2211 10'

0255 0511 0752 1013 1267 1469 1931 2343 20'

0259 0516 0768 1035 1261 1475 1952 2396 30'

0269 0521 0778 1035 1273 1469 1918 2343 60'

0259 0511 0731 0969 1232 1427 1858 2284 65'

0241 0487 0737 0991 1180 1433 1898 2321 75'

0250 049. 0757 1007 1273 1463 1904 2328 80'

0255 0506 0773 1062 1255 1433 1891 2314 901

0250 0495 0736 0982 1214 1409 1853 2267

0013 0028 0039 0047 0065 0077 0097 0088

5.20 5.66 5.30 4.79 5. 38 5.46 5.23 3. 88 Avg = 5. 11

1 2 3
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Variance of replicate samples from the same animal. Samples from
two species of benthic fishes. Sebastodes pinniger and Merluccius productus
were analyzed to determine variance between different tissue samples of
the same animal. Nine samples of a single S. pinniger were individually
ashed. Ash weights ranged from 0.16 0. 32 grams. The quality of the
ash was not uniform for all the samples, however. It was either black,
grey, or white as indicated in Tables 3 and 4. Though individual samples
were ashed simultaneously, the position of crucibles in the muffle furnace
and sample size undoubtedly affected the quality of ash obtained. The
significance of the quality of ash is evident from the analysis of variance
which shows a significant difference between samples (Table 3). The
variance within samples was comparatively low.

A similar analysis of nine fresh samples from a single specimen
of Merluccius productus produced similar results (Table 4-B).

When the values for Merluccius productus were converted to
micrograms of Zn per gram dry weight (Table 5), the analysis of variance
showed no significant difference between sample means. Thus, when the
quality of ash is variable, results are best presented on a dry weight basis.

Variance of replicate samples of individuals of the same species.
A similar analysis was performed to learn if differences occur in the zinc
content of different individuals of the same "species. Two species of
benthic fishes, Iopsetta isolepis and Parophrys vetulus were used. Indivi-
duals of first species varied in length; in the latter animals were all about
the same: size. Individual whole animals were separately ashed, and the
entire ash was used for each determination. Ash weights ranged from 0. 5
2. 7 grams for I. isolepis and from 6. 0 - 8. 0 grams for P. vetulus. Percent
absorbtion ranged from 9 34% for the two species. A white ash was obtained
for all samples.

The analysis of variance for I. isolepis (Table 6-B) shows a highly
significant difference between individuals, higher than for any of the "F"
values previously encountered. The mean values show a negative correlation
between animals size and zinc content; fish with the greatest standard
length have the lowest mean Zn values.

Table 7-A shows that _P. vetulus of about the same length had
significantly different zinc contents. In this case, the larger fish had
a higher zinc concentration.

-

-

-
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Table 2. Repeated analysis of several portions of a single ash sample
of Velella lata (in micrograms of Zn/g ash weight).

A. TABULATION OF DATA
Sample Replicates Mean

1 2 3

1 189.33 154.41 179.26 174.33

2 188.69 171. 23 173.73 177.88

3 176.09 153.97 173.47 167.84

4 180.34 163.96 171.34 171.88

5 200.78 166.20 172.91 179.95

6 173.98 146.51 165.01 161.83

7 165.52 158.09 159.27 160.96

8 168.82 145.79 161.27 158.86

9 182.53 177.02 165.68 175.07

10 178.92 185.28 179.41 181.20

11 170.09 170. 15 158.87 166.37

12 166.94 145.27 157.75 156.65

13 167.92 149.67 167.08 161.55

14 167.38 165.77 157.52 163.55

15 167.27 163.08 155.16 161.83

Mean 176.31 161.09 166. 56 167.98

B. ANALYSIS OF VARIANCE

So
V

urces of
ariation

Degrees of
Freedom

Sums of
Squares

Mean
Squares F

Sample 14 2, 767 198 0. 17

Within Samples 30 3, 465 1, 155

Total 44 6, 232

Total Standard Deviation + 11.90 C = 7. 08%
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Table 3. Analysis of nine separate flesh samples from single specimen
of Sebastodes pinniger (in micrograms of Zn/g ash weight).

A. TABULATION OF DATA
Sample Quality Replicates

of Ash 1 2

7;X Mean

2 Black 299.51 300.09 286.24 835.84 295.28

3 Black 192.71 165.23 174.50 '332.44 177.48

4 White 269.91 255.63 256.20 781.74 260.58

5 Black 282.83 273.26 241.07 796.77 265.59

6 Black 189.29 192.33 150.37 532.53 177.51

7 White 248.26 253.79 208.71 710.76 236.66

8 Black 189.29 182-88 152-39 524-56 174-85
{

9 Black 206.01 208.79 171.40 586.20 195.40

10 Black 184.46 173.85 148.17 506.48 168.82

EX 2062.42 2005.85 1789. 05 5857. 32

Mean 229.16 222.87 198.78 216.93

B. ANALYSIS OF VARIANCE

Sources of
Variation

Degrees of
Freedom

Sums of
Squares

Mean
Squares F

Sample 8 55,409 6,926 19.9=

Within Samples 18 6,246 347

Total 26 61 , 655

Total Standard Deviation + 48.7 C = 22. 4%

3
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Analysis of nine separate fish samples from a single specimen of
Merluccius productus (in micrograms Zn per gram ash weight)

A. TABULATION OF DATA

Sample
Quality
of Ash 1

Replicates
2 3 Mean

1 White 145. 26 162.48 189. 38 165. 70

2 Grey 108.77 124.88 135.28 122.97

3 Grey 95.88 128.46 115.87 113.40

4 White 162.84 200. 19 205.46 189.49

6 White 147.91 174. 80 164. 34 162. 35

7 White 129.00 170. 29 155.57 151. 62

8 Black 111.80 135. 67 134.83 127. 43

9 White 186. 37 221. 12 225.18 210. 89

10 Grey 137.88 152.22 151.93 147.34

Mean 136. 19 163. 34 164. 20 154.57

B. ANALYSIS OF VARIANCE

Sources of Degrees of Sums of Mean
Variation Freedom Squares Squares

Samples

Within sample

Total

18

26

24,073 3,009 9. 4m

5, 747 319

29, 820

Total Standard Deviation 35. 2 C = 33. 9%

TABLE

F

8



TABLE 5.

Analysis of samples in Table 4, Merluccius productus, calculated in
micrograms of zinc per gram dry weight,

A. TABULATION OF DATA

Replicates
Sample 2 EX Mean

1 11.43 12. 78 14. 90 39. 11 13.04

2 11.72 13.47 14. 59 37. 78 13. 26

3 11.17 14.97 13. 50 39. 64 13.21

4 12. 79 15. 72 16. 13 44. 64 14. 88

6 12.09 14. 29 13.43 39. 81 13. 27

10. 70 14. 13 11. 19 36.02 12.01

13. 27 16. 11 16.01 45. 39 15.13

9 14. 22 16. 87 17.18 48. 27 16.09

10 10.98 12. 12 12. 10 35. 20 11. 73

EX 108.3 7 130.46 129.03 367. 86

Mean 12.04 14.50 14.34 13. 63

B. ANALYSIS OF VARIANCE

Sources of Degrees of Sums of Mean
Variation Freedom Squares Squares

Samples 8 50. 93 6. 37 1. 57

Within samples 18 44. 70

Total 26 95. 63

4. 06

85

Total Standard Deviation = 1. 92 C 14. 1%

1 3

7

8

F

=
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TABLE 6.

Analysis of individuals of the same species, lopsetta isolepis,
(micrograms per gram ash weight)

A. TABULATION OF DATA

Fish
Standard
Lengths 1

Replicates
2 3 EX Mean

103 340.42 326.22 340.16 1006.80 335.60

167 227.01 228.85 226.95 682.81 227.60

98 340.96 320.81 326.12 987.89 329.17

EX 908.39 875. 88 893.23 2677.50

Mean 302.88 291.96 297.74 297.46

B. ANALYSIS OF VARIANCE

Sources of Degrees of Sums of Mean
Variation Freedom Squares Squares F

Fish

Samples

Total

6

8

22,045 11, 0 22 228

289 48. 2

22, 397

Total Standard Deviation=± 52. 72 C = 17. 7%

2
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TABLE 7.

Analysis of individuals of the same species, Parophrys vetulus,
(micrograms of zinc per gram of ash weight)

A. TABULATION OF DATA

Fish
Standard
Lengths

1

Trials
2 3 EX Mean

253 mm 254. 74 258. 99 267. 63 781. 36 260.45

225 mm 214. 89 220. 96 220. 14 655.99 218. 66

EX 469.63 479.95 487.77 1437.35

Mean 234.82 239.97 243.88 239.55

B. ANALYSIS OF VARIANCE

Sources of Degrees of Sums of Mean
Variation Freedom Squares Squares

Fish 1 2620

Samples 4 343

Total 5 2728

2620

85. 7

F

30. 6=''

Total Standard Deviation = ± 23. 35 C = 9. 7%
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CONCLUSIONS

The results of this study indicate a coefficient of variation of
5. 1% for replicate readings on the same standard zinc solution and
7. 1"%o for replicate readings on the same sample of animal ash.

When different samples of flesh from the same fish were
examined, the variation was greatly increased. Much of this increased
variation is associated with differences in the quality of the ash, so
the error can be reduced by expressing values on a dry weight basis.

Significant differences were found between individual animals
of the same species. Mean differences may be negatively correlated
with the size of the animal.

A considerable range of zinc content has been found in oceanic
animals of different species. On the basis of this study, we feel that
demonstration of significant difference will be possible.
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F GEOCHEMISTRY

1. The Effect of Sea Water on Sediment Sorbed Radionuclides

Vern Johnson

A field method has been used to assess the effect of sea water
on gamma-emitters held by bottom sediments in the Columbia River.
Fine textured sediments from eight widely separated sample sites have
been treated and the results are reported.

To test whether sediment-sorbed radionuclides would be displaced
by contact with sea water, a portable lab was built (Figure 1) so that
samples could be tested in the field, before any changes of sediment
structure could occur.

Sediment samples were taken in the estuary from small fishing
boats (30 ft. gill netters) with a phleger coring device. Only the top
1/2 inch of the core was used for analysis. Up river sediments (Figure
2) were taken near shore by scooping the top layer of sediment into
open mouth screw top jars and replacing the lid under water before
bringing it to the surface.

Ten cubic centimeter samples of freshly collected, wet sediments
were placed in a 50 ml medium porosity sintered glass crucible. A
vacuum system was used to draw 100 ml of synthetic sea water (see
appendix for formula) through the sediment into a filter flask. Both
the sediment and the leachate were returned to the lab for further
treatment.

The sediment, which was packed into 13 cc plastic counting tubes
after elution, was ready for analysis immediately. The leachate,
however, was evaporated to dryness on a hot water bath. Both samples
were then analyzed in the well of a 5 x 5-inch NaI(Tl) detector, coupled
to a ND-130 AT.512 channel gamma-ray spectrometer.

A particle size separation was made on air dried portions of
sediment from each major sample site by sieving through 0.991 mm
and 0. 061 mm Tyler standard screens. The relative proportions of
sand and mud were determined. Mud was defined as that fraction
passing through the 0. 061 mm screen, and sand as that portion being
retained by the 0. 061 mm screen but passing the 0.991 mm. In every
case, virtually all of the sample passed through the larger screen.
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Results

The only distinct photopeaks observed in the sea water leachates
were those of Mn54 and Zn65 (Figure 3). The percent displaced at each
site is shown in Table 1.

The most surprising result (Table 1) is that an insignificant
amount of the sediment-sorbed Zn65 was displaced by sea water. In.
preliminary results, reported in the previous Progress Report,
approximately 20-25 percent of the Zn65 appeared to be removed from
fresh water sediment by sea water. However, the sediment in this
case had been dried and refluxed with distilled water in a Soxhelet
extractor prior to treatment with sea water. Apparently changes
during storage of the 1963 samples or the harsh laboratory treatment
changed the sorptive status of the Zn65, illustrating the importance of
a field approach to this problem.

If the Zn65 displaced from sediment (Table 1) represents exchange-
able radio-zinc, the results are even more surprising. Since Zn65
enters the Columbia River in cationic form (Nelson, 1965), it might be
expected that Zn65 would undergo exchange reactions with the particulate
material in the water. For example, Bachmann (1963), working on the
fresh water zinc cycle, concluded that sediment and suspended material
in lakes accumulated zinc by an ion exchange mechanism. In addition,
numerous accounts of the cation exchange character of river borne.
silts, algae, soils, etc. have been made in the literature (see
Bachmann, p. 486). Our data do not confirm these conclusions.

The results for Mn54 seem to corroborate the work of Murata
(1939), who found that an appreciable fraction of the total stable mangan-
ese content of several river muds was extractable by ammonium acetate.
He called this fraction exchangeable manganese, and postulated that the
manganese thus held would be displaced by, or exchanged for, sodium
and magnesium ions in sea water.

Summary and Conclusions

With the possible exception of Mn54, results of this study show that
sea water has a negligible effect on sediment-sorbed radionuclides from
the Columbia River, i. e. , it appears that sediment-sorbed gamma emit-
ters will not be displaced by contact with sea water.
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Of the five major gamma emitters identifiable in sediments of the
lower Columbia River, at least Zn65 has been shown to be predomin-
antly associated with particulate or suspended material. (Perkins, 1963,
and in this lab) If our results for sediments can be taken as representa-
tive of both suspended material and bottom deposits, then it would seem
that the major portion of the Zn65 entering the Pacific from the Columbia
should be subject to sedimentation. In the absence of large populations
of commercial bottom fauna, this is a safety factor in consideration of
waste disposal.(Waldichuk, 1961). If sea water had been shown to have
a desorbing effect on sediment bound radio-zinc, as would be expected
if it were held by ion exchange, then Zn65 would be released into the
water and would seemingly enter the marine food chain more readily
via phytoplankton.

Cross (see elsewhere in this Progress Report) is studying the
uptake of Znb5 by marine benthic amphipods. One of his goals is to
determine whether amphipods can take up sediment-sorbed zinc-65
from their environment.
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Table 1.

65
54Sample

Location
Sample
Number

Date
Taken

Miles From
Mouth (riaut..)

%Sand:
%Mud

Percent Zn
Removed

Percent Mn
Removed

McNary Dam 1-A 8/24/64 219 5: 95 0.2+0.03 25.6+0.5
1-B 0.4+0.02 21.4+0.5

Maryhill 2-A 7/18/64 160- 56: 44 0 - 22.2+0.8
2-B 0.3+0.08 16.1+1.0

Bonneville Dam 3-A 7/20/64 111 42: 58 0.6+0.02 38.1+0.5
3-B 1.1+0.07 41.4+1.0
3-C 0. 5 + 0.08 0

Puget Island 4-A 3/23/65 38 44: 56 2.2+0.4 18.4+4.5
4-B 3.3+0.3 18.9+4.0

Miller Sands 5-A 9/3/64 23 43: 57 2.5 +0.4 69.5 + 1.7
5-B 2.7 +0.2 73.5 + 1. 3
5-C 0 0

Tongue Point 6-A 9/3/64 18 56: 41 1. 5 + 0. 3 30.8 + 0.9
0 36.5+1.1

Astoria (upper) 7-A 7/30/64 15 58: 42 0 25.2+6.3
7-C 0 0

Astoria (lower) 8-A 9/3/64 12 58: 42 0
8-B 0

0 signifies that the count rate was below the limit of detectability in the leachates for these samples; 1 cpm
for zinc-65 and 1. 3 cpm for manganese-54.

A and B refer to duplicate samples from the same site and C refers to those samples leached with 100 ml
of distilled water.

+ values are standard deviations due to counting uncertainty.

0
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Appendix

Formula for synthetic sea water (Modified from Lyman, The

Salt

Oceans, p. 186)

g/kg

Na Cl 23.47

MgCl2 4.98

CaC12 1. 10

KCI 0. 66

NaHCO3 0. 192

H3BO3 0. 026

MgCl was added in solution form after standardization by volumetric
determination of the chloride using AgNO3 and dichlorofluorescein as an
adsorption indicator.

All other salts were added directly after oven drying and weighing.
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. Specific Sorption Studies

Vernon Johnson and Norman Cutshall

Sediment samples from three sites representing the fresh water,
estuarine and marine environments have been examined for "specially
sorbed" Zn65. Results thus far show a variable but appreciable amount
of the sediment-sorbed Zn65 is held by a more specific ion-particle
interaction than ordinary cation exchange.

A number of investigators have observed that not all the sorbed
transition metals can be removed from soils by leaching with the salt
solutions (NH4Ac, NaCl, etc. ) commonly used to determine exchangeable
cations. However, these metals can be displaced by solutions of certain
other transition metal salts. This fraction has been called "specifically
sorbed" to distinguish it from ordinary cation exchange. Furthermore,
it has been shown that the organic constituents of certain soils are re-
sponsible for this phenomenon (Mortenson, 1963; Himes and Barber, 1957).
Mortensen (1963) suggested that a chelation mechanism with the soil organic
matter may be involved. Organic chelating agents exhibit varying stability
with different metals. Goldberg (1957) lists the general order for divalent
ions: Pd>Cu>Ni>Pb>Zn7Fe7Cd71VIn>Mg>Ca> Sr>Ba. One would expect
that metals on the left would displace metals on the right which were held
to a sorbent by chelation.

Experimental

Before investigating the specifically sorbed fraction of trace metals
in a sediment, the fraction held by ion exchange must be known. A comm in
method for determining exchangeable cations in soils involves leaching a
50-gram sample in a #2 Buchner funnel with successive 50-m1 portions of
neutral, 1 N NH4Ac until the total filtrate volume is 500 ml. The leachate
is then analyzed for exchangeable cations (Bear, 1964). Since sea water
is also a concentrated salt solution (approximately 0. 5 M NaCl and 0. 08
M MgCl2) it too should displace exchangeable cations. In order to test
this hypothesis, acetone-dried Dowex-50 cation exchange resin was ground
to approximately the particle size of a river sediment (124 to 61 µ) and
was then eluted in the apparatus shown in Figure 1. Zinc-65 tracer, as
-ZnC12, in a solution of 1 ppm stable Zn (as the chloride), was drawn through
the resin. The resin was then rinsed with 50 ml of distilled water. All
of the Zn65 remained on the resin. Two-hundred-fifty mis of filtered sea
water (S = 32. 4%) were drawn through the resin in a continuous stream.
Fifty ml portions of eluate were collected and analyzed for radiozinc. Ninety-
eight percent of the Zn65 held by the resin was displaced with Z50 ml of sea
water will displace Zn65 held by ion exchange.
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The relative efficiency of sea water versus ammonium acetate as an
eluate was evaluated. This comparison was needed since NH4Ac is the
standard reagent used :for determining exchangeable cations, while the
action of sea water in this regard is less well defined. Duplicate sediment
samples were eluted with 100 ml of sea water and with 1 N NH4Ac.
Although NH4Ac removed slightly more Zn65 than did sea water (5. 8%
and 3. 3% respectively), neither displaced a large fraction of the sediment-
sorbed Zn65 Two conclusions can be drawn: (1) sea water is nearly
as effective in removing exchangeable ions as is ammonium acetate; (2)
over 90% of the Zn65 in the sediment is non-exchangeable. (See Table 1,
previous report. )

Specifically sorbed Zn65 was determined by leaching the sediment
samples with 0. 05 M CuSO4. Cu II, which forms chelates of greater
stability than Zn II, should replace Zn6 , which could be measured in the
leachate. Because the rate of this reaction was unknown, desorption
curves at two flow rates near the rate to be used were obtained. Twenty-
five ml portions of effluent from 10-gm samples were counted and the
activity of each portion. plotted as a function of total eluate volume. Results
(Figure 2) show that 125 ml of eluant completed the reaction for flow rates
of 1. 25 ml/ min and 2. 5 /min.

The sediment samples chosen for desorption experiments were from
three sites - one from fresh water in the Columbia River (Puget Island);
one from water alternately fresh and salty, depending on tide (Astoria);
and one from sea water (Columbia River Lightship). The latter two were
frozen upon collection. To insure that freezing had not altered the spe-
cifically sorbed fraction, duplicate portions of the Puget Island sample
were leached; one, immediately upon collection and the other after freezing.
No significant difference was observed between the two portions (see
Table 1).

Each sample was eluted with 150 ml of 0. 05 M CuSO4. From 12. 5% to
53. 9% of the Zn65 was displaced (Table 1), considerably more than the
ion-exchangeable fraction.

There still remained the possibility that the acidity of the CuSO4 solution
(pH = 5. 3) was responsible for the zinc displacement. Many sorption re-
actions and solubilities are quite sensitive to pH. Therefore it was
necessary to leach a sediment with a buffer solution of about pH 5. Most
buffers for this pH contain potential chelating groups. Chelation by the
leaching solution might. remove zinc from the sediment. Acetate (sodium
acetate-acetic acid) was chosen as least likely to remove zinc by chelation.

When the sediment. sample was leached with 150 mls of 0. 1 M acetate
(pH 5. 0), only a small amount of Zn65 was removed, probably the exchangeable
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fraction (see Table 1) We conclude that the removal of Zn65 from
sediments with Cu Ilwas not a pH effect, but rather was a specific re-
placement of Cu U for Zn II. Our observation tends to support Mortensen's
(1963) suggestion that a chelation mechanism is responsible for the affinity
of sediments for. transition elements.

Summary of Conclusions

1. Sea water displaces Zn65 from ion exchangers.

2. The bulk of Zn65 in Columbia River sediment is not bound by ion
exchange.

3. A moderately large portion of Zn65 in Columbia River sediment can
be displaced by CuSO4.

4. The above effect of CuSO4 is not due to acidity.
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Table I. Zn65 extracted with various salt solutions.

Sample
Location

Date
Collected

% Sand :

%Mud
% Zn65 Removed

by Sea Water
% Zn65 Removed % Zn65 Re

by CuSO4 by pH 5 buffer

Puget Is. 3/23/65 44: 56 2. 2 + 0. 4 50.6 + 1. 2 4. 3 + 0. 5

3.3+0.3 53.9 +1.0

Astoria
(upper)

7/14/65 28#-72 0 12.5 + 0. 4

'``Columbia 4/25/65 0 : 100 --- 38.2 + 1. 2
Lightship 34.8 + 1. 0

this sample was treated in the field; the one below it was treated in the lab after freezing.

sample taken with a Dietz-Lafond grab sampler from the R/V YAQUINA near the Columbia
Lightship in 60 meters of water.

"O" signifies count rate in leachate below limit of detectability.

+ uncertainties calculated from counting error.
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3. Experiments Performed at Hanford Laboratories During
July - September 1964

Norm Cutshall

The interaction of Cr 51 and particulate river materials was
studied at Hanford Laboratories during the summer 1964 under an
AEC research fellowship. Sediment collected from McNary pool was
subjected to electrodialysis and to chemical attack in order to evaluate
the strength of the Cr 51-sediment interaction and to determine the role
of various sediment constituents (mineral, organic, iron oxides) in
Cr 51 fixation. Uptake of Cr 51 on Columbia River sediment was
studied by treating suspensions of sediment with Cr III and Cr VI.

It was concluded that Cr III is very rapidly taken up by sediment
material and forms a strong bond to the particle. Cr VI was taken more
slowly (possibly via reduction) but is likewise strongly held once sorbed.
Both the organic material an51 iron oxides in the sediment appeared to be
important in sorption of Cr .
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4. Cesium-137 and Strontium-90 in Natural Waters

K. Park and Y. Miyake

Water samples collected in the Columbia River and off the
Oregon coast were taken to Japan for analysis in July 1964. Work
was carried out in the Meteorological Research Institute, Tokyo.
The fuming nitric acid method was used for assay of Sr 90, while
Cs 137 analysis was by the ammonium molybdophosphate method.

Results are being evaluated for later publication. In general,
the data seem.. to indicate that the Columbia River contains more Sr 90
than sea water. On the other hand, there was less Cs 137 in the river.
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5. In Situ Probe

David Jennings

To determine the fate of radionuclides in the Columbia River,
attention must be given to the biota, water, and the sediments. Biota
can be collected and analyzed with relative ease. Likewise, water
sampling presents no great problem. No corresponding simple,
reliable method exists for collection of sediment samples with
sufficient sample size for radioanalysis. Coring tools, grab samplers,
and dredges either provide too little sample or cause too much dis-
turbance in the most active surface layer. The corer, which furnishes
the best sample, is often ineffective in sampling the sands which
compose the greater portion of the bottom of the Columbia River
estuary (1). Use of the in situ probe solves these problems. A much
larger area can be counted directly in the field without disturbing the
surface layers appreciably.

The probe employed for measuring gamma-ray emission of
sediments in the field has been described previously (2). However,
the probe is now equipped with 800 m of steel armored telemetric
cable (Amergraph) so that it can be utilized both in the river and in
the ocean.

Data reduction from the in situ spectra is accomplished by plotting
the photopeaks of each nuclide present and determining the area under
the curve with a planimeter. The instrument is remarkably drift-free
in the adverse environmental conditions. Small amounts of drift are
of little consequence anyway, since area under the photopeak is nearly
independent of gain setting in an operating region.

The sediment probe has been calibrated for Cr-51 and Zn-65, the
two gamma emitters which are the most prevalent in the Columbia
River estuary sediments. Known amounts of Cr-51 and Zn-65 in
solution were spread evenly over a circular board of twelve inch
radius. The board was then painted with a thin coat of paint and
counted in conditions similar to those of the river. The area under

The twelve inch radius was chosen because over 95% of the 1. 12 MeV
gamma-rays from Zn-65 are absorbed in 12 inches of water. Thus,
the activity seen by the probe in operation is almost all from an area'
inside this twelve inch radius.
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the photopeaks for this sample were compared with those for the
sampling sites, and the activities in picocuries per square inch of
surface area were obtained. In making these calculations we assume
that all the activity seen by the probe is in the thin layer of surface
sediments. This assumption is not completely correct, of course,
and the calibration is only as good as the assumption.

Figure 1 shows the location of sites sampled in the Columbia
River. Figure 2 gives surface sediment activity of Cr-5'1 and Zn-65
in pc/in2 and the Cr-51/Zn-65 ratio for each of the sampling sites.
Data obtained in August 1964, September 1964, and January 1965,
following the Christmas week flood, are distinguished by different
shadings. Cr-51 activity in the sediment is about 5 to 15 times that
of Zn-65 activity. That is, Cr-51 activity is about an order of mag-
nitude higher. Cr-51 is particularly more prevalent in sediments
which are judged to be of recent origin. For example, sample site 25,
which shows a low Cr-51/Zn-65 ratio, was taken in a 100 ft. deep
hole off Tongue Point where sediments are assumed to be older.
Samples taken near the channel of the river, where sediments are
continually eroded and redeposited, generally have a higher Cr-51/
Zn-65 ratio.

A comparison of the transport of radionuclides in the river water
at Pasco, Hood River, and Vancouver, showed that those radionuclides
which associate themselves with particulate material are depleted
from the river water by a factor of 5 to 10 during periods of low flow
rate. During the spring freshet, when the river flow rate increases,
the transport of these radionuclides at Vancouver may equal to or
exceed the input at Pasco. This situation is due to scouring action
which resuspends deposited sediments (3). Inspection of stations 2, 8,
20, 22, and 26 (Fig. 2) for which data occur both before and after the
flood of Christmas week 1964 indicate that scouring and redeposition
has likewise occurred in the estuary. The up-river and exposed
stations in the current stream show less activity; the sediments
redeposited in protected areas downstream exhibit an increase in
activity.

A sediment spectrum and a surface water spectrum at station 27
are shown in figure 3. The spectrum of the sediment is an order of
magnitude higher than the water, with an enhancement of Zn-65 with
respect to Cr-51. This enhancement is due to the greater tendency
of Zn-65 toward association with particulate material (4). Co-60 is
also evident in many of the sediment spectra but has never appeared
in the water samples.
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In Table 1 the total activities of the sediments are listed in
decreasing order along with the respective mean particle sizes (in
phi units, Trask) of the sediment. The smaller sediment sizes
(larger phi values) contain more of the radioactive material than do
the coarser sediments, although radioactive decay and local variations
in the sediments tend to mask the effect. Part of this effect is
probably due to the larger portion of organic matter contained in the
fine sediments.

Conclusion

The complex circulation and tidal effects of the estuarine system,
coupled with local variations and radioactive decay, make the
determination of a radioactivity budget for the Columbia River estuary
difficult. By using the in situ probe a rapid survey is possible, and
certain trends are discernible. The flushing action of the Christmas
week floods is apparent. The probe seems particularly adaptable to
a study of the relation between bottom fauna and sediment radioactivity.
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TABLE 1

Sampling
Site

Mean Diameter Total Activity
pc/in2

27 3. 61 1.42

9 3. 63 1.41

26 3.02 1.36

27 3. 76 0. 988

20 5. 48 0. 821

22 3. 85 0. 818

7 2. 75 0.453

3 2.90 0.430

6 3. 59 0. 377

5 3. 27 0. 347

21 3. 56 0. 215

8 2. 14 0. 200

28 3. 27 0. 180

16 2.00 0. 154

23 1. 77 0. 056
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6. Fallout Studies

N. Cutshall and R. Saxton

Studies of fallout radioactivity have been continued by observations
of lichens collected through western Oregon. Gamma-emitters that
were formerly predominant (Zr95 -Nb95, Ce141) have decayed
beyond our detection ability. Ce144 -Pr144, Cs137 and Mn54 are now
the most abundant gamma-emitting nuclides in lichen. Photopeaks from
other radionuclides are often observed. Antimony-125 has been ten-
tatively identified, and ruthenium-106 is sometimes present.

Chemical tests to confirm identifications made by gamma-ray
spectrometry and to search for other radioisotopes have been initiated.
Dissolving fallout materials is a major obstacle. Although attack with
strong acids is partially successful, appreciable fractions of the radio-
activity are not dissolved by these solvents nor by strong alkalies.
Fusion at 5000 C with NaOH has yielded water soluble and acid soluble
fractions which together contain all of the radioactivity from lichen ash.
A large sample (1200 gm) of lichen has been collected and will be chem -
ically treated to separate and identify the various activities present.

Analyses of smaller samples has yielded the following information:
(1) Mn54 has been confirmed by precipitation of Mn02 from nitric acid
solution. The 0. 84 Mev photopeak was totally recovered in the precip-
itate. (2) The gamma-emitter tentatively identified as Sb125 has ex-
hibited solubilities characteristic of antimony, but its isolation has not
yet been accomplished.

Lichens used in this study have been collected and identified by
Mr. Saxton, a graduate student in Botany.
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G INSTRUMENTATION

C. Osterberg

The capabilities of the laboratory were greatly increased in the
past report period. A new ND- 130 AT multichannel analyzer was added
to supplement our existing analyzer. The two AEC analyzers were
mounted in a single cabinet, and switching circuits were designed so
that the two instruments could share the same typewriter, X-Y recorder,
and punched tape handling equipment (Fig. 1). An additional circuit for
magnetic tape was included, in the event of future need.

Funds from a training grant with the USPHS provided a third
analyzer of identical design. This was mounted into a cabinet provided
with handles, for use both in the field and in the laboratory. This
analyzer was used for the in situ probe work described in this report.
In the laboratory, it is coupled to a 3 x 5-inch solid NaI (TI) detector in a
large lead cave. Large samples are counted on top of the detector.
Figure 2 shows the USPHS system being used to count precipitates
(500 mis) condensed from 160 gallon sea water samples.

A separate contract with the AEC provided a Perkin-Elmer Model 303
Atomic Absorption Spectrometer (Fig. 3). This is used for analysis of
stable transition elements in sea water and marine animals. It ha:3 also
proved very successful in measuring changes in calcium and magnesium
in crayfish. This work was carried out by a graduate student in Zoology
(physiology). A dust-free sample preparation chamber (see background
in picture) has helped reduce air-borne contamination of our samples.
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H RADIONUCLIDE SPECTRUM ANALYSIS

Lawrence C. Frederick, I. Lauren Larsen, and Susan Borden

Up to the present time, analysis of samples counted by our gamma-
ray multichannel spectrometers has been confined to examination of
photopeaks. A sample having only one radionuclide was first counted
on a spectrometer, and the background counts were subtracted from the
resulting spectrum. The remainder was the entire "fingerprint" identifying
the contained radionuclide and indicating its activity. This spectrum
contained up to 255 channels of useful data, each channel being 10 kev
wide. However, only the data appearing in the photopeak of the spectrum
could be used to determine nuclide activity. Thus, only 20 channels of
data at most were subjected to a minor statistical analysis.

If more than one radionuclide were present in the sample, a simple
process of spectrum stripping or nesting was used to separate the super-
imposed spectra. The stripping began with the removal of the gamma
emitter with the highest energy and progressively worked down to the
low energy emitters. In this process errors tended to accumulate.
Analysis for Cr51, at the low energy end of the spectrum (0. 32 Mev),
was especially subject to error.

The spectrum stripping process could be done with a desk calculator,
but the number of successive corrections required also increased the
possibility of human error. The latter was eliminated by using a program
written for the IBM 1620 for the stripping calculations. However, this
did nothing to improve the accuracy of measurement of gamma emitters
at the low energy end of the spectrum. The IBM 1620, the only available
computer at the time, was not capable of more sophisticated analysis.

When the IBM 1410 became available, we prepared a method of
analysis that would yield more uniformly reliable data for the mixed
radionuclides that appear in our oceanic samples. We consider it an
improvement over spectrum stripping for the following reasons:

1. All 255 channels of data are utilized.
2. Results are based on standard pure radionuclides of known activity.
3. A large number (theoretically) of superimposed spectra can be

unfolded. (The actual number is limited by computer storage
capacity. )

4. Spectra with superimposed photopeaks can be resolved. (This
previously was impossible. )

5. Statistical variations in counting are considered.
6. Correction factors (such as Compton correction) are unnecessary.
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The method, accepted by many investigators in the field (1), is based
on the principle of least squares. We assume that the spectrum of a
sample can be approximated by a linear combination of the,spectra of
several pure radionuclides of known activity. The unknown parameters
in this linear combination are the activities of the radionuclides present.
When these parameters are determined, the resulting synthetic spectrum
approximates the original spectrum as closely as possible.

Theoretically, any number of standard nuclides may be.used. The
size of the available computer, however, limits this number, in our case,
to six. We estimate from the graphic output of our gamma-ray analyzer
which radionuclides are present. These, plus a few more, are used as
the standard nuclides.

Background counts are subtracted from each sample spectrum before
the spectrum is processed. This operation results in negative counts in
a few channels. These negative counts are regarded in the program as
zero counts.

The method of least squares requires the variances of the observa-
tions to be equal. Since our data do not satisfy this condition, their
variances must be multiplied by appropriate weighting factors. If such
weighting factors are' not used, undue influence will be given to energy
regions of high count rates. The weighting factor we use is the reciprocal
of the sample count rate for each channel. Since count rates greate
than 100, 000 are rare, the lower limit of the weighting factor is 10
The upper limit is set at 5. This factor represents a count rate of 0. 2,
the point at which background counting is of concern.

After the activity of each nuclide is determined, the synthetic spec-
trum is generated. The synthetic spectrum is then subtracted from the
original spectrum, and the entire analysis is repeated using this residual
spectrum in place of the original spectrum. The results of this operation
represent corrections to the activities already determined.

A new synthetic spectrum based on the corrected activities is generated,
and the corresponding residual spectrum is found. Standard deviations of
the corrected activities are determined in the usual manner (2).

To facilitate comparison of results, we also determine the activity
in picocuries per gram of sample on the day of sample collection.
The standard deviation is also expressed in these units.
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The printed output of the program contains the following information:

1. The uncorrected and corrected activities of each nuclide suspected
to be present in the sample,

2. The activity of each nuclide and its standard deviation expressed in
picocuries per gram on the day of sample collection,

3. The residual spectrum.

The computer program for performing the calculations indicated above
is written in 1410-7010 FORTRAN (1410-PR-155). It requires an IBM
1410 computer with 40, 000 digits of storage and at least two magnetic
tape inputs. A listing of this program appears in Appendix A of this
report.

Spectra compiled by the multichannel analyzer are punched into 8-
channel paper tape. These tapes are maintained as permanent records of
of the samples that are analyzed. The IBM 1410 cannot accept paper
tape as an input medium. Thus, the data must be transferred to punched
cards before we can use the computer program. To speed the tape-to-
card operations, we use an IBM 870 Document Writing System which is
capable of producing punched cards directly from paper tape.

The main program requires three types of input: (1) the standard
nuclide spectra (on cards), (2) products of all possible pairs of standard
spectra (on tape), and (3) the unknown sample spectra. The first two
of these types of data are "constants" and are generated by a separate
program, known as the standard nuclide program. (See Appendix B for
a listing of this program. )

The standard nuclide samples are counted and punched into cards
via the Document Writing machine. The resulting cards are preceded
by a header card (punched manually) which contains the name of the
nuclide, the number of minutes it was counted, the number of pico-
curies known to be in the sample, and the half life (in days) of that
nuclide. These data are then processed by the standard nuclide program
which determines the count rate per picocurie in each channel for each
nuclide. These results are automatically punched into cards which are
the standard spectra data required by the main program.

The standard nuclide program also generates the magnetic tape which
contains the products of all possible pairs of spectra. The number of
such products is so large that they cannot be stored all at once in the
computer. For this reason, they are stored on magnetic tape. This
tape is kept at the computing laboratory and is mounted on the appropriate
tape unit when the main program is run.
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The cards that represent a sample spectrum (22 cards in all) are
also punched directly from the paper tape. They are preceded by a
header card which contains the following information: the sample
identification, the number of minutes the samples was counted, the
time elapsed between collection and counting (in days), and the sample
size (in grams). The header cards are punched manually. These 23
cards, then, represent all the data for a given sample. The sample
spectra cards are not kept because their bulk presents a storage
problem. Should a spectrum need to be reprocessed, new cards can
be generated from the paper tape.

The use of this method for spectrum analysis requires an understanding
of the following constraints:

1. The least squares method is based on the assumption that the
data represents a linear model with normal (Gaussian) energy
distribution. Such is not the case If anything, distributions
follow a Poisson field and are non-linear in energy with pos-
sible covariance. Normality must be assumed, however, and
indeed is justified to the extent that high activities are not
present. The assurance of low activity gamma counting means
that effects such as random summation counting may be
neglected.

2. All gamma analyzers must be in perfect calibration at all times,
with as much minimization of drift as possible. This means
excellent regulation. The success of the method hinges on this
important point. Standards and samples must be counted in the
same analyzer configuration. Otherwise the results are mean-
ingless. There must be standard nuclide data for each analyzer,
and these must never be interchanged.

3. All radionuclides must be of appreciable half life compared to
the counting time. The program would need to be modified to
account for significant decay during counting time.

4. If there are more radionuclides in the unknown sample than
there are standards for the fitting, the resultant activities may
be inaccurate. The residual spectrum, will, however, show
peaks in those channels where the unpredicted components
have photopeaks. If there are exactly the same number and kind
of radionuclides in the unknown as there are standards for
fitting, the results should be within 0. 01% of the true values.
Finally, if there are fewer radionuclides in the unknown than
there are standards for fitting, the results will be within 5%
of the true values at most (3).
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We tested this last condition by processing the standard spectra
as unknowns. In these spectra, where the activity was known, the
predicted activity was equal to the true value, a result to be expected,
but interesting to see.

In order to check the accuracy of the technique for unknown samples
we counted the same sample ten times, each count being of ten minute's
duration. The ten resulting spectra were processed by the computer
program. The activities of each of three nuclides and the respective
standard deviations are listed below. The mean of each activity and the
error of that mean are also shown. Neither the mean nor the error of
the mean are calculated by the program. We conclude that our results have
a typical accuracy within 5% of the true value and precision of 4% about
the predicted value.

Table 1. Comparison between 10 consecutive counts in a 5" well of a
12 ml solution containing cesium-137, manganese-54, and
zinc-65.

Sample
10 min. count

BG sub. Mn54 ' n65 " s
137

`'

A 226.95 17.41 134.57 22.67 440.70 23.18
B 243. 01 18.55 124.49 22.66 425.98 23.89

C 226.94 20.98 128. 01 26.69 433. 56 27.84
D 229.86 21.58 150.60 29.07 418.52 28.00
E 237.57 19.28 142.65 25.30 415.21 24.65
F 223.94 18.25 136. 08 23,88 423.71 24. 10

G 228.75 19.59 152. 18 27.07 435.23 25.90
H 234.00 22.34 133. 58 28.43 419.24 28.77
I 221.21 19.17 130.08 24.93 422.05 25.31

J 237.48 22.01 145.38 28.84 417.94 28.14

x = 230.97 137.76 425.21

gr = 6.54 9.06 8.31
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Appendix A. FORTRAN Program for Spectrum Analysis by the Method
of Least Squares.

DIMENSION G(255),C(256),W1255)tF(255)tT(6),A(6)EL16),OC(6),B(6),
LX(6,6),Z(6),R(6),P(255),SD(6)

11 FORMAT(A8,E14.8,F10.0/(6E12.6))
12 FORMAT(A8,2F5.0,F8.0)
13 FORMAT(12F6.0)
14 FORMAT(1F1,A8//14H COUNTING TIME,F7.0,5H MIN./12H SAMPLE SIZE,

1F9.2/13H ELAPSED TIME,F8.0,5H DAYS//8H NUCLIDE98X,1 HA,8X,6HCORR Al
27X,41-+PC/G,7X,7HSTD DEV/)

15 FORMAT(IH ,A8,4F12.4)
18 FORMAT12I3)
17 FORMAT(10F10.2)

PAUSE 1
REWIND 4
REWIND 5
REWIND 6
REAL (I, IE )KU,N
CO 203 I=I,N
REAC(I,11)EL(I),Z(I),DC(I),(G(L),L=1,255)

203 WRITE(4)(G(L),L=1,255)
ENDF ILE4
REWIND4

202 REAC(5) KO,NO,MO
CO 210 I=1,MO
REAC(5)1C(L),L=1,255)

210 WRITE(6)(G(L),L=1,255)
ENCFILE6
REWINC6

100 CO 5 I=1,N
CO 5 J=1,N

5 X(I,J)=0.
REAC(1,12)SAMPLE,CT,ET,SS
IF(CT.EQ.O.) GO TO 999
REAC(1,13)(C(I),I=1,256)
Q=1./CT
CO 1 1=1,255
L=I+1
IF(C(L).CE.100000.) C(L)=0.
C(I)=C(L)*Q
IF(C(I).LE..2) GO TO 6
W( I )=l./C( I )
GO TO 1

6 W( 1)=5.
1 CONTINUE
CO 315 I=1,N
REAC(4)(G(L),L=1,255)
T(I)=Z(I)
CO 315 J=1,255
IF(C(J).EQ.0.) T(I)=T(I)-G(J)

315 CONTINUE
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REWIND 4
CO 3 I=19N
CO 3 J=1 9N
REAC(6)(G(L),L=1,255)
X(I,J)=0.
CO 3 K=1,255
IF(C(I).EQ.O.) GO TO 3
X(I,J)=X(I,J)+G(K)*W(K)

3 CONTINUE
REWIND 6
CO 4 I=29N
CO 4 J=1,I

4 X(I,J)=X(J,I)
CO 314 K=1,N
COM=X(K,K)
X(K,K)=1.
CO 311 J=1,N

311 X(K,J)=X(K,J)/COM
CO 314 I=1,N
IF(I-K) 312,314,312

312 COM=X(I,K)
XII,K)=0.
CO 313 J=1,N

313 XI I , J) =X (I , J)-COM, X (K, J )
314 CONTINUE

CO 10 I=19N
A(I)=0.
CO 10 K=1,N

10 A(I)=A(I)+X(I,K)*T(K)
CO 316 1=1,255
P(1)=0.

316 F(I)=O.
CO 22 1=19N
REAC(4)(C(L),L=1,255)
CO 22 J= 1, 255

22 F(J)=F(J)+A1I)*G(J)
REWIND 4
CO 317 J=1,255

317 F(J)=C(J)-F(J)
CO 318 I=1,N
T(I)=0.
REAC (4) (GI L 1, L=1, 255 )
CO 318 J=1,255

318 T(I)=T(I)+W(J)*G(J)*F(J)
REWIND 4
CO 319 I=19N
R(I)=0.
CO.319 J=1,N

319 R(I)=R(I)+X(I,J)*T(J)
CO 320 I=1,N

320 R(I)=A(I)+R(I)
CO 321 I=19N
REAC(4)(C(L),L=1,255)
CO 321 J=1,255
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321 P(J)=P(J)+R(I)*G(J)
REWIND 4
SUM=O.
CO 322 J=1,255
F(J)=C(J)-P(J)

322 SUM=SUM+F(J)*F(J)
SUM=SUM/250.
Q=1./SS
CO 21 I=19N
CQ=Q*EXP(OC(I)*ET)
SD(I)=SQRT(SUM*X(I,I))*QQ

21 8(I)=R(I)*QQ
WR ITEI 3, 14 ) SAMPLE,CT, SS,ET
WRITE(3, 15)(EL(I),A(11,R(I),8(I),SD(I),I-1,N)
WRITE(3,17)(F(J),J=1,255)
GO TO 10C

999 PAUSE 2
STOP
END
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Appendix B. Standard Nuclide Program.

CIMENSION G(256),F(255),X(255)
CIMENS ION C(256)

10 FORMAT(2X,A8,F6.0,E1C.4,F10.0)
12 FORMAT(IH ,5E15.6)
13 FORMAT(IH1,I3,2X,A8,5X,IPE15.8)
14 FORMAT(12F6.0)
15 FORMAT(313)
16 FORMAT(6HIUNIT ,I3,5X,13,9H NUCLIDES//)
17 FORMAT(A8,E14.8,F10.8)
18 FORMAT(6E12.6)

PAUSE 1
REWIND 4
REWIND 6

100 REAC(1,15) KO,NO,MO
IF(KO.EQ.0) GO TO 111
WRITE(2,15) KO9NO
WRITE(3,16)KO,NO
WRITE(6)KO,NO,MO
CO 20 J=1,NO
REAC(1,10)XNAME,CT,Q,DC
REAC(1,14)(G(I),1=1,256)
C=1./(Q*CT)
T=O.
CC 1 1=2,256
IF(G(I).CE.ICCCCO.) G(I)=0.
G(I)=G(I)*Q

1 T=T+G(I)
WRITE(4)(G(I),1=2,256)
WRITE(2,17)XNAME,T,DC
WRITE(2,18)(G(I),1=2,256)
WRITE(3,13)J,XNAME,T

20 WRITE(3,12)(G(I),I=2,256)
ENC FILE 4

21 REWINC 4
K=1

2 CO 3 I=1,NO
REAC(4)(0(II),11=1,255)
IF(I.LT.K) GO TO 3
IF(I.EQ.K) GO TO 4

3 CCNTINUE
9 N=I+1

CO 5 J=N,NO
REACl4) (F(L),L=1,255)
CO 6 L=1,255

6 X(L)=F(L)*G(L)
5 WRITE(6)(X(L),L=1,255)

REWIND 4
K=K+1
GO TO 2
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4 00 8 L=1,255
8 X(L)=G(L)*G(L)

WRITE(6)(X(L),L=1,255)
IF(K.EQ.NO) GO TO 100
GO TO 9

111 ENDFILE 6
REWIND 6
PAUSE 2
STOP
END
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PELAGIC ANIMALS

W. G. Pearcy

Radioecology

A. Vertical, Daily, and Seasonal Variations in Radionuclides

Our studies evaluate the biomass and associated radioactivity of
animals from different depths in the open ocean to show the role of
these organisms in the cycling and transport of trace elements. The
comparatively high levels of radionuclides, like zinc-65, found off
Oregon offer a unique opportunity for radioecologic research of this
nature in the open ocean.

A vertical flux or movement of zinc-65 associated with oceanic
animals was indicated by Pearcy and Osterberg (1964). Higher levels
of Zn65 in animals collected per 1000 m3 were found in surface waters
at night than during the day. This suggests the importance of vertical
migrations in influencing the distribution of radionuclides across the
halocline, a density structure greatly restricting physical mixing. Our
studies show night catches to be larger than day catches in a column of
water 1000 m deep. Since this presumably includes the entire depth
range of the common species, some animals must avoid the net more
effectively during the day. Thus vertical migration and avoidance affect
day-night differences in catches and both must be considered in studies
of this nature.

Although surf ace-caught animals had higher zirconium-95 activity
than deep-caught animals during this first series of collections, this
was not the case, to our surprise, for zinc-65. Zn65 was fairly uniform
with depth in the upper 1000 m. Further study has shown that seasonal
changes occur in the vertical distribution of zinc-65. Only during the
winter is the zinc-65 activity per gram similar at all depths.' During
the summer animals from surface waters have markedly higher activity
(see Pearcy MS). In other words, seasonal variation in zinc-65 are
apparent in animals from upper waters while low, near steady-state con-
ditions appear to exist below 500 m.

In all collections, the zinc-65 activity per gram of sample was higher
at night than during the day in the upper layer. This suggests that mi-
gratory animals, those living below surface waters during the day, actually
accumulate more zinc-65 than non-migratory surface animals. . We suspect
euphausiids to be important in influencing these results: they have a
relatively high zinc-65 activity, migrate vertically, and avoid the net

I
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FIGURE I. GAMMA SPECTRA OF MESOPELAGIC FISHES. THE UPPER FOUR SPECIES ARE
SHALLOW SPECIES COMPARED TO THE LOWER. FOUR SPECIES.
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effectively during the day.

B. Accumulation of Radionuclides by Different Species of Pelagic Animals

Over 600 single-species samples of pelagic animals, representing
the common organisms off Oregon, have been radioanalyzed. The data
from these radioanalyses are currently being processed by computer
and will soon be available for comparisons. An example of the results
are given in Figure 1 where spectra are shown for fishes collected at
500 m (upper spectra) and below 500 m (lower spectra). Definite differences
are also indicated in the zinc-65 content of deep and shallow fishes and
crustacea in Figure 2. Further data of this nature will enable detailed
examination of the differences in accumulation of radionuclides among
species at varying depths and seasons.

C. Gamma Emitters in Albacore Tuna

Over 100 livers of albacore tuna from the northeastern Pacific have
been radioanalyzed during 1964-1965 providing data on the accumulation
of radionuclides by top carnivores in the oceanic food chain. Seasonal
and geographic variations in gamma emitters are evident (Figure 3).
Albacore caught well offshore have higher manganese-54 and lower zinc-65
activity than those caught inshore or closer to the mouth of the river.
Though the increased Zn65 content of fish in the vicinity of the Columbia
River plume is understandable, reasons for the differences in Mn54 are
less apparent. Perhaps these spectra will furnish a clue to the prior
residence of these migratory animals.

D. Trace Element Analysis

Our initial efforts in atomic absorption spectrophotometry have been
to establish reliable techniques and to evaluate the sources of variation
(see Wyandt, Tennant and Pearcy). A coefficient of variation of 5% was
found for replicate observations of standard zinc solutions and 7% for
single samples of animal ash. Variation between different samples of
the same animal was high partly because of differences in the quality of
ash. Significant differences in zinc content were found between individuals
of the same species. In one case this was inversely related to size of the
organisms

E. Radioactivity of Benthic Fishes

This aspect of our program, conducted in cooperation with the Benthic
program, relates the radioactivity of predatory benthic fishes with that of
the benthic invertebrates. Food habits of the fishes are being studied so
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that predator-prey relationships can be established. In addition, the
radioisotopes and stable isotope's of benthic fishes will help us estimate
vertical transport rates by specific activities.

II. Oceanic Collections

Our field program in oceanic ecology is essential not only to furnish
animals for nuclide analyses but also to supply data on the distribution,
abundance, and ecology of the organisms. During the past year, six
radioecology cruises were made, specifically to sample animals from
different depths. On the last cruise radiozinc and stable zinc were
measured in animals and in the water both above and below the plume.

Thirty tows were made using Isaacs-Kidd. midwater trawls with
Multiple Plankton Samplers as opening and closing cod-end units. This
adaptation of the midwater trawl, described by Pearcy and Hubbard (1964)
provides samples from 0-150 m, 150-500 m, and 500 - 1000 m during
each tow. In addition 77 collections were made with midwater trawls or
one-meter plankton nets to various depths to furnish animals for radio-
analysis and biomass estimates.. Our collections with opening and closing
one-meter nets to 1500 m, utilizing a new swivel-clamp (Renshaw and
Pearcy, 1964) have been terminated. These collections are providing
data on the vertical distribution and migration of common zooplankton,
e. g. , euphausiids, chaetognaths and amphipods.

The pressure chamber system for calibration of the pressure-actuated
release device of the Multiple Plankton Samplers is completed and has
been successfully used. This has not only improved our accuracy of
opening and closing nets at various depths, but has also allowed more
efficient use of ship time since all pressure testing of equipment can be
completed ashore.

Since the last progress report seven papers have been published,
one is in press, and one has been submitted for publication.

Pearcy, W. G. and C. L. Osterberg. 1964. Vertical distribution
of radionuclides as measured in oceanic animals. Nature
204: 440-441.

Pearcy, W. G. 1964. Some distributional features of mesopelagic
fishes off Oregon. J. Mar. Res. 22: 83-102.

Pearcy, W. G. and L. Hubbard. 1964. A modification of the Isaacs-
Kidd midwater trawl for sampling at different depth intervals.
Deep-Sea Res. 11L 263-264.



FIGURE 3. EXAMPLES OF GAMMA SPECIES OF THE LIVERS OF ALBACORE TUNA. THE UPPER SPECTRUM IS
OF A FISH COLLECTED 135 MILES WEST OF BROOKINGS, OREGON ON JULY 28, 1964. THE LOWER SPECTRUM
IS OF A FISH COLLECTED 85 MILES WEST OF BROOKINGS ON SEPTEMBER 1, 1964.
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1. Depth, Daily, and Seasonal Variations in the Biomass
and Zinc-65 in Midwater Animals off Oregon

William G. Pearcy

Introduction

Since the elemental composition of marine animals may differ
markedly from their environment the potential role of animals in modifying
the distribution of elements and radionuclides by their own movements has
been recognized. Migrations may result in a net transport of elements
from areas of high concentration to areas of low concentration. Vertical
migrations of small nektonic animals are of singular importance because
many oceanic animals undertake daily vertical migrations to surface
waters at night. Moreover, their movements frequently penetrate den-
sity gradients that impede physical mixing of surface and subsurface
waters (see Ketchum, 1960; Revelle and Schaefer, 1958). Ketchum and
Bowen (1958) suggest that vertical transport by animals may equal. or
exceed transport of radioisotopes by physical processes.

Pearcy and Osterberg( 1964), in an attempt to measure the flux of
radionuclides caused by vertical migrations off Oregon, found definite
day-night differences in the total amount of.zinc-65 in animals per 1000 m3
collected within various depth zones. In surface waters (0-150 m) Zn65
in the animals per 1000 m3 was much higher during the night than during
the day. This difference, if due to vertical migration, indicated a
vertical flux of Zn65 across the density discontinuity caused by the
halocline.

Zinc-65 is introduced to the Pacific Ocean off Oregon primarily
from the Columbia River, where zinc in the coolant waters of the Hanford
nuclear reactors is neutron activated. Its secondary source is fall-out
(Osterberg, et al. 1964). In either case, zinc-65 enters the ocean at
the surface. Hence, our finding that zinc-65 activity per gram of animal
tissue did not vary significantly with depth in the upper 1000 m was sur-
prising. Intuitively, a decrease was expected because of the increased
time, and concomitant radioactive decay, required for accumulation by
deep-water organisms.

This study is a continuation and a re-evaluation of the preliminary
one. Its purpose is to describe seasonal as well as daily variations in
the zinc-65 activity and associated biomass of oceanic animals from
three depth strata in the upper 1000 m off Oregon.
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Methods

All collections were made within a 6-foot Isaacs-Kidd midwater
trawl, except during one cruise (December) when a 10-foot model was
used. The trawls were adapted with a Multiple Plankton Sampler for
an opening and closing cod-end unit. This provided samples of animals
from 0-150.. 150-500, and 500-1000 m. A uniform mesh size (5 mm or
3/8-inch) was used throughout the trawls. A depth-distance recorder
enabled calculation of the volume of water filtered. See Pearcy and
Hubbard (1964) and Pearcy and Laurs (in prep.) for further details on
collection methods.

Tows were made at a single station, approximately 50 miles off
Newport, Oregon, where the depth of water is about 2000 m. Both day
and night collection were made within each depth stratum. Samples
were collected on thirteen cruises from April 1963 through March 1965.
The data are incomplete for several tows because the depth-distance
recorder or the pressure release device malfunctioned.

After each cruise, whole collections of animals were drained,
weighed (wet-preserved weight) and volume was determined. Then they
were placed in one liter polyethylene bottles, and radioanalyzed on top
of a 5 x 5-inch Harshaw NaI(Tl) crystal for 400 minutes. Two samples
were counted in the well of the crystal in 13 ml plastic tubes because of
their small volume. The counts were adjusted for variations in geometry
due to differences in sample volumes. This was accomplished with a
calibration curve which was determined by serial dilution and counting
of a known amount of Zn65 in a 1 liter bottle. The background Zn65
activity averaged 45. 61iµ c/g (S. D.. 1. 15) for 1 liter polyethylene bottles
filled with distilled water and counted on top of the crystal and 44. 411µ c/g)
(S. D. = 0. 82) for sugar-filled tubes counted in the well of the crystal.
The total number of picocuries (µµc) counted in each of the 157 samples
analyzed, after subtraction of background,exceeded three standard
deviations of background (minimum detectable activity) in all but eight
samples. Compton scattering due to K40, which accounted for about
20% of the zinc-65 activity was not subtracted. Counts were corrected
for elapsed time and -converted to picocuries per gram wet weight.

Results

Seasonal variations in the zinc-65 activity per gram of biomass
within the upper 150 m are clear. Peak values ( 2µµ c/g) are found
during the summer; lowest activities (0. 2µµ c/g) are found during mid-
winter for both years (Figure 1). Though these same seasonal variations
are evident within 150-500 m stratum, the peak summer values are less
pronounced than in surface waters. In deep water (500-1000 m) zinc-65
activity is low, averaging less than 0. 2 µµ c/g, and demonstrates little
or no seasonal trend.
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Day-night differences are also evident, especially in surface
waters. Here the average activity per gram for animals collected
during the night was almost always higher than for those collected
during daylight. Consistent day-night differences are not observable
at either mid,-depths or in deep-water, however.

Although seasonal variations in the number of mesopelagic fishes
and oceanic squids have been observed off Oregon (Pearcy, 1964, Pearcy,
in press, and Pearcy and Laurs, in prep. ) such variations are not
clearly evident from Figure 2 which shows the variations in biomass.
The average biomass per 104m3 captured after dark consistently
exceeded that captured during daylight. Otherwise seasonal or daily
differences are undiscernable.

The zinc-65 per 104m3 (Figure 3), a product of zinc-65 per gram
and biomass, shows trends similar to those shown in both Figures 1 and
2. High levels in the zinc-65 per 104m3 occur during the summer during
both years and for both day and night periods within the surface and mid-
depth layers. Zinc-65 activity of the animals is higher during this
season (Figure 1).

The total activity is invariably higher in surface waters at night
than during the day. This is a reflection of the zinc-65 per gram and
the biomass (Figures 1 and 2).

Neither diel or seasonal variations are apparent below 500 m.

Discussion

These data show the dangers of generalizing from a single series
of observations. Although zinc-65 per gram may be nearly the same at
all depths during the winter off Oregon, this was clearly not the case,
during all other seasons. During the summer, the activity of surface-
caught animals may be an order of magnitude higher than that of deep-
water animals. The reasons for this are not certain, but the location
of the Columbia River plume to the south and off Oregon during the
summer and to the north during the winter seems a major factor.
Metabolic requirements for zinc may also vary seasonally. The result
in any case is that in winter all depths are similar in regard to zinc-65
per gram, during the summer the animals, especially those nearest
the. surface, accumulate more zinc-65.

Deep-water animals remain fairly consitent in Zn65 activity
year-around, suggesting steady-state conditions at this depth. Is this
deep-water activity, or the activity at all depths during the winter a
general result of low-level fallout, or is it related to the Columbia River?
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Two samples from the mid-Pacific (36° 35'N, 1410 11' W and 35°
00'N, 142°55' W collected March 1 and 2, 1965), far from the Columbia
River were radioanalyzed, to see how they compared with samples of
lowest activity from Oregon. These values are shown. in Table I.
The mean of either deep-water samples or surface samples collected
during the winter were about equal to these mid-Pacific samples, after
subtraction of one standard deviation.

Table I. Comparison of the zihc-65 activity of Oregon with Mid-Pacific
collections.

Oregon Samples
µµ c Zn65/g

Mid-Pacific Samples
µN- c Zn65/g

mean s. d.

0-150 m
December-March 0. 36 + 0.21 0. 13

500-1000 m
Year around 0.28 + 0. 15 0. 14

These results suggest that during the winter the Zn65 activity
in our animals is near background level for the North Pacific. Osterberg
et al. (1964) found that the levels of Zn65 in Euphausia pacifica from
Oregon waters was several times higher than that of euphausiids from
Alaska or Southern California even during the winter. This disparity
between the two studies suggests that our midwater trawl animals
differ from E. pacifica in either the accumulation or the biological half-
life of Zn65.

Surface collections in the open ocean actually capture more
animals during the night than during the daylight hours. Thus, the
higher biomass at night (Figure 2) is expected. But why is the zinc-65
activity per gram higher during the night than the. day? If more vertical
migrants are captured at night, then a lower rather than a higher average
activity would be expected at night because migrants reside below
Columbia plume waters during the day. Hence they would reside in
plume waters during both day and night.

Differences in species composition between day and night
collections may explain the day-night differences in radioactivity. The
biomass of the common components of the midwater trawl catches are
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shown in Figure 4. Higher night than day catches of all groups are made
in surface waters. However, a complementary change with higher day
than night catches is not clearly seen at mid-depths. Therefore, these
surface differences may be due to either vertical migration or differential
avoidance of the trawl (Pearcy and Laurs, in prep. ).

The composition of the cominant biomass component, the
macroplankton, is of particular interest. During the night, surface
catches are dominated by euphausiids, but during the day euphausiids
are rare or absent in catches from all depths. Apparently they are
capable of avoiding or escaping the trawl almost completely during day-
light hours. This suggests that euphausiids, which are known to concen-
trate Zn65 to a higher degree than many other species (unpublished data),
account for the high zinc-65 activity of nighttime surface catches. It
further suggests that vertical migrants like euphausiids may actually
accumulate more radionuclides than non-migratory surface forms,
despite the fact that they reside in surface waters a much shorter time
during a 24-hour period. Animals collected in surface waters during
the day, such as ctenophores, medusae, chaetognaths, etc. may have
a much higher activity on a dry-weight than wet-weight basis, however, so
this factor must also be considered.

If euphausiids have a higher zinc-65 activity than other animals
collected in the trawl, their occurrence may also explain some of the
seasonal variations in Zn65 per gram. A positive correlation is seen
in Table 2 between the average picocuries per gram and the proportion
of the catches due to euphausiids for 0-150 m collections during summer
and winter. During the winter euphausiids are much less abundant in
our catches than during the summer. Perhaps our winter values for
zinc-65 activity are near background (Osterberg et al. indicated levels
above background for this time of year in euphausiids) because of the low
biomass of euphausiids in our winter catches.

Table 2. Average picocuries per gram and proportion of euphausiids in
0-150 m in catches made at night.

June-Sept. Sept-June

Average µµ c/g 2. 53 0. 57

Euphausiid weight x 100 79% 46%Total weight of catch
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2. Vertical Distribution of Oceanic Shrimps off Oregon

W. G. Pearcy and C. Forss

This study examines the catches of midwater shrimps from different
depths in the Pacific Ocean off Oregon and extends our knowledge about
their vertical distribution and migration.

Methods

Most collections of pelagic shrimps were made at a single station
50 miles off the Central Oregon Coast where the depth of water is about
2000 m. Collections were taken during all seasons of the year. Eighty-
two tows were made with a six-foot Isaacs-Kidd midwater trawl to suc-
cessive depths of 200, 500, and 1000 m during periods of. daylight and
darkness and 18 stratified tows were made within the upper 200 m.
Later in the study a Multiple Plankton Sampler, adapted as an opening
and closing cod-end unit for this trawl, provided 63 collections from
depths of 0-150 m, 150-500m, and 500-1000 m. This trawl was lined
with 5 mm mesh throughout and a depth-distance recorder enabled esti-
mates of the volume of water filtered. These methods have been more
fully described previously (Pearcy, 1964, and Pe arcy and Hubbard,
196 4).

Samples were preserved at sea in 10% buffered formalin . Later
the shrimps were removed from the collections, identified, sexed, and
measured ashore.

Results

Vertical distributions of 16 species of shrimps, based on the non-
closing midwater trawl catches, are shown in Table 1. The shrimps
can be classified into three groups based on these catch data: (1) those
captured in tows to all depths: 0-200, 0-500, and 0-1000 m; (2) those
absent from 0-200 m collections and found only in deeper tows; and (3)
those shrimps only captured in tows to 1000 m. The species of shrimps
are arranged in this general order in Table 1.

Sergestes similis was by far the numerically dominant species in
our catches. It occurred in tows to all depths, but was most abundant
in tows within the upper 500 m. It was the only species collected during
the day in 0-200 m tows but the numbers then were low, however, com-
pared to the high catches at night. In near-surface waters at night,
catches in 0-500 m tows were the same during both day and night periods.
Higher day than night catches in 0-500 m tows would be expected if vertical



Table 1. Catches of shrimps in midwater trawl tows to three depths: 0-200 m, 0-500 m, and 0-1000 m.

0-200 m 0-500 m 0-1000 m
DAY

12 tows
-7. 4 hrs

- NIGHT

20 tows
-14.3 hrs

DAY

12 tows
-20.5 hrs

NIGHT

12 tows
-20.5 hrs

DAY

17 tows
-61 hrs

NIGHT

9 tows
-26. 1 hrs

Species
No/
Hr.

Total
No.

No/
Hr.

Total
No.

No/
Hr.

Total
No.

No/
Hr.

Total
No.

No/
Hr.

Total
No.

No/
Hr.

Total
No.

Sergestes
similis 3.7 26 273.5 3829 53.7 1128 52. 8 1109 9.4 573 14.8 384-

Pasiphaea
chaecei .0 0 . 29 4 .0 0 . 1 2 . 02 1 .0 0

Pasiphaea
pacifica .0 0 .07 1 .05 1 .1 2 .07 4 .08 2

Petalidium
suspiriosum .0 0 .07 1 .48 10 .05 1 2.0 120 3.5 91

Hymenodora
frontalis 2.6 55 2.5 53 6.4 388 10.5 273

Bentheogennema
n. sp. .14 3 .86 18 .87 53 .81 21

Systellaspis
braue ri .0 0 .24 5 .39 24 .35 9

Noto s tomus
japonicas .05 1 0 .05 3 .08 2

Gennadas
propinquis . 05 1 .05 1

Hymenodora
gracilis 1.3 76 .58 15



Table 1. Continued

No/ Total No/ Total No/ Total No/ Total
Species Hr. No. Hr. No. Hr. No. Hr. No.

No/
Hr.

Total
No.

No/
Hr.

Total
No.

Bentheogennema
borealis .08 5 .08 2

Pa rapas iphae
sulcatifrons .07 4 .08 2

Parapasiphae
cristata .02 1 .04 1

Acanthephyra
curtirostris .03 2 .08 2

Sergia
tenuiremis .02 1 .08 2

Gennadas
incertus .02 1 .0 0



Table 2. Catches of oceanic shrimps in midwater trawl - multiple plankton sampler tows at the station
50 miles west of Newport, Oregon.

DAY NIGHT
0-150 m 150-500 m 500-1000 m 0-150 m 150-500 m 500-1000 m

Species No. No/10 m3 No. No/10 m3 No. No/10 m3 No. No/10 m3 No. No/10 m3 No. No/10 m3

Serge ste s
similis 232 1.82 614 2.35 302 0.80 545 6.05 187 0.89 46 0. 15

Hymenodora
frontalis 17 0. 13 18 0. 07 147 0.39 19 0.21 17 0.08 86 '0. 29

Bentheogennema
n. sp. 0. 01 0.003 11 0.03 0.00 0.01 11 0.04

Petalidiutn

s uspiriosum 12 0.09 0. 01 8 0.02 0.01 1 0. 004 2 0.01
Notostomus

japonicus 0 0. 00 1 0. 003 0 0.00 0 0.00 00 0.00 0.00
Benthe ema

borealis 0 0. 00 0 0.00 1 0.002 0 0.00 1 0.004 2 0.01
Systellapis

braueri 0 0. 00 0.00 0 0.00 1 0.01 0 0.00 3 0.01
Pasiphaea

chacei 0 0.00 0 0.00 1 0.002 0 0.00 0 0.00 1 0. 003
Hyme nodo ra

gracilis 0. 02 2 0. 005 1 0. 01 0 0. 00 1 0. 003
Se rgia

tenuiremis 0 0.00 0.00 1 0.002 0 0.00 0 0.00 2 0.01
Gennadas

incertus 0 0.00 0 0. 00 1 0.002 0 0.00 0 0.00 1 0.003

1 1 0 2

2 1

0

0

3 0

0



Table 2. Continued

Species

Acanthephyra
curtirostris

3 3 3 3 3 3 3 3 3 3 3 3
No. No/10 m No. No/10 m No. No/10 m No. No/10 m No. No/10 m No. No/10 m

0.00 0 0.00 0.003 0 0.00 0 0.00 1 0.003

Pasiphaea
Pacifica 0 0.00 0 2 0.005 0 0.00 0 0.00 0 0.00

0 1
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migration explained the high nightcatches in the upper 200 m. The absence
of this complementary change may be the result of better visual avoidance
of the trawl during daylight or by the insensitivity of our methods using
non-closing nets.

S. Similis was found in the deep tows to 1000 m depth but in lower
numbers than found in 0-500 tows. Thus most or all the specimens
collected in 0-1000 m tows may have been actually collected in the upper
500 m. We would expect that any species collected in tows to 200 m or
500 m will also be found in tows to 1000 m since non-closing nets were
used.

Other species that were collected in 0-200 m tows are Pasiphaea
chacei and Pasiphaea pacifica. Both were rare and collected only in
night tows to 200 m. Petalidium suspiriosum was also rare in tows to
200 m but larger numbers collected in the 0-1000 tows indicated that the
center of abundance of this species is in deep water.

Sergestes similis, Pasiphaea chacei and P. pacifica are therefore
considered to be upper mesopelagic species, i. e. , those found in epi-
pelagic water (0-200 m) at least during the night. These species are
semi-transparent in nature and lack the extensive red pigment common
to the deeper species.

The remaining 12 species are considered to be lower mesopelagic
shrimp. They were not collected in the upper 200 m even. after dark.
Four of these (Hymenodora frontalis, Bentheogennema n. sp. , Systellapsis
braueri, and Notostomus japonicus) were found in both 0-500 and 0-1000
m tows but all were collected in greater numbers in 0-1000 m tows,
indicating that they are probably more abundant below 500 m. One species
Gennadas propinquis was collected only in 0-500 m tows. The remaining
seven species (Hymenodora gracilis, Bentheogennema borealis, Para-
pasiphae sulcatifrons, Parapasiphae cristata, Acanthephyra curtirostris,
Sergia tenuiremis and Gennadas incertus) were captured only in 0-1000
m tows and not collected in tows to shallower depths. These deep-water
species all have extensive shades of red or orange pigmentation over all
the body.

The catches of shrimps in the midwater trawl obtained with an opening
and closing cod-end device are shown in Table 3. Here again Sergestes
similis is the dominant species. The catches per 1000 m3 of this species
are higher during the night than day at 0-150 m but higher during the day
than the night catches at 150-500 m. These.reverse trends at surface and
mid-water depths must certainly indicate vertical migration. S. similis
frequently occurred in deep water (500 - 1000 m) but their numbers were
lower than in overlying waters.
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Table 3. Catches of Sergestes similis in stratified tows within the upper
200 m during the nigh

Maximum
Depth (m)

t.

Total
No.

No/
Hr.

0 95 211-1 0156 - 0330 PST
15 2327 5411.6 9 August 1961
25 470 626.6 50 miles off Newport
50 217 380.7 Overcast - Rain

100 225 357. 1
200 146 158.6

0 0 0..0 2214 - 0154 PST
10 140 424.0 26 February 1962
25 136 340.0 50 miles off Newport
50 381 952.5 No Moon

100 129 258. 0
150 106 185.9
200 52 - 91. 2

0 0. 0 0007 - 0427 PST
10 0 0.0 19 September 1962
20 0 0. 0 25 miles off Columbia
50 270 642.8 River

200 127 204.8 Moon Visible

0
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Because of insufficient data from the opening and closing midwater
trawl, conclusions about vertical migration of other species could not
be made. Hymenodora frontalis, the second most common species in
Table 3 was frequently captured in 0-150 m samples, but was found in
highest numbers in deep water from 500-1000 m. A similar distribution
was indicated in Table 1.

Petalidium suspiriosum was found in collections from all depths
(Table 3). Eleven of the 12 individuals captured during the day in the
surface net were from one tow. Judging from the results in Table 1,
this species is most common in deeper waters.

Bentheogennema n. sp. , B. borealis, Systellapis braueri, Sergia
tenuiremis, and Gennadas incertus were captured mainly in deep water.
The occurrence of Pasiphaea chacei and P. pacifica only in deep water
is perplexing since they were collected in other tows to shallower depths
(Table 1). However, the data in Table 3 are too limited to draw any
conclusions on the vertical distribution of these species.

The data on the catches of Sergestes similis, averaged in Table 3, are
shown for the various cruises in Figure 1. Each bar in this histogram
represents the average of one to five separate tows within that depth
and day or night period. The catches per 1000 m3 are highest in surface
waters during the night. While at mid-depths (150-500 m) catches are
usually higher during the day. In deep water the catches are generally
low. These day-night differences in the upper 500 m, particularly
changes at mid-depths, indicate vertical migration of this species.

Seasonal variations in the upper 500 m are also suggested by the
highest catches occurring mainly during the summer and fall.

A series of stratified, non-closing midwater collections were also
made to shallower depths in the upper 200 m to provide information on
the upper depth range of Sergestes similis at night (Table 2). In one series
for August 1961, S. similis was collected in all tows from the surface to
200 m with peak numbers per hour found at 15 m. In the February series,
no S. similis was taken at the surface, and peak concentrations appeared
from 10-50 m. In the last series for September 1962, however, no S.
similis was captured in the upper 20 m but high numbers were found at
50 m. The clear night and presence of a moon probably affected the
ascent of animals during this series. In summary, Sergestes similis,
found in the upper 10-50 m at night, occurred above the thermocline in
the summer and well above the base of the halocline.
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Figure 1. Vertical distribution of Sergestes similis during day and night periods at three
depths. Each horizontal bar represents an average catch made with the midwater-trawl
and opening and closing cod-end device for one cruise at the station 50 miles west of
Newport, Oregon.
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Conclusions

Seventeen species of midwater shrimps, both carids and penaeids,
were collected in midwater collections in the upper 1000 m off Oregon.
Most species appeared to be lower me.sopelagic in distribution and were
captured mainly in tows to 500 m or bbelow.

The dominant species was Sergestes similis. Is was the only
shrimp found in large numbers in the upper 150-500 m at night. Night
catches greatly exceeded day catches in the upper 150 m, whereas day
catches exceeded night catches at mid-depths. This indicates some
vertical migration, but the nighttime increase in surface waters.was not
compensated for by the daytime increase at middepths; therefore, S.
similis appears to avoid the trawl better during daylight.

Stratified tows in the upper 200 m show that S. similis is found
above the halocline and sometimes above the thermocline in the surface
mixed layer.
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3. Artificial Radionuclides in Pacific Salmon

Norman Kujala

During the summer of 1964, salmon viscera samples were collected
at ten stations ranging from Bristol Bay, Alaska, to Eureka, California,
on the Pacific Coast. Over one hundred viscera samples of the five
Pacific salmon species were ashed and radioanalyzed with a 256 channel
gamma-ray spectrometer (5-inch well-type Na I (Tl) crystal).

The radioanalysis of salmon viscera was conducted to determine
if artificial radionuclides present in Columbia River waters due to Hanford
Washington atomic reactor activities are concentrated by migrating
salmon in the ocean. The Pacific salmon spend from two to five years
in the ocean and travel extensively along the Pacific Coast and the Aleutian
Island chain.

It was found that all Pacific salmon collected, Oncorhynchus
tshawyscha, O. nerka, O. kisutch, O. gorbuscha, and O. keta, concentrated
artificial radionuclides The principal gamma-emitters in the viscera
samples were zinc-65, manganese-54, potassium-40, and cesium-137.
Although the results are not complete, there are distinct differences in
uptake of the isotopes in the five species, and, in some cases, uptake level
relates to distance from the Columbia River. The levels of radionuclides
in chinook salmon, O. tshawyscha, caught at six different locations along
the Pacific Coast are shown (Fig. 1). Concentrations of Zn 65 ranged from
an average low of 2 picocuries per gram (pc/gm) of dry weight at Bristol
Bay, Alaska, to an average high of 82 pc/gm of dry weight at Eureka,
California,

"Chinook" migrations in the ocean are predominantly northward,
and the low concentrations at Bristol Bay are probably due to the great
distance from the Columbia River. On the other hand, the high concentra-
tions of Zn 65 in the Eureka samples may be due to the influence of the
Columbia River plume found each summer off the Oregon and California
coasts. Fish caught off Eureka are thought to spend most of their lifespan
in Oregon offshore waters.

The uptake of Mn 54, predominantly a fallout radionuclide, was low,
ranging from an average of 1. 7 pc/gm of dry weight in salmon from Bristol
Bay to less than 1. 0 pc/gm of dry weight at other locations. Higher concen-
trations of Mn 54 were found in the sockeye (0. nerka) and the coho
(O. kisutch). samples. Cesium-137 was present in most of the chinook
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CHINOOK SALMON

SUMMER 1964

Figure 1. Spectra of equal amounts of viscera from salmon taken
from Eureka, to Bristol Bay. Zinc-65 decreased with distance
from the Columbia River, while manganese-54 reached a maximum
at the northern-most station.
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samples in measurable amounts, but it was not found in the sockeye
(0. nerka), the chum (0. keta), or the pink salmon (0. gorbuscha) samples.
Cesium-137 also appeared in some coho (0. kisutch) samples.

Various other samples, such as stomach contents, shellfish, tagged
fish, and separate visceral organs were also radioanalyzed for possible
correlation of artificial radionuclide uptake to the different ocean migration
routes and food habits of the five species of Pacific salmon.

Similar viscera samples are being collected this summer to duplicate
last year's study.

This work will be presented more completely for an M. S. thesis
and possible publication.
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4. Vertical Migration and Distribution of Mesopelagic
Fishes off Oregon

W. Pearcy and R. M. Laurs

Abstract

Using an Isaacs-Kidd midwater trawl with an opening and closing
cod-end device, we collected samples of mesopelagic fishes from depths
of 0-150 m, 150-500 m, and 500-1000 m during periods of daylight and
darkness. The observed day catches per 1000 m3 of all mesopelagic
fishes, as well as those of each of the four dominant species, were
larger than the night catches at intermediate depths (150-500 m), whereas
the opposite was true in the surface layer (0-150 m). These reversed
trends in the upper 500 m indicated daily vertical migration, but in all
cases the nighttime increase in surface waters exceeded the daytime
increase at mid-depths. Moreover, the number of fishes in a column of
water 1000 m deep and 1 m square was always higher for night than day
tows. There was no evidence for day-night differences in catches from
the 500-1000 m stratum where catches were uniformly low.

In order to assess the relative importance of visual avoidance
and vertical migration in determining fish catches, we made two
assumptions:

(1) low daytime catches per m2 are due to visual avoidance of the
net in the upper 500 m.

(2) increased daytime catches at mid-depths are due to migration
into this region during the day.

A statistical analysis was used to evaluate the catch data, in
terms of'our assumptions. We conclude that for one common species,
nearly all of the increased nighttime catch was attributable to migration.
For the other three common species however, the major reason for an
increased nighttime catch was failure of the visual avoidance responses
in darkness.

A paper elaborating, these conclusions is in preparation.
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J BENTHOS

Andrew Carey, Jr. and J. McCauley

Benthic research for the AEC includes: (1) the distribution
and abundance of benthic invertebrates as related to various aspects
of the marine environment, particularly the sediment; and (2) the role
played by the bottom fauna on the cycling and transport of trace
elements in the sea. The northeast Pacific off the coast of Oregon
is ideal for such studies, as relatively high levels of artificial
radionuclides are introduced into the oceanic environment from the
Columbia River. Progress in these studies reported here covers
the period, October 10, 1963 to.July 20, 1965.

A. Sampling and instrumentation

Nine cruises have been undertaken during this period. Seventy-
seven quantitative anchor dredge, seventy-four quantitative Smith-McIntyre
grab, and forty-eight qualitative otter trawl samples have been collected.

Sampling has been improved by the addition of a newly designed
dredge, the Anchor-Box Dredge (Carey and Hancock see appended manu-
script); it has operated successfully in a variety of bottom environments
to depths of 2860 meters. Unwashed samples are now being obtained
for our study of the small macrofauna from the abyssal region of our
sampling area.

A design has been completed for a 3-meter quantitative beam
trawl, which will quantify collections of the larger epibenthos now being
collected with the 23-foot semi-balloon shrimp trawl. The rigid beam
frame plus odometer wheels will provide more accurate estimates of
the area of bottom surface sampled.

Smith-McIntyre 0. 1 m2 bottom grabs were received during this
period and have been used for sampling the sediment surface for radio-
analysis for gamma-emitters. This type of bottom sampler with top
flaps added has successfully collected unwashed samples from our deepest
stations. An in situ gamma-ray probe is also used for detecting radio-
isotopes in the sediment (see Osterberg, 1965; and IN SITU PROBE in
this report). 'A benthos depth-time recorder provides information on the
performance of the gear at depth, and an Edgerton, Germehausen and
Grier Deep Sea Pinger (AEC purchase 1/6 of it) is used for deep grab-
sampling.
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B. Radioecology

During this period we have collected enough data to permit a
preliminary discussion of the distribution of radionuclides in the benthic
fauna (Carey and Osterberg, see appended manuscript). Zinc-65 has
been found in all groups of benthic invertebrates, though below 600 meters
depth the level drops rapidly. Possible seasonal patterns of Zn 65 levels
exist in the benthos. Zirconium-95 - niobium-95 were found at all depths
before these fission products decayed away. Artificial radionuclides have
not been detected by us in the sediments off the central coast of Oregon,
while they have been readily found in the bottom fauna, indicating that
the benthic invertebrates are important in determining their distribution
and concentration.

Four hundred and twenty samples representing about 70 species
of invertebrates and 10 sediment types have been radioanalyzed to date.
Reduction of these data by the new least squares computer program
(see COMPUTER PROGRAM, this progress report) is in progress and
will permit further analysis of the data.

C. Distribution and abundance of the benthos

(1) Small macrofauna

Data from quantitative Anchor Dredge and Anchor-Box Dredge
samples demonstrate that there are, zones where the faunal composition
undergoes marked changes (Carey, 1965, appende4. This is particularly
apparent on the species level; however, larger taxonomic groups may
also be restricted to a portion of the transect line under study. A
molluscan subclass, the Polyplacophora (the Chitons) for example, are
primarily found on the continental slope (Figure 1) in regions where the
substrate is predominately hard (i. e. mudstone and sandstone).

The transitions in distributions are more pronounced on the species
level. Revised distribution charts (Figures 2 and 3) demonstrate that
changes in the faunal composition take place in the polychaete worms and
gammarid at about 25, 150, 175, 200, 600, 800, 1400, 2000, 2800 meters.
These changes occur primarily where there are marked changes in sediment
composition between stations (Carey, 1965, appended); see Table 1).
Further researches are necessary to demonstrate the.importance of each
of a complex of environmental factors, including sediment composition,
on the distribution and abundance of benthic invertebrates.

(2) Large macrofauna

The distributions for some of the large epifauna from, the
qualitative otter trawl collections are plotted in figures 4 and 5. Though
the depths sampled are fewer, owing to the difficulties involved with
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TABLE 1

SEDIMENT CHARACTERISTICS

Size Composition Median

Sand (%) Silt (%) Clay (°fo) Sediment Diameter (p)
Sorting No. of

coefficient (O6) Samples

Aver. Range Aver. Range Aver. Range Type Aver. Range Aver. Range

100. 0 - 0.0 0.0 - Sand 341.5 202.4-508.0 0.64 0.42-0.96 6

4 100.0 - 0.0 0.0 - Sand 178.0 153.8-191.1 0.36 - 0.22-0.47 3

6 70.3 66.6-73.7 23.6 20.8-26. 3 6. 1 4.4- 7. 1 Silty Sand 96.1 90.4-101.0 1.08 0.91-1.35 6

7 71.4 - 21.5 7. 1 - Silty Sand 98.4 - 1.00 1

8 69.7 56.2-81.2 22.9 14.8-30.8 7.4 4.0-12.7 Silty Sand 85.6 15.0-108.0 0.97 0.61-1.78 10

8A 61.9 58.4-65.4 25.0 19.0-29.2 14.0 12.4-15.6 Silty Sand 71.1 70.3- 71.5 2.03 1.83-2.24 2

9 52".4 13.8-83.2 30.4 12.0-55.8 17.1 4.8-35.0 Silty Sand 110.9 9. 1-210.0 2.33 1.39-3.46 4

10 3.0 2.2- 4.1 67.1 62.3-75.9 29.7 21.0-35.4 Clayey Silt 11.5 8-0- 18.12.48 2.28-2.61 4

11 2.2 0.9-10.3 67.5 56. 8-80. 1 30.4 9.5-40.0 Clayey Silt 15.5 6-2- 48.0 2.50 1.53-2.98 15

11A 39.7 - 27.5 28.1 - Sand-Silt-Clay 32.2 - 10.73 - 1

12 26.1 - 39.6 - 34.3 - Sand-Silt-Clay 39.7 3.49 - 1

13 30. 0 5.7-54. 3 40. 1 24.5-55.8 29.9 21.3-38.5 Sand-Silt-Clay 41.1 6.4- 77.8 3.08 2.81-3.36 2

14 32. 1 21. 1-49.7 50.0 43. 5-63.5 18.0 0.0-30.7 Sand- Silt- Clay 33.8 12.2- 58.0 2.43 1.40-2.80 4

15 54.6 - 36.5 - 8.8. - Silty Sand 76.9 - 2.32 - 1

16 54.6 - 38.8 6.2 - Silty Sand 77.3 - 1.88 - 1

17 37.5 24.2-45.5 49.2 43.5-53.0 13.3 3.3-22.8 Sandy Silt 43.4 19.8- 56.2 2. 37 16.4-2-86 3

17A 18.0 - 40.8 41.1 - Silty Clay 5. 4 - 3. 29 - 1

20 6. 3 - 52. 5 41.2 - Clayey Silt 7.8 - 2.80 - 1

21 7.3 1.2-12.8 52.5 45.8-64.7 40. Z Z3. 8-52. 1 Clayey Silt 8.7 3.4- 22.2 2. 65 0.41-3.21 10

22 1.4 0. 6- 1.8 39. 1 36.7-40.8 62.3 55.9-62.8 Silty Clay 2. 8 2. 1- 3. 1 2.70 2.24-3.07 3

23 2.1 1.6- 2.4 38.3 33.2-45.0 59.6 52.6-64.4 Silty Clay 2.6 2. 2- 3. 3 2.86 2.33-3-14 3

25 2.4 1.4- 3.4 30.2 29.6-30.8 " 67.4 65.9-59.0 Silty Clay 2.5 2.4- 2.6 1. 12 1.07-1. 16 2

26 1.4 1.3- 1.5 30.6 30.2-30.9 68.1 67.6-68.5 Silty Clay 5. 5 1.8- 9. 1 2. 18 2. 17-2. 18 2
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Depth in Meters

Species

Etone pacifica
Magelona papillicornis
Heterocirrus sp.
Etone sp.
Haploscoloplos elongates
Nephtys longosetosa
Nothria geophiliformis
Amphicteis mucronata
Thalenessa spinosa
Phylloduce sp.
Goniada brunnea
Notomastus (C. ) lineatus
Spiophanes bombyx
Chaetozone setosa
Cheilonereis cyclurus
Nephtys ciliata
Glycera robusta
Ophelia limacina
Magelona pitelkai
Magelonasp.
Lumbrineris bicirrata
Glycera sp.
Glycinde pacifies
Hemipodus borealis
Spiophanes sp.
Nemidis canadensis

. Nereis pelagica-
Nephtys cacoides
Glycera americana
Glycinde polygnatha
Fabrics sp.
Megalomma splendida
Owenia fusiformis
Idanthyrsus ornamentatus
Magelona cerae
Magelona. japonica
Polydora ciliata Va, cardalia
Nephtys ferruginea
Pista cristata
Pista fasciata
Nephtys punctata
Rhodin e bito rquata
Laonice cirrata
Polydora cardalia
Anaitides groenlandica
Amage anops
Asychis disparidentata
Maldane sarsi
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Cistenides brevicoma
Ammotrypane aulogaster
Melinna cristata
Prionospio malmgreni
Terebellides stroemi
Asychis similis
Nicomache lumbricalis
Pectinaria californiensis
Aricidea uschakowi
Ninoe gemmea
Maldane glebifex
Travisia brevis
Sternaspis scutata
Myriochele heeri
Prionospio pinnata
Cossura longocirrata
Tharyx multifils
Scalibregma inflatum
Lumbrineris similabris
Aricidea (near) succica
Prionospio ciriffera
Praxillella affinis var. pacifica
Oxydromus arenicolus glabrus
Praxillella gracilis
Travisia pupa
Spiophanes cirrata
Pherusa negligees
Scoloploa armiger
Ampharete Goesi
Trichobranchus glacialis
Euchone analis
Glycera tesselata
Aphrodita japonica
Mystides sp_
Typosyllis armillaris
Artacama coniferi
Paraonis sp.
Axiothella rubrocincta
Maldane sp.
Chone gracilis
Nephtys cornuta
Chloeia pinnata
Euclymene reticulate
Brads villosa
Prionospio sp.
Anaitides sp.
Goniada sp.
Aricidea sp.
Paraonis gracilis oculata
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ychis tricirrata tits?fit;

ravisia wr. N. genera ? kt iei

elinna denticulata
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Species

Ampelisca cristata
Ampelisca brevisimulata
Anonyx makarovi
Anonyx carinatus
Adroides columbine
Argissa hamatipes
Eo'raustorius sp.
Eurystheus sp.

100

Hippomedon ? coecus f:cice .
Megaluropus longimerus
Melita desdichada
(Monoculodes emarginatus) tt;;; _

Monoculodes spinipes
Orchomene cf hoi nesi
Paraphoxus daboius
Paraphoxus obtisidens
Paraphoxus epistomus
Paraphoxus N. sp.

Photis brevipes
Protomedeia cf zotea
Protomedeia cf penates
Rhachotropis inflata
Sympleustes cf glaber
Syrrhoe sp.
Ampelisca macrocephala
Lepidepecreurn garthi

Listriella albina

Orchomene decipiens
Paraphoxus biscuspidatus

Westwoodilla caecula
Ampelisca compressa
? Bathymedon pumilus
Heterophoxus oculatus
Ischyrocerus sp.
Nicippe tumida
Ampelisca hancocki
Ampelisca pugetica
Anonyx Sp.
Calliopius laeviusculus
Byblis veleronis
Halicella sp.
Listriella goleta
Microjassa sp.
Monoculodes sp.
Metaphoxus frequens
Orchomene pacifica
Paraphoxus tricuspidatus

DEPTH DISTRIBUTION OF GAMMARID AMPHIPODS '

Depth in meters

200 400 I 600 I 800 1200 2000+

FIGURE 3.
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Photis sp.
Rhachotropis sp.
Syrrhoe longifrons
lysianassid A.
Iysianassid B.
Oedicerotid A.
Oedicerotid B.
Socarnoides illudens
Synchelidium sp.
Protomedia sp.
(Bathymedon coviihani)
(Rhachotropis clemens)
Harpinia fulgens
Stenothoid
Haploops sp.
Paraphoxus oculatus
Pardaliscella symmetrica
Ampelisca N. sp.
Byblis bathyalis
Photis chiconola
Photid
Unknown A.
Ampelisca compressa unsocalae
Eriopisa elongata
Pardaliscid
Harpinia exacavtus
Harpinia emeryi
Liljeborgia cota
Byblis barbarensis
Byblis crassicornis
(Harpinia percellaris)
Byblis aifi.ris
(Byblis ? tanncrensis)
(Bathymedon flebicis)
(Bathymedon vulseculus)
(Finoculodes omniferus)
Harpinia epistomatus
Melphidippid
Monoculodes glyconica

Pachynus sp.
Podocerid
Rhachotropis distincta
Tironid
Gammarid
Harpinia N. sp.
Oedic erotid
Bathymedon sp. A.
Epimeria sp.
Harpinia galerus

200

'::tt;t;itttts}ttitttt

400 1600

.... lit..... !

2000
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Harpinia naiaidis
Harpinia triplex
Hippomedon nubifer

-";Trczx<Ee
Monoculodes racadesco
Pseudotriton sp.
Jristes sp.
Unknown B..

FIGURE 3. CONTINUED



171

ECHINODERM DISTRIBUTION

Depth in rrieters

Echinodermata 25 50 75 100 125 150 175 200 400 600 800 1200 1600 2800

Pisaster sp. gillxil? r;

Pycnopodia helianthoides
Stytasterias torreri
Stichopus californicue r?i?trJr?;e?: J?ttrrl;?if??? ::':ILY.r?au. ${?,'?tr!;rr;r t;rL,'.t+;.
Ophiura lutkeni 1::: h?riI :+.+'rrr:'::ir:rJr : l+rr: rrii!
Mediaster aequaiis

11r:1 r r: ;?lr;rr.;7 rl:,?r:
Luidia foliolata ;11?t:l ?t?r. t111 / rj11 ?//1/ 1;111;1?. i1t[' Rr?1e `11;I11*/t?ra

Ophiura sp.
Brisaster townsendi q::riKrrir; 7;tii?tlrr;;ra;;?rs!Li:11 ]1?,'?s!a'i;°r. rultrt%fii;tr rria;:f,':gr?r sr;rNk'?F;[

Ophiura sarsii ;1:?1±11??1? :?Jr?r;;riJ;?;,?; rrririi;?Jr ;'r?;rc `;;c

Allocentrotus fragilis
Pentamera populifera 61/4rrll' r?Irt4111ir.

Hippasteria spinosa ?rl11MI?,'It?

Pedicellaster sp. '11111Y1/111

Orthasterias koehleri 01!+1411111

Pseudarchaster parelii alascens is lJri?1/41/11 0111111,111111 N1111/11111/14 OWN
Heterozonias alternatus ?11111*46/i+ l1/111111r/Ili riilt?/ 1111r?t riG1/44/;11 111111/ANlrlt J?1111/ lrr?I'r vI 1*/11/lr

Molpadia intermedia irllldlirlrli N111W1111111 /4Alrlliilr J111111.rrr?1i 11HC111/ii?IJ N11/741/i

Ophiopholis op, poltlW/??N

Myxoderma sacculatum 1'r111141tt11

Hippasteria californica 111111.tl/JI?! ltllrl/illttti 1111i1witii

Thrissacanthias penicillatus 1/1/141/1+11 1111/14/7t1( 11111WI//i 11N1/4111/11

Solaster borealis rII1411111 1lftll/Wlii/l /1/JI1MlU1tl 111J1i11Y1/1111 11/111/44Jfii?:

Ophiacantha sp, t11114i111 ?111111111111rr. plIll//It111/1 UUh/11n7ti! W11111 li11?li,+.' ;7 /111 0 111/1

Psilaster pectinatus 11/111/W111A(

Myxoderma platyacanthum rhomaleum 111111/W/r111 !!llI/W/Il2

Laetmophasma fecumdum tlJ/A11/il w>41/11/ /11111/11 1 Ill';M1rrr?+

Dipsacaster anoplus t llI*4/l111 7/14 1//f 11?4441?111 11d11Elil/Nr+ 1? /447?

Anteliaster sp, 111/1W1i111

Pannychia moseleyi /71144/111/

Ampheraster marianus ??1'.r?k'/111b '.:??i+l//il

Zoroaster everxnanni mor ax ///111 l?11 1/6/44l;i1

Nearchaster aciculosus //ii/11bG??r: /{g1LNd+1117'lh/i/441111

Ophiocten pacificum 111yW1111r7 ,'1Lr111/WI11 111111111/1/1/ N!??t+if al!

Ophiomusium jolliensis /1/14/i. ?111111NG'?11+ ?ti/i,+l?i1N1/r1 11/1/144/1/i

Asteronyx loveni IN NW111111 111/19#1ftil 11111/111114/ //1114W/iT

Ophiacantha normani l114tV1rli!

Lophaster furcillig^r 11111118'1111/

Scotoplanes theeli I1ri1NW11111 //////lW/1I//1 1111*11111ll

Ophiura hadra 11.'1(14111?t(

Ophiura irrorata 11111141+111+1

Ctenodiscus crispatus /14/411/p?p

Hymenaster op. Ni11J 111111/ fiff1/ill+ii
Hymenaster quadriepinosue ///lIl411Bt
Penthopscten op, ilt1i 1//lIII

Eremieaster pacitius li1N411101

Dytaster gllbertt 1111111411/iri<

Pssudarchaster op, r111Ji+?.11'17

Peoudarchaster dissonus 7t77JWiilail

Astrocles aetinodetus d1i411/N/11

9peroaoma gigantsum 1+1NWuU1+p

Paelopatides op. /ng4Ati7R1

Peniagone sp. ii14411111

Molpadia musculus nr/NYil:i//l

Chirldota albatrossi iltlt 1111id

Psychropotes raripes NB/will/11

Pseudostichopus sp. It14W1111(d

Molpadia op. I111JW/lI//i

Pseudoitichopus nudus 111+N4+q(t1

Abyssicucumi albatrossi 0111401/Il

Molpadia granulatum J1t1R1Nrl//I

Synallactes gilberti I(ltulltrii

Molpadia spinosa /1114/1/11//

Synallactes sp. IJI1*111l/I

Scotoplanes sp. fl.+rr1'+rr1

1/1/ 1np

111i4:.1lri/J

FIGURE 4. ECHINODERM DISTRIBUTION CHARTS OF SPECIES IDENTIFIED TO DATEFROM OTTER-TRAWLING STATIONS.
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BENTHOS DISTRIBUTION

Depth in meters

Arthropoda 25 50 75 100 125 150 175 200 400 600 800 1200 1600 2800

Cancer magister
Munida sp.
Lopholithodes foraminatus a}i:ei!Fii

Pagurus ochotensis
Pandalus jordani
Pandalus dance tiii4st1;
Crago communis jp

Pagurus sp.

Spirontocaris macrophthalmi ;eiygµit?;' :'tc1?:W{1i1t t1l1i;ylhi+.{i x?i,?t{µ4???

Chionoecetes tanneri ii±i}y{ii; :{xlliiixliyii 1}i1!iN{;lfiii iti!jyl!{'tyiit ?yiitlWttilifi Fifi+.nM61fi yV?FV.iXMt1{i?

Pasiphaea pacifica 11ix+811 xi%+.iinli

Pagurus tanneri lyttttl{Iwntr

Sergestes op.
1115+;t±{i

Gennadus borealis
1 ixt,lµiµll

Gnathophansia ingens
Sergestes similis
Scalpellum sanctaebarbarae ;cslWVSl1ll :i{Vn4 {ip!

Munidopsis app. 'tlt t111t
Ceratomysis sAinosa !!n";tlF!t11t;

Pycnogonid - Pallenidae

Mollusca

Nagsarius sp. Vn"W1111 111155+811

Armina californica ilWilii illRflt;fl{i 1tll4..1{lx1

Antiplanes perversa 1HttiWtVVlpl

Antiplanes sp. 185911111

Neptunea spp. 11141111 t1y11145ttlt tt{I1tFlittill i11118l{{1 tI11181111 1819{1114

Solemya agaesi zi mtuupxixi i?;lllpy?hx!

Mohnia sp. {bit; ?ti{i 111tUyfix;i1

Antiplanee vinosa iltltVµMlnt@ t1411il1itftyxi yNlllIil111t

Cadulus sp. ?11+1 1
Pecten randolphi ;{}11y;,;;i

Bathybembix bairdi gii119111 { xtilw1w
Tritonia sp. {1595111

Bathydoris sp. tltlityltl{t11

Dentalium sp.
1151148fiHV

Coelenterata

Leioptilus quadrangularis 11111481111

Stylatula elongata x;;1 Hleiiyr.

Pennatula phosphorea var. californi ca
Funicula sp. {?:,; ,{;

Virgularia bromleyi '1{11+11111

Balticina pacifica 11 1x1:1t1.,iij11 a r,;i.,.ttM118T1

Umbellula sp. x111*NN

Anthoptilum grandiflorum
.1+11{1

Kophobelemnon sp. 11ii48le4

Epizoanthus op. ?11114188?

Clavularia sp. 11114811tt

Pennatula op. 115191s1tt

Protoptilum sp. ?x?ig 1111:

FIGURE 5. ARTHROPOD, MOLLUSKS, AND COELENTERATE DISTRIBUTION CHART OFSPECIES IDENTIFIED TO DATE FROM OTTER-TRAWVLING STATIONS.
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bottom trawling in rough topography, the general distribution pattern
is similar to that of the small fauna (Carey, 1965, and AEC Progress
Report).

(3) Systematics and identifications

A preliminary list of identified fauna is included (appendix
to the Benthos section of this AEC Progress Report).

We wish to acknowledge the very helpful assistance of specialists
including the following: Dr. J. Laurens Barnard of the U. S. National
Museum (gammarid amphipods); Dr. D. P. 'Henry, University of
Washington (cirripedes); Dr. H. B. Fell, Harvard University (ophiuroids);
Dr. F. J. Madsen, University of Copenhagen (asteroids); Dr. E. Deichman,
Harvard University (holothurians); Dr. D. J. Reish, Long Beach State
College (polychaetes); Dr. O. Hartman, Allan Hancock Foundation
(polychaetes); Dr. N. W. Riser, Northeastern University (nemerteans);
Miss M. Rice, University of Washington (sipunculids); Dr. A. G. Smith,
California Academy of Sciences (amphineurans); Dr. C. E. Cutress,,
University of Puerto Rico (anthozoans); Dr. R. D. Turner, Harvard
University (scaphopods); and Dr. D. L. Pawson, U. S. National Museum
(echinoids). Other specialists will be sought to aid the program with
identifications when necessary.

Fauna new to Oregon have been collected and depth ranges of
many forms extended (e. g. McCauley, and Carey, preliminary manuscript
in this report). Many new species have been found, further emphasizing the
paucity of previous research in the marine benthos. For example, 38 - 42
new species of gammarid amphipods have been collected and are now being
described by Dr. J. L. Barnard.

Since the last progress report, 2 papers have been published,
1 is in press, 1 has been submitted for publication, and others are in progress.

Carey, A. G., Jr. 1963 (with C. Osterberg and H. Curl, Jr.) Acceleration
of sinking rates of radionuclides in the ocean. Nature, 200: 1276-1277.

Carey, A. G., Jr. 1965. Preliminary studies on animal-sediment inter-
relationships off the, central Oregon coast. Ocean Science and
Ocean Engineering Vol. 1: 100-110.

Carey, A. G. , 'Jr. and D. R. Hancock. In press. An anchor-box dredge
for deep-sea sampling. Deep Sea R.esearch.

Carey, A. G. , Jr., Energetics of Long Island Sound Benthos I. Oxygen
utilization of sediment. Submitted to Bingham Bulletin.
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Preliminary notes on the occurrence and activity of

radioisotopes in marine benthos off central Oregon.

Andrew G. Carey, Jr. and Charles L. Osterberg

1.
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The preliminary investigations reported extend our knowledge
of the role of the benthic fauna in determining the distribution and
concentration of artifical radioisotopes in the oceanic ecosystem.
Unfortunately, the radioecology of radionuclides in the oceans and
the effects of physical and biological systems are not fully known.
The Pacific Ocean off Oregon is ideally suited for such research
on the bottom invertebrates, as there is a constant source of
radionuclides into the marine environment from the point source
in the Columbia River.

Artificial radioactivity is present in the ocean off Oregon
primarily from the nuclear reactors at Hanford, Washington, where
the waters of the Columbia River are used to cool the reactors.
Radionuclides are induced from the trace elements in the water as
it passes through the high neutron flux within the reactors (Nelson,
1961). The cooling water is returned to the river, and many of the
more long-lived radioisotopes ultimately reach the sea.

Radionuclides from atomic testing and the resulting worldwide
fallout of fission products have also been present in-the oceans during
the period of study.

Zinc-65 is characteristic of the induced radionuclides in the
Columbia River water commonly found in the marine.fauna off Oregon
and Washington.' Its occurrence in this area in phytoplankton, zoo-
plankton, and nekton in the upper layers of the water column has been
reported by several investigators (Osterberg, Pattullo, and Pearcy,
1964; Osterberg, Pearcy, and Curl,, 1964; Pearcy and Osterberg, 1964;
and Lewis and Seymour, 1964, 1964) as has its presence in sediments
off the Columbia River (Osterberg, Kulm, and Byrne, 1963; and Gross,
in preparation). Less is known of the distribution and concentration of
zinc-65 in bottom organisms. Because each animal is usually limited
to a small area of the bottom, benthic animals are good material for
studying the distribution of radionuclides with increasing depth and
distance from the river mouth.

Many of the benthic invertebrates are deposit and detritus
feeders that ingest sediments and particulate material as it reaches
the ocean floor. These feeders are efficient processers of large volumes
of sediment and in so doing they collect many radionuclides which reach the
bottom in particulate form. Radioecological study of these fauna provide
valuable information on the ecology of artificial radionuclides and on the
cycling of elements in the marine ecosystem.

The authors wish to acknowledge valuable laboratory and shipboard
assistance from Danil R. Hancock, Mary Ann Alspach and I. Lauren
Larsen. The following have greatly aided with animal identifications:
Dr. Elisabeth Deichman, Dr. James E. McCauley, and Mr. Miles S.
Alton. The financial support of the Atomic Energy Commission (Contract
No. AT(45-'1) 1750) and the National Science Foundation (Grant GB-531)
is gratefully acknowledged.
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Materials and Methods

A series of trawling stations have been established across a
variety of environments to sample benthic organisms for seasonal
radioecological studies. Station descriptions are listed in table 1.

TABLE 1

BENTHOS STATION

Distance
Station From Shore Position Depth

No. (mi) Latitude Longitude (m)

1 1.7 44039. 1'N 124° 05.9' W 30
2 4.8 4. 124° 09. 8' W 50
4N 10.9 44°44. O' N 124018.2'W 100
6N 19.5 124° 30. 0' W 150
7N 22.2 124° 34.2' W 175
8 23.6 44° 39. 1' N 124° 36. O' W 200
9 33.8 124° 50.7'W 400

10 36.5 124°54. 0' W 600
11 39.2 124° 57. 6'W 800
12S 48.0 44° 24. 2'N 125 ° 10. 3' W 1000
15 49.2 44°39. 1'N 125° 11.7'W 1600
17S 49.1 44° 21. 3'N 125° 13.9' W 2080
20 55.1 44° 39. 1'-N 125° 20. 5' W 2600
21 65 125° 35. 0' W 2800
22 86.0 126° 03. 0' W 2800
23 95.1 126° 16. 3' W 2800
25 147.0 127 ° 28. 2' W 2800
26 165.5 N- F 127 ° 54. 3' W 2800

A 23-foot semi-balloon shrimp-type otter trawl with 1 1/2 inch
mesh, used as the standard sampling gear, collected quantities of
fauna adequate for radioanalysis. The samples were preserved in
10 percent neutral formalin-seawater on board ship and sorted to
species in the laboratory. They were then counted, and dissected
into major tissue levels or organ systems when possible. The
samples were prepared for radioanalysis by drying to a constant
weight at 65°C in a drying oven, ashing in a muffle furnace at
approximately 550 'C, grinding with mortar and pestle, packing
into 15 cc plastic tubes, and sealing with cork and paraffin. When
the number and volume of organisms were small, the organisms
were packed whole into the tubes. Gamma-rav emissions were
counted with a 512 channel Nuclear Data ND-130 AT Gamma-ray spectro-
meter, generally for 100 minutes.

To measure zinc-65 in the sedimentary environment of the
benthos, we have taken two approaches. A 0. 1 m2 Smith-McIntyre
bottom grab has been used to obtain the top 1 cm of sediment for
radioanalysis in the laboratory. Secondly,- an in situ gamma-ray
probe has been used in shallow water (Jennings and Osterberg, 1965).
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Results

Zinc -65

Though present in all bottom fauna studied to date, Zn65 shows
a large variability in its concentration per unit weight in the benthos.
A typical series of data for assorted fauna collected from the 200 meter
station is shown in Figure 1. Differences in radioisotope levels are
apparent here. More zinc-65 per gram dry weight was found in' the
gastropod, Buccinum sp, and the echinoid, Allocentrotus fragilis than
the other groups. Within the echinoderms the zinc-615 level varies
(Figure 2). The sea urchin, Allocentrotus fragilis, contains the
highest concentrations of radiozinc among the animals radioanalyzed
from that sample, including the heart urchin, Brisaster townsendi.
The regular urchin probably has a higher level of Zn°5 because it
feeds on the sediment surface while the latter burrows beneath the
surface.

Species within one taxonomic group with (apparent) similar modes
of life, however, show no significant difference between the levels of
zinc-65 present. The weight-normalized gamma-ray spectra for four
different species of asteroids from the 800 meter station are almost
identical (Figure 3). Asteroids from shallower water also seem to
have similar spectra. It is thought that such a species group with
similar radioecology can be used to illustrate the distribution of
radionuclides with depth, particularly when distribution ranges overlap.

Levels of zinc-65 in the bottom fauna off the central Oregon coast
de.cline rapidly beyond 600 meters depth. Asteroids show a characteris-
tic pattern of radionuclide distribution (Figure 4); the amount of radio-
zinc decreases from 32. 1±1.3 picocuries per gram ash-free dry weight
at d0 meters to about 3.6±0.5 pc at 800 meters. Below 800 meters
Zn remains at a low level and is sometimes found in fauna at the
deepest (2860 meters) and most distant (165 miles) stations.

In the shallower waters on the continental shelf (200 meters) the
asteroid, Luidia foliolata, shows a marked increase in Zn65 from February
through November, 1964 (Figure 5). Present data do not permit us to
draw conclusions, but a seasonal variation perhaps related to the seasonal
shift of the Columbia River plume is suggested. Further research will
almost certainly support this view. It is also possible that a lag between
the maximum zinc-65 level in the biota at the surface and bottom exists,
an occurrence that is suggested by -present data.

A seasonal variation of zinc-65 activity within the tissues of some
of the fauna (Figure 6) is also evident. In March, 1964, sea urchin gonads
contained the most Zn65; this is generally the time of year when echinoid
reproductive organs are active (Hyman, 1955). In November, however,
the radioactivity in the gonads was not significantly different from that
found in the body of the animal.

Zirconium-95 - Niobium-95

Fission products from atmospheric testing of nuclear weapons have
been found in animals at all depths studied. Before they decayed out
from the last test series in late 1962, ,Zr95-Nb95 formed a prominent
peak in the gamma-ray spectra of a number of animal groups (Figures
1 and 7). No seasonal cycle was apparent.
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RADIONUCLIDES IN THE BENTHOS
PICOCURIES / GRAM DRY WEIGHT

e Is

C e144

ALLOCENTROTUS 'FRAGILIS

(echinoderm )

SPIRONTOCARIS MACROPHTHALMIA
( arthropod)

BUCCIN UM SP.

(mollusk)

PCLYCNAETA

(annelids)

2,4 32 41D

Zi?5 Nb95SZr'S
K30

C e144

Zr"- NO
Zn6S

K40

Ce144

Zr95- N b"

Cel44

Z095- Nb95

K40
6zn65

K40
Zn65

200 meters
OCTOBER '63

FIGURE 1. RADIONUCLIDES IN FOUR GROUPS OF BENTHIC INVERTEBRATES. NOTE THE
FISSION RADIOISOTOPES (.Ce144 and Zr95-Nb95) IN THE SEA URCHIN.
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Allocentrotus fragilis
(Sea Urchin)

Zn65 IN THE BENTHOS-ECHINODERMS

200 METERS

NOVEMBER 1964

100

1000

10

100

a

0

FIGURE 2. WEIGHT NORMALIZED GAMMA-RAY SPECTRA FOR FOUR ECHINODERMS FROM
200 METERS DEPTH OFF NEWPORT, OREGON.

1000
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FIGURE 3. WEIGHT NORMALIZED GAMMA-RAY SPECTRA FOR FOUR SPECIES OF STARFISHFROM THE 800 METER STATION. NOTE THE SIMILARITY OF SPECTRA.
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There was no significant lag period between the sharp drop of the
zirconium-95 - niobium-95 levels in the air (I'erkins et al, 1964) and
in the bottom fauna at 2800 meters depth 65 miles off the Oregon coast.
The rapid decrease of these fission products in the air during the latter
part of the summer of 1963 after the cessation of testing was repeated
a short time later in the bottom fauna (Figure 7).

The amount of Zr95-Nb95 found in organisms per unit weight was
greater in lower trophic levels than in higher ones. The scavengers
and carnivores, i.e. Buccinum sp. and S irontocaris macrophthalmia,
contain smaller amounts of t ie fission radioisotopes than the deposit
feeders (Allocentrotus and Polychaeta). These data are similar to
those found by Osterberg, Pearcy, and Curl (1964) for pelagic fauna.

Radionuclides and the sedimentary environment

Levels of zinc-65 in the sediments off central Oregon are too low
to be measured by our present techniques, although they can be detected
readily in the fauna at the same station. Recently Osterberg (1965)
has noted that there appears to be no similarity between the gamma-ray
spectra of the benthic invertebrates and those of the sediments in,
or on, which they are living.

Discussion

The distribution of fission products, e. g. zirconium-95 -
niobium-95, and induced radionuclides, e. g. zinc-65, from the
Columbia River are basically different. Zinc-65 is found mostly
in shallower water (less than 600 meters) within the tissues of all
fauna. Zirconium-95 - niobium-95,, on the other hand, were found
about equally at all depths before they decayed out after cessation
of atomic testing in the air in late 1962. They also were found mainly
in animals feeding on sediment. Zinc-65 probably shows a seasonal
cycle in the fauna per unit weight, but the fission products did not.

The contrasting distributions of Zn65 and Zr95-Nb95 in space,
time, and animals can be explained by biological and physical means.
Zinc, being biologically active (Rice, 1963), is concentrated by the
biota in the surface waters, and radiozinc is associated with the
surface-located Columbia River plume. On the other hand, zirconium
and niobium are not biologically active (Held, 1963) and are therefore
not retained by the animals for any significant period of time. Fallout is
worldwide in distribution and is not, therefore, a surface or local phenomonon.

As reported. earlier (Osterberg, Carey, and Curl, 1964),unexpectedly
large amounts of the short half-lived radionuclides, Zr95-Nb95, were
found in bottom fauna at our deepest stations (2860 meters). The lack of
a significant lag period between the drop in the fission products in the
air and deep bottom fauna reinforces our view that some mechanism
is accelerating the descent of particulate radionuclides through the water
column. Filter-feeding surface zooplankton are very likely compacting the
radioisotopes into relatively large faecal pellets which then.fall more
quickly to the bottom (Osterberg, Carey, and Curl, 1964).
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FIGURE 4. WEIGHT NORMALIZED GAMMA-RAY SPECTRA FOR STARFISH FROM VARIOUS
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NOVEMBER , 1964
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Luidia foliolata
200 Meters
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FIGURE 5. WEIGHT NORMALIZED SPECTRA OF AN ASTEROID FROM DIFFERENT DATES OF
COLLECTION. NOTE THE MAXIMUM ZINC-65 IN NOVEMBER.
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DISTRIBUTION OF ZINC65 IN SEA URCHINS

ALLOCENTROTUS FRAGILIS

150 METERS
MARCH, 1964
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NOVEMBER, 1964
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FIGURE 6. GAMMA-RAY SPECTRA FOR A DISSECTED ECHINOID SPECIES. NOTE THE
VARYING HEIGHT OF THE Zn65 PEAKS WITH SEASON.
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FIGURE 7. WEIGHT NORMALIZED GAMMA-RAY SPECTRA FOR DEEP SEA CUCUMBER.
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Conclusions

1. Zinc-65 is found in all groups of benthic invertebrates, though
in higher concentrations per unit weight in some animal groups than
in others.

2. Below 600 meters depth the level of zinc-65 in the fauna
decreases rapidly.

3. Seasonal patterns of zinc-65 levels in the benthos are suggested
and may be related to the seasonal position of the Columbia River plume.
Seasonal variations within the tissues of certain animals are probably
related to reproductive activity.

4. Before decaying away, zirconium-95 - niobium-95 were found
in deposit feeders from all depths in about equal amounts. The higher
trophic levels, the carnivores and scavengers, contain little or no
Zry5-Nb95.

5. Because artificial radionuclides have not been detected in the
sediment off central Oregon, yet are readily found in the fauna, the
benthic invertebrates are important in determining the distribution and
concentration of radionuclides at any given place.
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Zinc-65 Metabolism in a Marine Betithic Amphipod as Affected
by Temperature, Sediment and Food

Ford Cross

Examination of the effects of various environmental parameters
on zinc-65 metabolism in the marine benthic amphipod, Anonyx sp. ,
is now underway at the Hanford laboratories in Richland, Washington.
This organism is being collected in baited traps approximately four
miles off Depoe Bay, Oregon, in 80 meters of water. One gallon paint
cans with modified lids are used as traps. These modified lids allow
the amphipods to enter easily, but once inside they cannot get out. The
traps are baited with dead herring, placed on the bottom, and attached
by rope to a surface buoy.

Benthic amphipods appear to exist in numbers far greater than
previously determined by conventional sampling methods. They averaged
about 21. 22 mm in length and over 200 mg wet weight. This is about 10
times the weight of the average euphausiid found off Oregon.

The laboratory work is being conducted at the aquatic biology
section of the biology department at Hanford. The work has been under
way only a few weeks. A brief description of the experiments being
planned for the summer follows:

1. Uptake of Zn65 as a function.of temperature (2, 7 and 12°C)
from filtered sea water (0. 45 µ) without the presence of
sediment.

2. Retention and loss of Zn65 as a function of temperature in
the absence of sediments.

3. Uptake, retention and loss from Zn65 labelled sediments.
4. Uptake of Zn65 from food. Since benthic amphipods are

believed to be mainly detritus feeders, dead brine shrimp
(Artemia salina) will be used as food. We hope to compare
total amounts of Zn65 taken up from water, food and sediment
to determine which processes play an important role in the
cycling of Zn65 in these organisms.
Determination of respiration rates of these organisms at
2, 7, and 12° C). It is hoped that respiration rates and
zinc-65 metabolism can be related significantly.
Determination of the routes of entry and tissue localization
of radiozinc. Autoradiographs are now being prepared by
the biological analysis section at Hanford.
Determination of specific activities (equilibrium values)
by stable zinc analysis.

2.

5.

6.

7.
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8. Uptake of Zn65 in dead animals to determine the extent of
non-metabolic physical absorption.

9. Determination of how effectively radio cadmium competes
with zinc-65 metabolism. If positive results are found,
stable cadmium might be considered as an additional
agent in the isotope dilution of zinc-65.
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3. The Marine Benthic Fauna off Oregon: Echinoidea

James E. McCauley and Andrew G. Carey, Jr.

In his exhaustive monograph, Mortensen (1928-1951) reported
only seven echinoids living in the waters off Oregon. These are
Strongylocentrotus purpuratus (Stimpson, 1857); S. franciscanus
(Agassiz, 1863); S. echinoides 'Agassiz and Clark, 1907; Allocentrotus
fragilis (Jackson, 1912); Brisaster townsendi (Agassiz, 1898);
B. latifrons (Agassiz, 1898); and Dendraster excentricus (Eschscholtz,
1831). Of these only the first two are commonly found intertidally in
Oregon, although D. excentricus is occasionally washed ashore after
storms and may sometimes be found intertidally at the lowest levels.

We have collected all of the above species off Oregon except
B. latifrons and have some doubt as to the validity of this species as
will be discussed later. In addition we have collected Sperosoma
giganteum Agassiz and Clark, 1907, and Ceratophysa rosea (Agassiz,
1879), both deep sea species known from elsewhere in the Pacific Ocean.

These forms have been taken with routine collections made by the
Oregon State University Department of Oceanography. Three methods
of collection have been utilized: the biological dredge, the otter trawl,
and the Deep Sea Anchor dredge (Saunders, Hessler and Hampson, in
press). Samples have been preserved at sea, generally in neutral
sea-water formalin, and sorted in the shore laboratory.

The specimens have been examined with a dissecting microscope,
the tests cleaned with hypochlorite (Clorox), and pedicellariae mounted
in water.

A discussion of each Oregon species follows:

Strongylocentrotus purpuratus (Stimpson, 1857)

This is the common intertidal species of sea urchin on the west
coast of the United States. It is found on almost every rocky outcropping
along the entire coast and has been greatly exploited by developmental
biologists, cellular biologists and biochemists. Mortensen (1943) states,

it seems to be strictly littoral, and has been so far
recorded only from the littoral region. I have, however,
dredged one young specimen at a depth of c. 20 meters off
La Jolla. 11
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This form was not collected on the "Albatross" expeditions (1899-1914)
which dredged in shallow waters off Oregon, nor has it ever been
reported from subtidal regions off Oregon.

We collected four adult specimens from 64 meters, 31 miles off
shore on Heceta Bank, probably on a rocky substrate. This increases the
depth range to 64 meters, a new record for the species. It is quite
likely that other shallow rocky areas will yield this sea urchin. These
areas have not been extensively sampled since collecting gear tends to
become entangled and lost on the rocks.

Strongylocentrotus franciscanus (A. Agassiz, 1863)

This sea urchin is well known from the intertidal collections along
the Oregon coast and occurs at low tide levels along with the smaller
S. purpuratus. It is not nearly as common as S. purpuratus and probably
constitutes less than one percent of the intertidal sea urchins. Mortensen
(1943) stated that he had dredged it from 125 meters in the Straits of Georgia
(British Columbia) but does not mention it from other subtidal collections.

Three specimens have been collected off the Oregon Coast, two at
64 meters, and one at 46 meters.

Strongylocentrotus echinoides Agassiz and Clark, 1907

This species is close to S. dr6bachiensis (Muller, 1776) which is
found as far south as Puget Sound. Grant and Hertlein (1938) believe

S. echinoides is probably only a form of S. drobachiensis
and may not be entitled to specific or subspecific standing. "

Mortensen (1943), on the other hand, believes that the two are distinct
species.

S. echinoides was collected from off Oregon by the "Albatross"
expedition. A single specimen was taken off Heceta Head in 64 fathoms and
is considered by Clark (1912) to be typical of the species. Mortensen
(1943) collected a typical specimen from the Straits of Georgia (British
Columbba), well within the range of S. drobachiensis.

We have collected ten specimens from eight stations off
Oregon which we believe to be S. echinoides. These were collected
from depths of 88 to 146 meters. Except for the two specimens
mentioned above, this form has not been collected from the waters
off North America south of Alaska.
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A 50 mm specimen in our collection has 15 inter-ambulacral
coronal plates as is described for S. echinoides. However, there are
almost always only 6 pore pairs which is more typical of S. drb'bachiensis,
The color of the prepared test (bleached with hypochlorite solution) is
white with traces of both green and red near the apex. These features
and its deeper distribution suggest S. echinoides. More specimens will
undoubtedlyneed to be studied to.determine if two species actually exist
or if the differences are only geographical variants.

Allocentrotus fragilis (Jackson, 1912)

This species is known only from the west coast of North America
where it is exceedingly common on the continental shelf and upper slope.
It was formerly known as Strongylocentrotus fragilis and has been so
recorded from waters off Oregon. Mortensen (1943) stated that its range
extends from Vancouver Island to Lower California in c. 50 to 1150 meters.
Off Oregon it has been collected by the "Albatross" Expedition at four
stations ranging in depths from 50 to 277 fathoms (Clark, 1912).

Our collections contain more than 1300 specimens from 42
stations ranging in depth from 68 to 674 meters. This form is certainly
one of the dominant animals of the continental shelf and upper slope.
Collections from 195 and 155 meters had specimens as large as 92 mm
in diameter and more purple than the smaller specimens.

Carey and Osterberg (in preparation) have studied some aspects
of the radioecology of this species and found that more Zn 65 is taken up
in the spring than in the fall, a situation that is probably related to the
reproductive activity since this form normally spawns in the spring.
They have further shown that Zn 65 is concentrated by this form off
the central Oregon coast where this radionuclide cannot be detected
in the sediments. This is another example of the importance of
benthic organisms in determining the distribution and concentration
of radionuclides.

Brisaster townsendi (A. Agassiz, 1898)

B. townsendi and B. latifrons (A. Agassiz, 1898) were announced
by Agassiz in 1898 but were not fully described until 1904. Both were
described from material collected in the Central American Pacific.
Later cruises, especially those of the "Albatross" collected B. latifrons
in coastal waters from Panama along the west coast of North America
to the Bering Sea and southward along the Asiatic coast into Japan and
Korea (Clark, 1917). B. townsendi was also found along the entire coast
of North America from Panama to Southeast Alaska, but not from the
Arctic or Asiatic portions of the Pacific.
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Morphologically B. latifrons and B. townsendi are quite similar.
B. latifrons differs in possessing posterior petals of the ambulacral
system which are markedly shorter than in B. townsendi, and in having
minor differences in the arrangement of plates near the labium. Clark
(1917) stated with respect to B. townsendi,

". . . as a rule the specific characters are well shown, but
there is a tendency to intergrade with latifrons, and possibly
hybridization with that species occurs.

Both species have considerable diversity (Clark, 1917). Agassiz does
not indicate in either his 1898 announcement or his 1904 description how
many specimens of each he had, nor does Clark (1917) tell how many came
from each station. However Clark did have 232 specimens of B. townsendi
from 9 stations and 494 of B. latifrons from 50 stations (10 from the
west coast of North America).

Mortensen (1951) does not believe it possible to distinguish
young specimens of the two species and stated that of those

". . . collected in- the Straits of Georgia near Nanimo, B. C. in
1915 the larger specimens are typical Townsendi, while the young
specimens might rather be regarded as latifrons; but it would
have no sense that all the large specimens should be one
species, all the smaller specimens from the same locality
another species. "

Our material from 19 stations off the coast of Oregon in 118 to
840 meters contains more than 235 specimens. It appears to fit the
descriptions of B. townsendi and the posterior petals are almost all
at least one half the length of the anterior petals. In the smaller specimens
the posterior petals may be somewhat shorter, but a graded series of
specimens indicates that we are dealing with a single species.

Mortensen (1951) doubted the validity of B. latifrons, but retained
it in his work. He further believed that B. latifrons from Japan was
B. owstoni Mortensen, 1950, but felt that more study was needed.

While we have not collected B. latifrons, we have collected
specimens which approach it and are inclined to believe that a single
species, B. townsendi, exists along the west coast of North America.
It seems somewhat more reasonable to assume that variation exists
to produce a graded series than to predicate this variation on two
distinct species representing the ends of the series with hybrids in
between as Clark (1917) did.
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Should B. latifrons and B. townsendi ultimately be shown to be
to be conspecific, B. latifrons has page precedence and would become the
name.

Carey and Osterberg (in preparation) have studied the radioecology
of the Oregon Briaster and find that it does not concentrate Zn 65 to the.
same degree as Allocentrotus fragilis from the same station. They attri-
bute the difference to the fact that A. fragilis feeds on surface sediments
while B. townsendi burrows beneath the surface.

Dendraster excentricus (Eschscholtz, 1831)

Grant and Hertlein (1938) gave the range of this echinoid. from
Alaska to Lower California. While the form is occasionally found
intertidally, it generally remains beyond the direct action of the ,waves.
The "Albatross" Expedition collected it in British Columiba and in
5. 5 fathoms (10 meters) off Lower California (Clark, 1914), but it
was not collected off Oregon. Mortensen (1948) also gives the distribution
as from Lower California to Alaska. It is known from sub-tidal regions
along the California Coast (Ricketts and Calvin, 1939), and one of us
has collected it intertidally in Puget Sound and along the Oregon Coast.

We have collected many specimens from 10 stations off Oregon
ranging in depth from 22 to 56 meters. Most of the specimens, but not
all, from depths of 50 meters or more were small, usually less than
10 m in diameter.

Sperosoma giganteum Agassiz and Clark, 1907

This species was described from a single large specimen taken
off Japan in 1190 meters of water. It is the largest echinoid known,
measuring 320 mm in diameter. It has not been reported since.

We have collected five specimens off the coast of Oregon which
we believe to be. S. giganteum. These agree. well with the description of
Agassiz and Clark (1909) but we were never able to find ophiocephalus
pedicellaria. The specimens were somewhat damaged and the hoofed
spines were also missing. All specimens were greatly flattened and
gave the impression of a flabby pancake.

Our specimens were not as large as the holotype which measured
320 mm in diameter but ranged from 112 to 160 mm in diameter. They
were collected from depths of 2086 to 2850 meters from 3 stations.
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Sperosoma obscurum Agassiz and Clark, 1907 has been found
near Hawaii in 300 to 1245 meters but differs in possessing long narrow
tridentate pedicellaria which are characteristic of that species. Sperosoma
is not.known from the northern hemisphere except for the single specimen
of S. giganteum taken off Japan, S. obscurum from Hawaii, and a single
specimen taken-from the Bering Sea and identified as S. biseriatum
Doderlein, 1901 by Agassiz and Clark (1909). Agassiz and Clark (1909) and
Mortensen (1935) doubt that this specimen belongs to S. biseriatum but do
not dispose of the specimen elsewhere.

Our collection extends the geographic range of S. giganteum to the
Eastern Pacific and the bathymet:ric range to much deeper waters. The
bathymetric range is now 1190 to 2850 meters.

Ceratophysa rosea (Agassiz, 1879)

C. rosea was described from fragments of the anal snout and part
of the apical region. For his original description.Agassiz gives the following;

"Pourtalesia rosea A, Ag. , nov. sp.
Fragmentsonly of the species were collected. It is however

well characterized by the peculiar shape of the anal snout which
is laterally compressed, truncated posteriorly. From the few
fragments of the test found, they must belong to a large species
closely allied to P. ceratopyga. Stations 272, 2600 fathoms.

This is the complete description; there were no figures. Station
272 is located at 3 0 48' O" S and 152° 56' 0" W in radiolarian ooze at
2600 fathoms (4755 meters).

Two years later Agassiz (1881) described the species more fully
and included four drawings. The last of these (fig. 6) was believed by
Mortensen (1950) to be in error. Mortensen (1907) showed drawings of
the ophiocephalus and tridentate pedicellaria which are considered distinctive
of the species. Clark (1925) wrote that

". . . probably no other sea-urchin has been given a name on
the basis of such poor material."

Fragments of a pourtalesiid which appear to be close to C. rosea
and have pedicellaria that are very close were collected about 145 miles
off Newport, Oregon in 2600 meters of water.

Dr. David L. Pawson of the U. S. National Museum has kindly
examined the fragments and agrees that we are probably correct in
assuming them to be from C. rosea. It is unfortunate that our fragments
add nothing to the meager knowledge of the morphology of this species,
however.



196

Our collection extends the geographical range to the Eastern Pacific
and makes the bathymetric range 2600 to 4755 meters.

DISC USSION

A key to the Oregon species of echinoids seems superfluous at
this time. The three species of Strongylocentrotus and Allocentrotus
fragilis can easily be separated from each other on the basis of color
and spine structure. A. fragilis has a delicate test, thin spines and a
definite orange color. The species of Strongylocentrotus have much more
robust tests. S. franciscanus is deep red, large, and has long thin spines.
S. purpuratus is a blue-purple with short spines. S. echinoides is
similar to S. purpuratus but has spines with a whitish tip and has pore
pairs in 5 76 instead of 8 - 9. S. echinoides is very close to S. drobachiensis
and may ultimately prove to be a variant of that species although S. echinoides
has never been reported from the intertidal zone.

The other species so far reported are one of a kind and are easily
distinguished from all other species heretofore collected off Oregon.
D. excentricus is the only sand dollar and B. townsendi is the only heart
urchin since we consider B. latifrons to be a species enquirende. S. giganteum
is the only echinothurid sea urchin and is characterized by the flexible test,
and C. rosea possess an elongate shape and extremely fragile test.

S. purpuratus, B. townsendi, D. excentricus, and 'A. fragilis occur
in massive beds either intertidally or immediately sub-tidally and provide
a good supply of organisms for experimental biologists. S. purpuratus
feeds on fragments of macroscopic algae and D. excentricus is probably
a filter feeder. A. fragilis and B. townsendi are both deposit feeders,
the former feeding on the surface and latter burrowing beneath it. Four
closely related animals with different feeding habits provide an excellent
opportunities for comparative ecological studies.

Bathymetric ranges are summarized in table 1.
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TABLE 1.
BATHYMETRIC DISTRIBUTION OF OREGON ECHINOIDS

Species

Strongylocentrotus purpuratus

Strongylocentrotus franciscanus

Strongylocentrotus echinoides

Allocentrotus fragilis

Dendraster excentricus

Brisaster townsendi

Sperosoma giganteum

Ceratophysa rosea

Depth
(Meters)

0-64

0-64

88 - 146

68 - 674

0-56

118 - 840

2086 - 2850

2600
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4. Benthos

Appendix
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Preliminary List of Benthic Invertebrates off Newport, Oregon

Coelenterata
Anthozoa

Leioptilus quadrangularis
Stylatula elongata
Balticina pacifica
Pennatula phosphorea var. Californica
Funicula sp.
Virgulaira bromleyi
Umbellula sp.
Anthoptilum grandiflorum
Kophobelemnon sp.
Epizoanthus sp.
Clavularia sp.
Pennatula sp.
Protoptilum sp.

Mollusca
Gastropoda
Nassarius sp.
Armina californica
Antiplanes perve 6'sa
Antiplanes sp.
Antiplanes vinosa
Neptunea spp.
Mohnia sp.

Bathybembix bairdi
Tritonia sp.
Bathydoris sp.
Solemya agassizi
Pecten randolphi

Scaphopoda
Cadulus sp.
Dentalium sp.

Chelicerata
Pycnogonida

Pallenidae

Arthropoda
Decapoda

Cancer magister
Munida quadrispina
Paralomis multispina
Paralomis ver.rilli (?)
4 species of Munidopsis



201

Lopolithodes foraminatus
Chionoecetes tanneri
Pagurus sp.
Pagurus ochOtensis
Pandalus jordani
Pandalus danae
Crago communis
Spirontocaris macrophthalmia
Pasiphaea pacifica
Sergestes sp.
Gennadus borealis
Gnathophansia ingens
Sergestes similis
Ceratomysis spinosa

Cirripedia
Scalpum spp.
Scalpellum sanctaebarbarae

Brachiopoda
Laqueus californicus

Echinodermata
Asteroidea

Eremicaster pacificus
Dytaster gilberti
Pseudarchaster sp.
Pseudarchaster dissonus
(Astrocles actinodetus) ?
Dipsacaster anoplus
Psilaster pectinatus
Myxoderma platyacanthum rhomaleum
Anteliaster sp.
Nearchaster aciculosus
Ampheraster marianus
Zoroaster evermanni mordax
Lophaster furcilliger
Ctenodiscus crispatus
Hymenaster quadrispinosus
Hymenaster sp.
Benthopecten sp.
Pisaster sp.
Pycnopodia helianthoides
Stylasterias forreri
Luidia foliolata
Mediaster aequalis
Pseudarchaster parelii alascensis
Orthasterias koehieri
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Heterozonias alternatus
Hippasteria spinosa
Pedicellaster sp.
Myxode rma sac culatum
Solaster borealis
Hippasteria californica
Thrissacanthias penicillatus

Echinoidea
Brisaster townsendi
Allocentrotus fragilis
Ceratophysa rosea
Sperosoma giganteum

Holothuroidea
Stichopus californicus
Pentamera populifera
Molpadia intermedia
Laetmophasma fecumdum
Pannychia moseleyi
Scotoplanes theeli
Paelopatides sp.
Peniagone sp.
Molpadia musculus
Chiridota albatrossi
Psychropotes raripes
Pseudostichopus sp.
Molpadia sp.
Pseudostichopus nudus
Abyssicucumis albatrossi
Molpadia granulatum
Synallactes gilberti
Molpadia spinosa
Synallactes sp.
Scotoplanes sp.

Ophiuroidea
Ophiura lutkeni
Ophiura sp.
Ophiura sarsii
Ophiacantha sp.
Ophiopholis sp.
Ophiomusium jolliensis
Ophiocten pacificum
Asteronyx loveni
Ophiacantha normani
Ophiura hadra
Ophiura irrorata
Ophiocten pacificum
Amphiura diomedeae
Ophiomusium multispinum
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Annelida

Polychaetes

Aphroditidae (Malmgren, 1868)

Aphrodita japonica (Marenzeller)

Polynoidae (Malmgren, 1867)

Nemidia canadensis (McIntosh)
Others not identified

Sigalionidae (Malmgren, 1867)

Leanira sp.
Thalenessa spinosa (Hartman)

Amphinomidae (Savigny, 1818)

Chloeia pinnata (Moore)
Pareurythoe sp.

Phyllodocidae (Williams, 1852)

Anaitides groenlandica (Oersted)
Anaitides medipapillata' (Moore)
Anaitides sp.
Eulalia sp.
Etone Tonga (Fabricius)
Genetyllis nigrimaculata (Moore)
Mystides sp. quesstionable)
Phyllodice sp.

Hesionidae (Ehlers, 1846)

Oxydromus arenicolus glabrus (Hartman)

Pilargidae (Saint-Joseph, 1899)

Ancistrosyllis groenlandica (McIntosh)
Ancistrosyllis sp.

Syllidae (Grube, 1850)

Typosyllis armillaris (Muller)
Typosyllis hyalina Grube)
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Nereidae (Johnston, 1865)

Ceratocephala loveni pacifica (Hartman)
Cheilonereis cyclurus (Harrington)
Nereis pelagica Linnaeus,)
Nereis sp.

Nephtyidae (Grube, 1850)

Nephtys cacoides (Hartman)
Nephtys ci iata Muller)
Nephtys cornuta (Berkeley)
Nephtys ferruginea (Hartman)
Nephtys longosetosa (Oersted)
Nephtys punctata (Hartman)

Sphaerodoridae (Malmgren, 1867)

Sphaerodorum brevicapitis (Moore)

Glyceridae (Grube, 1850)

Glycera robusta (Ehlers)
Glycera tesse ata (Grube)
Glycera sp.
Hemipodus borealis (Johnson)

Goniadidae (Kinberg, 1866)

Glycinde pacific (Monro)
Glycinde polygnatha (Hartman)
Goniada annulata (Moore)
Goniada brunnea (Treadwell)
Goniada sp.

Onuphidae (Kinberg, 1865)

Nothria elegans (Johnson)
Nothria geophiliformis (Moore)
Nothria pallid (Moore)
Onuphis sp.

Eunicidae (Savigny, 1818)

Eunice (Webster)
Eunice sp.

Lumbrineridae (Malmgren, 1867)

Lumbrineris similabris (Treadwell)
Lumbrineris bicirrata (Treadwell)
Ninoe gemmea (Moore)
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Arabellidae (Hartman, 1944)

Arabella iricolor (Montagu)

Sedentaria

Orbiniidae (Hartman, 1942)

Ha loscolo los elongatus (Johnson)
Phylo nudus (Kinberg)
Scoloplos armiger (Muller)

Paraonidae (Cerruti, 1909)

Aedicira belgicae (Fauvel)
Aedicira ramosa (Annenkova)
Aricidea (neo) succica (Hartman)
Aricidea uschakowi Zachs)
Aricidea sp.
Paraonis gracilis oculata (Hartman)
Paraonis sp.

Spionidae (Grube, 1850)

Laonice cirrata (Sars)
Nerine o iosa (Audouin & M-Edwards)
Polydora cardalia (Berkeley)
Polydora ci iata va. cardalia (undescribed)
Prionospio cirr iera ir®n

rionos i.o ma m reni (Claparede)
Prionospio pinnata ffhlers)

rionos o P.
Spin aesbombyx (Claparede)
yio panes cirrata (Sara)
plop anes sp.

Megelonidae (Cunningham & Ramage, 1888)

Magelona cerae (Hartman & Reish)
Magelona papillicornis (Muller)
Magelona pitelkai (Hartman)
Magelona sp.
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Chaetopteridae (Malmgren, 1867)

Chaeto to rid, anterior end
Telepsavus costarum (Claparede)

Cirratulidae (Carus, 1863)

Chaetozone setosa (Malmgren)
Cossura longocirrata (Webster & Benedict)
Heterocirrus sp.
Tharyx multifils (Moore)
Tharyx sp.

Flabelligeridae (Saint-Joseph, 1894)

Brada villosa (Rathke)
Pherusa negligen (Berkeley & Berkeley)

Scalibregmidae (Malmgren, 1867)

Scalibregma inflatum (Rathke)

Opheliidae (Malmgren, 1867)

Ammotrypane aulogaster (Rathke)
Ammotrypane breviata Ehlers)
Ammotrypane cylindricaudatus (Hansen)
Ophelia limacina (Rathke)
Travisia brevis (Moore)
Travisia pupa (Moore)

Sternaspidae (Carus, 1863)

Sternaspis fossor (Stimpson) probable
Sternaspis scutata (Renier)

Capitellidae (Grube, 1862)

Notomastus (C.) lineatus (Claparede)

Maldanidae (Malmgren, 1867)

Asychis disparidentata (Moore)
Asychis similis (Moore)
Axiothella rubrocincta (Johnston)
Euclymene reticu ata (Moore)
Maldane sarsi Arwidsson)
Nicomache umbricalis (Fabricius)
Petaloproctus sp.
Praxillella affinis var. pacifica (Berkeley)
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Maldanidae (cont.)

Praxillella gracilis (Sars)
Rhodine bitorquata (Moore)

Oweniidae (Rioja,' 1917)

Myriochele heeri (Malmgren)
Owenia fusiformis (delle Chiaje)

Sabellariidae (Johnston, 1856)

Idanthyrsus ornamentatus (Chamberlin)

Pectinariidae (Quatrefages, 1865)

Cistenides brevicoma (Johnson)
Pectinaria californiensis (Hartman)

Ampharetidae (Malmgren, 1867)

Amage anops (Johnson)
Ampharete Goesi (Malmgren)
Amphicteis mucronata (Moore)
Amphicteis scaphobranchiata (Moore)
Anobothrus gracills Malmgren)
Melinna cristata (Sars)
Melinna ochotica (Uschakov)
Melinna sp.

Terebellidae (Malmgren, 1876)

Artacama coniferi (Moore)
Pista cristata Muller)
Pista fasciata (Grube)

Trichobranchidae (Malmgren, 1866)

Terebellides stroemi (Sars)
Trichobranchus glacialis (Malmgren)

Sabellidae (Malmgren, 1876)

Chone gracilis (Moore)
Euchone ands (Kroyer)
Fabrica sp.
Megalomma splendida (Moore)
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Amphipoda

Gammarid amphipade

Ampelisca compressa
A. cristata
A. brevisimulata
A. hancocki
A. pugetica
A. n. sp.
A. macrocephala unso

Anonyx makarovi
A. carinatus
A. sp.

Aoroides columbiae

Argissa hamatipes

? Bathymedon pumilus

Bathymedon covilhani
B. flebilis
B. vulseculus
B. sp.

Byblis veleronis
B. ?

B.
B.
B. ?

affinis
bathyali s
tannerensis
crassicornis
barbarensis

Calliopius laeviusculus

Eohaustorius sp.

Epimeria sp.

Eriopisa elongata

Eurystheus sp.

Finoculodes omniferus

Halicella sp.

Haploops sp.

Harpinia fulgens
H. excavatus

B.
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Harpinia fulgens (cont.)
H. emeryi
H. percell'aris
H. epistomatus
H. triplex
H. gale rus
H naiaidi s
H. n. sp.

Heterophoxus oculatus

Hippomedon ? coecus
H. nubifer

Ischyrocerus sp.

Lepidepecreum garthi

Liljeborgia cota

Listriella albina
L. goleta

Megaluropus longimerus

Melita desdichada

Metaphoxus frequens

Microvassa sp.

Monoculodes emarginatus
M. spinipes
M. glyconica
M. recadesco
M. sp.

Nicippe tumida

Or'chomene decipiens
0. pacifica
0. cf holmesi

Pachynus barnardi
P. sp.

Paraphoxus fatigans
P. daboius
P. obtusidens
P. bicuspidatius
P. epistomus
P. tricuspidatus
P. oculatus
P. n. sp.
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Paradaliscella symmetrica

Photis brevipes
P. chiconola
P. sp.

Protomedeia cf zotea
P. cf penates
P. sp.

Pseudotrion sp.

Rhachotropis inflata
R. clemens
R. distincta
R. sp.

Socarnoides illudens

Sympleustes cf glaber

Synchelidium sp.

Syrrhoe longifrons
.S... sp.

Uristes sp.

Westwoodilla caecula

J. L. Barnard's unofficial names.*
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III STUDENT PARTICIPATION

Our greatest growth has been in the number and quality of our
graduate students. Eleven students are currently doing theses research
on some aspect of either ecology or radioactivity in the environment, and
three more have been accepted for the new school year. Some information
on the students is included below:

Ph. D. Candidates

(1) John Cronin AEC Assistantship Chemistry of Dissolved Organics

John received an MS in biochemistry at Texas A & M, and worked
a year under Dr. Hood. He has been awarded an AEC-Battelle
Northwest Labs fellowship, and will spend the summer at Hanford
working under Dr. Burger.

(2) R. Ward Renshaw AEC Assistantship Ecology

Ward is completing his research on the vertical distribution
and migration of oceanic zooplankton.

(3) William Renfro USPHS Predoctoral Fellow Radioecology

Bill has an MS from the University of Texas, and is a biologist.
He has authored three publications, all prior to his arrival at
O. S. U. His interest is in the passage of radionuclides through
food chains.

(4) Lawrence Frederick USPHS Trainee Physics

Larry has a BS and MS in Physics from the University of New
Hampshire. He is skilled in electronics, and is working with
in situ gamma ray probes on physical diffusion problems.

(5) Robert Holton USPHS Predoctoral Fellow

Bob completed his MS in Radiation Genetics at the University,
of Minnesota in June 1965. He is interested in radiation effects
on marine animals.

(6) Ford Cross USPHS Trainee Radioecology

"Bud" has an AEC-Battelle Northwest Lab fellowship, and will
spend the summer working on uptake of radionuclides by marine
amphipods under Dr. Dean. Bud received his BS from Mount
Union College, and his MS from O. S. U.



(7) Lois Haertel USPHS Trainee Radioecology

Lois received her BS and MS from the University of Illinois
(Zoology) and is currently in charge of our Columbia River
ecology study. She will resign this position September 1 to
become a full-time student. She is interested in zooplankton-
woodfiber-radioactivity relationships.

MS Candidates

(1) David Jennings USPHS Trainee Physics

Dave has an AEC-Battelle Northwest Labs fellowship, and will
spend the summer working on alpha counting techniques in
Dr. Nielsen' s group. Dave is an honor graduate of Nazarene
College, and has a recent paper in Science on his in situ gamma
probe. He plans to continue toward his Ph. D. degree.

(2) Vernon Johnson AEC Assistantship Geochemistry

Vern is completing his dissertation on binding properties of
radionuclides on sediments and is undecided on his future.
Since both degrees are from 0. S. U. , he must petition to continue
here. If he does, and his petition is granted, his assistantship
will be continued.

(3) Norman Kujala AEC Assistantship Radioecology

Norm has a degree in fisheries, and his MS thesis (Oceanography)
concerns gamma emitters in salmon, He has served as de-
partmental field party chief for four years, and has fished com-
mercially for salmon and albacore for 12 years. Because of
his abilities, he is a logical successor to Lois Haertel, and will
take over the Columbia River estuary work about 1 September,
after completing his thesis.

(4) Peter Hanson USPHS Trainee Geochemistry
Pete is an honor graduate of Fresno State and has a BS degree
in both chemistry and geology. He has not yet begun thesis
research, but has completed his course work.

(5) Lynn Buffo AEC Assistantship Chemistry

Miss Buffo graduate from Carleton College this June, (BS in
Chemistry) and will join us in September.
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(6) Harriet Van Arsdale NSF Ecology

Miss Van Arsdale has completed a large portion of her course
work requirements. Her research is on the vertical distri-
bution and species composition of oceanic amphipods.
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IV. PAPERS IN PREPARATION

A. Nekton

(1) Pearcy, W. Depth, daily and seasonal variations in biomass
and zinc-65 in midwater. animals off Oregon.

(2) Pearcy, W., S. Meyer, O. Monk.. A four-eyed fish from
the deep sea.

(3) Pearcy, W. , M. Laurs. Vertical migration and distribution
of mesopelagic fishes off Oregon.

(4) Pearcy, W. , C, Osterberg. Gamma emitters in albacore tuna.

(5) Pearcy, W. , C. Forss. Vertical distribution of pelagic
shrimp off Oregon.

(6) Renshaw, R. W. Vertical distribution of zooplankton collected
with multiple meter nets. (Ph. D. thesis)

(7) Van Arsdale, H. Species composition and distribution of
pelagic amphipods. (M. S. thesis)

B. Benthos

(1) Carey, A. Notes on the occurrence and acitivity of radio-
nuclides in benthos off the Oregon Coast.

(2) Carey, A. Ene rgetic s of Long Island Sound Benthos II.
Energy utilization of Nephtys incisa (Malmgren).

(3) Carey, A. Energetics of Long Island Sound Benthos III.
Energy utilization of Nucula proxima (Say).

(4) Carey, A. Shallow and deep water polychaetous annilids
off Oregon (with D. Hancock).

(5) McCauley, J. Asteroids off the Oregon coast (with A. Carey).

(6) McCauley, J. Echinoids off the Oregon coast (with A. Carey).
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C. Radiochemistry - Radioecology

(1) Johnson, V. , N. Cutshall, C. Osterberg. Exchange prop-
erties of Columbia River sediments. (M. S. thesis)

(2) Cutshall, N. , C. Osterberg. Chemistry of chromium-51 in
natural waters. (Ph. D. thesis)

(3) Cronin, J. , et al. Dissolved organics in sea water. (Ph. D.
thesis)

(4) Cutshall, N. , C. Osterberg. The chemical and physical state
of some trace radionuclides in sea water.

(5) Kujala, N., C. Osterberg. Radionuclides in salmon. (M. S.
thesis)

(6) Haertel, L. and Osterberg. Biology of the Columbia River
estuary.

(7) Jennings, C. , et al. Gamma emitters in estuarine sediments.
(M. S. thesis)

(8) Cronin, J. , C. Osterberg. Stable zinc in sea water.
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V PAPERS PRESENTED AND MEETINGS ATTENDED

Osterberg, Charles L.
Pacific Division, AAAS, Vancouver, British Columbia.
June 22-27, 1964
In panel discussion, on "Not-so-Inexhaustible Sea, " Joel Hedgpeth

presiding.
Title, "Radioactive Pollutants - Past and Present"

Marine Disposal Engineering Course, USPHS, Seattle, Washington
July 27-31, 1964
Title, "Composition of Sea Water"

Lecture tour, American Geophysical Union Visiting Scientist Program.
October 11-23, 1964

(a) California State College at Long Beach
(b) University of California at La Jolla
(c) Los Angeles City College
(d) University of Southern California
(e) Los Angeles Valley College

Lectures given were entitled
(a) "Radioactivity in the Oceans"
(b) "The Oceans as a Waste Receptacle"

Adult Education - "Radioactivity in the Oceans"
(a) Salem, Oregon, March 17, 1965
(b) Eugene, Oregon, April 20, 1965

ASLO and MTS, Washington, D. C.
June 14-17, 1965
In symposium entitled "Distribution of Columbia River' Water in the

Pacific" C. Barnes, presiding
Title, "Radioactivity from the Columbia River"

Also attended ASLO conference on estuaries, Jekyl Island, Georgia,
March 31-April 4, 1964 and Symposium on Radiation and Terrestrial
Ecosystems, Richland, Washington, May 3-5, 1965

Pearcy, William G.
Adult Education - "Deep-Sea Biology"

(a) Salem, Oregon, April 14, 1965
(b) Eugene, Oregon, May 25, 1965
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Pacific Division, AAAS, Riverside, California
June 22, 1965
Title, "Vertical Distribution and Migration of Micronekton off

Oregon'r'

Also attended ASLO Conference on Estuaries, Jekyl Island, Georgia
March 31 - April, 4, 1964

Carey, Andrew G, Jr.
Pacific Northwest Oceanographers Conference, Corvallis, Oregon
February 5, 1965
Title, "Animal-Sediment Relationships off the Oregon Coast"

(with Danil Hancock)

Faculty Ecology Seminar, University of Washington, Seattle,
Washington

March 1965
Title, "The Ecology of the Benthos off Central Oregon"

ASLO and MTS, Washington, D. C.
June 14-17, 1965
Title, "Preliminary Studies on Animal-Sediment Interrelationships

Off the Central Oregon Coast

Pacific Division, AAAS, Vancouver, British Columbia
June 22-27, 1964

McCauley, James E.

AIBS, Boulder, Colorado
August 1964
Title, "Collection of Helminths from Marine Abyssal Fishes"

(with Rod Eagle)

Chairman, 26th Annual Biology Colloquium, Oregon State University,
Corvallis, Oregon

April 23-24, 1965
Topic. "Host-Parasite Relationships"
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CHROMIUM-51 AS A RADIOACTIVE TRACER OF COLUMBIA

RIVER WATER AT SEA

Charles Osterberg, Norman Cutshall, and John Cronin

The Columbia River is probably the world' s most radioactive river,
because it carries some 25,000 curies per month from the Hanford,
Washington reactors to the sea. (1) In summer, Columbia River water
can be detected far from shore as a low salinity plume, floating on top
of denser, saltier sea water. Because of the amount of water involved,
levels of radioactivity in the river present no health hazard. And, in
the case of the plume, radioactivity is so low as to provide a challenge
to those interested in its measurement.

Oceanographers have risen to the challenge because the radioactivity
uniquely labels Columbia River water, making it distinctly different from
fresh water from nearby rivers or rainfall - a difference that salinity
measurements cannot detect. Furthermore, radionuclides which move
with the plume can, because of their known half-lives, provide information
on the rates of water flow and vertical diffusion.

We succeeded in following the plume of the Columbia River from its
source, near Astoria, Oregon, to a point southwest of Coos Bay, Oregon,
some 350 km away, by measurement of its chromium-51 content. During
this cruise on the USCG MODOC (26 June - 1 July 19115) we did not thor-
oughly test the sensitivity of our technique, since Cr was easily meas
urable in the spectrum of the sample from the collecting site most distant
from the river' s mouth (Figure 1).

In previous efforts, Osterberg et al. (2) attempted to relate the zinc-65
content of euphausiids (small shrimp-like animals) to the Columbia River
plume off Oregon. Although some correlations were apparent, it was
realized that animals are essentially integrators, and may not reflect the
radioactivity of their immediate environment. These authors suggested
that Cr51 might be a better indicator of Columbia River waters, since,
unlike Zn65, it remains in solution and is not appreciably concentrated by
the biota. Gross et al. (3) were able to measure Cr51 directly in the water
with an in situ probe, but sensitivity of the instrument prevented detecti
beyond about 75 km from the mouth. Chakravarti et al. (4) reported Cr
and other radionuclides in 10 liter samples taken near the mouth of the
Columbia River, The exact locations of their sampling sites were not given.
Curl et al. (5) consistently found Cr51 73, km from the mouth of the river
oh filters through which sea water had been pumped. Since most of the
chromium passes through the filters, their method had serious limitations.
Our efforts to concentrate the chromium-51 in the filtrate on exchange or
chelating resins were largely unsuccessful. These experiences led to the
development, by Cronin and Osterberg, of a large volume chemical apparatus
with which coprecipitation of trace metals from sea water could be carried
out aboard ship.
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Figure 2. Chromium-51 counts/minute/100 liters, corrected to date
of collection. Greatest velocity of water movements was between points
labeled A and B. 'Parentheses indicate duplicate samples.
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Surface water samples (160 gallons each) were pumped through 10. 5-
inch membrane (0. 45 µ) filters with glass fiber prefilters (Gelman Instrument
Co.) into large epoxy lined tanks. (6) Stable carriers (Zn2+, Cr 3+, SbO+,
Mn2+) were added along with FeC13. After thirty minutes of stirring, the
pH was raised to 9. 5 to form a ferric hydroxide precipitate. A flocculating.
agent (Separan ND 10, Dow Chemical) was added, and, after five minutes
of stirring, the mixture was allowed to settle. In two to three hours the
precipitate was concentrated in the conical bottom of the tank. After siphoning
off the bulk of the water, precipitate and residual water were drained into
13-gallon plastic bottles. By successive decay tinge, after appropriate
settling periods, sample volumes were reduced to less than 2 gallons each.

In the laboratory, precipitates were reduced to 800 ml by dissolving
in hydrochloric acid and heating in a water bath. The 800 ml samples were
placed in plastic bottles and analyzed on top of a 5 x 3-inch NaI (Tl) detector
coupled to an ND 130AT multichannel analyzer. Considerable speed of
collection and processing is mandatory because of the short (27. 8d) half-
life of

Results (Figure 2) show that the plume of the Columbia River in late
June moves to the southwest off the Oregon coast. This general summer-
time position is well known to oceanographers, and can be (and was) verified
by salinity measurements.

In order to use Cr51 data to determine absolute transport rates, chromium
must be conserved (i. e. , not lost to animals or sediments) in the plume
waters. While some losses do occur, Cr51 is probably the most conservative
of the abundant radionuclides in the Columbia River, since it is not concen-
trated by most. oceanic animals. An allowance must also be made for the
dilution of the plume with distance from the river' s mouth, although, in
this case, ,fresh water is being diluted with sea water. When this correction
is made, we find the maximum rate of plume movement to be 7. 1 miles per
day, based on loss of -Cr51 by radioactive decay. This is a minimum speed,
since any losses other than radioactive decay would act to decrease the
apparent rate of flow.

The value thus determined agrees well with those based on physical
measurements, but is faster than the apparent southward movement derived
from measurements of zinc-65 in euphausiids (2). Zinc-65, however, is
biologically active and subject to losses other than radioactive decay.

The techniques based on the measurements of Cr51 have their greatest
potential during the winter months. Then, Columbia River flow is at a
minimum and the salinity is confused. A seasonal change in prevailing winds
helps drive the reduced plume northward and shoreward off Washington where
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FIGURE 1. SPECTRA OF COPRECIPITATED SEA WATER SAMPLES FROM STATION WITH GREATEST Cr51
ACTIVITY (.A), AND-FROM STATION AT GREATEST DISTANCE FROM THE MOUTH OF THE COLUMBIA RIVER
(B). COLLECTION SITES ARE POINTS A AND C RESPECTIVELY ON MAP IN FIGURE 2.
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it quickly loses its identity in the flood of fresh water from swollen coastal
streams and winter rains. How far north the plume extends, or how deep
it mixes under these conditions has been a problem beyond solution by the
classical tools of oceanography. Radiochemical techniques promise to
identify Columbia River waters wherever they may go.

REFERENCES AND NOTES

1. This is the number usually reported by Hanford Laboratories, but
some reductions should have occurred during the first six months
of 1965, when phasing out of three of the eight reactors began.

2. C. Osterberg J. Pattullo, W. Pearcy. Limnol. and Oceanogr.
2, 249 (1964).

3. M. G. Gross, C. A. Barnes, G. K. Riel, in preparation.

4. D. Chakravarti, G. B. Lewis, R. F. Palumbo, A. H. Seymour.
Nature '203: 571-573 (1964).

H. Curl, N. Cutshall, C. Osterberg. Nature 205, 275 (1965).

Cronin and Osterberg, in preparation.

5.

6.
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2. An Anchor-Box Dredge for Deep-Sea Sampling

by

ANDREW G. CAREY, JR. and DANIL R. HANCOCK

Department of Oceanography
Oregon State University
Corvallis, Oregon 97331

In Press (Deep Sea Research, 1965)
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Abstract - The Anchor-Box Dredge, a modified Sanders Deep-

Sea Anchor Dredge, has been developed for studying benthic fauna

of the deep ocean floor. The dredge is capable of obtaining large

samples of the top 10 cm of sediment from an area up to 1. 3 m2.

A throat valve, frontal planing surface, and towing bale enable it

to collect unwashed samples cut at a constant depth with a minimum

of cable. The Anchor-Box Dredge has operated successfully in

a variety of bottom environments in depths of 50 m to 2800 M.
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The collection of large samples with a definable area from

the ocean bottom has been the aim of benthic ecologists for some

time. Since the abundance of benthic fauna generally decreases with

depth, a device which collects large samples is necessary for

quantitative results in deep-sea sampling. The sampler must be

of rugged construction to withstand abuses of a variety of topogra-

phies, particularly on steep continental slopes, and it should operate

with a minimum of cable. An opening-closing device is necessary

to guarantee unwashed samples from the deep sea. To meet these

requirements, the Anchor-Box Dredge has been developed at

Oregon State University by modifying the Sanders Deep-Sea Anchor

Dredge (SANDERS and HESSLER, 1965). It consists of a steel-

plate box with cutting edges at the open end and a planing surface

in the front (Figs. 1 and 2). It is simple to operate and easily

emptied when on deck.

The Anchor-Box Dredge samples the upper 10 cm of sediment

from the ocean floor. It has a sampling width of 57 cm and can

collect 1. 3m2 of sediment surface. It samples well on either side

in hard sands and clays, on rocky outcrops, and in soft, fine silts.

To date it has operated effectively to depths of 2800 m. The sampling

efficiency of this type of dredge is, in our experience, superior to

grab samplers in areas of diverse and rugged topography.

The front planing surface, cutting edges, and the basic dredge

frame are derived from the Sanders Deep-Sea Anchor Dredge
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SIDE VIEW
showing details of throat valve and hinge

Figure 1. Anchor-Box Dredge



Figure L. Anchor-Box Dredge



228

(SANDERS and HESSLER, 1965). Ideas for the dredge box and

the hinged back plate were taken from the McIntyre Box Dredge

(MCINTYRE, 1964). We have combined all these features and

added a throat valve and side cutting teeth.

The large plate on the front, together with the towing bale

(We had found previously that a towing bale improved operation

of the Anchor Dredge.) enables the dredge to sample to a constant

depth within the sediment with a minimum of cable (see Fig. 1 and

Table 1). The frontal planing surface of the Anchor-Box Dredge

also prevents "nosing over", an advantage over previous box dredges.

Cutting teeth have been added beyond the sampling blade to ensure

proper operation in hard bottoms.

The dredge is equipped with a safety link to prevent loss should

it get fouled on the bottom. The metal box with tightly fitting hinged

back plate is better suited to the sampling of the rugged topography

of the Continental Slope than the destructable canvas bag and nylon

support net of the Anchor Dredge. A throat valve on the new dredge

prevents sample washing and allows rapid recovery rates. The

back plate is watertight when a gasket is added.

There has been no opportunity to observe this dredge in

operation. However, the Deep-Sea Anchor Dredge has been shown

to cut a rectangular channel through the sediment (SANDERS and

HESSLER, 1965).
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Construction Details

The Anchor-Box Dredge was constructed of steel plate by

Gallaher Welding Company of Corvallis, Oregon. It weighs 341 kg

(750 lbs) and has an overall length of 2. 4

The large planing surface which prevents the dredge from

sampling below 10 cm is made of 13 mm (1/211) steel plate and is

equidistant from the two cutting blades. The box portion of the

dredge is of 13 mm (1/2") steel plate with the cutting blades and

teeth ground from 13 mm (1/211) hi-tempered steel. The outside

dimensions of the box are 114 cm x 58. 5 cm x 20. 5 cm. Its total

volume capacity is 133 L.

The back plate and throat valve are of 5 mm (3/1611) plate

machined to fit accurately. Two fabricated steel hinges and two

16 mm (5/8") stainless steel bolts on swivel pins hold the back plate

in place. The "v" shaped throat valve swivels on a dead axle.

When the dredge is in sampling position, the valve pivots and is

pushed in line with the horizontal planing surface. It falls back

in place when the dredge is pulled off the bottom.

The towing bale is a single piece of 29 mm (1-1/811) diameter

cold-rolled steel forged to shape and gussetted at the peak and

attached just forward of the balance point of the dredge. The arc

of travel is regulated by a length of chain.

m.
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The safety release consists of a weak link of manila line

between the two shackles of the towing bale and the safety cable.

A safety cable is attached to the dredge box just behind the center

of balance and allows the dredge to be pulled from the rear should

fouling occur.

Operation

We are presently using the stern of the 180-ft. Oregon State

University R/V YAQUINA for dredging and have used both 3/8" (1 cm)

and 1/2" (13 mm) wire rope for towing. A Sanders Anchor Dredge

(204 kg) was operated for two years from the well deck of the

80-ft. R/V ACONA with no trouble. Safe handling of these heavy

dredges on deck demands hand lines and adequate deck gear.

Experience has shown that the best procedure for using this

instrument is to stop the ship and lower the dredge vertically until

it is just above the bottom. The ship then assumes towing speed

(I knot) while the scope is being payed out at a rate of 50-75 m/min,

After the tow is made, the dredge is retrieved by reversing the

above procedure, with the exception that the cable should be collec-

ted at 35-50 m/min. Good samples are then obtained without danger

of cable kinking.

Table 1 shows wire ratios which have been adequate in'sampling

our stations. If too little wire is used, the dredge will not dig

properly and will skip along the bottom.



231

Table 1.

Depth (m)
Amt. of
Wire (m)

Scope
Ratio

50 200 4: 1

100 300 3: 1

200 500 2. 5: 1

600 1400 2. 3: 1

800 1600 2: 1

2000 2800 1. 5: 1

2800 3900 1.39:1
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3. Preliminary Studies on Animal-Sediment Interrelationships

Off The Central Oregon Coast

Andrew G. Carey, Jr.
Oregon State University

Abstract

Research on the distribution and abundance of benthic invertebrates off
central Oregon is in progress. The effects of sediment composition on
the fauna are being studied. An east-west line of 26 stations has been
sampled from the coast to a depth of 2800 m and a distance of 165 miles
offshore. Particle size generally decreases with depth and distance
from shore, while organic content of the sediment increases with de-
creasing particle size. The macro- fauna are most abundant at the
edge of the continental shelf and decrease to very low densities 165
miles from shore. Faunal abundance beyond the inner shelf is fairly
well correlated with organic content of the sediment. On the outer shelf
and beyond, the proportion of deposit-feeding, burrowing polychaetes
increases with increasing organic content and decreasing particle size
of the sediment. There are zones of faunal change which seem to be
associated with marked changes in sediment composition. Though the
distribution and abundance of the fauna is probably controlled by a com-
plex of factors, the sediment appears to have significant effect along
certain parts of the area under study.

Introduction

The sedimentary portion of the marine benthic environment plays a major
role in determining the distribution and abundance of benthic invertebrates.
For macro- fauna the sediment comprises a major portion of their
physical environment. In level bottom communities on the inner shelf,
the major animal components are strongly influenced by the texture of
the sediment, and specific communities are known to exist with certain
sediment types (see the 1957 review by Thorson).

In the present study sediment composition along a line of stations off the
central Oregon coast has been analyzed as part of a broad study of the
ecology of bottom invertebrate organisms. Particle size and carbon
content of the sediment have been investigated. These geologic studies
provide data for determining the effects cf sediment on the distribution
and abundance of the fauna.

The author expresses his gratitude to Neil J. Maloney for undertaking a
portion of the textural analyses; to Danil R. Hancock and Mary Anne
Alspach for indispensable laboratory assistance with biological and
geological samples; and to Dr. D. J. Reish and Dr. J. L. Barnard for
identifications of polychaetes and gammarid amphipods, respectively.
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Materials and Methods

The distribution and abundance of the benthos and their relation to various
factors of their environment have been studied since June 1962, at 26
stations off Newport, Oregon. The stations extend across the continental
shelf, down the continental slope, and onto. Cascadia Abyssal Plain to a
depth of about 2800 m and a distance of 165 miles offshore (Table 1).
Routine stations on the shelf are at 25 m depth intervals to 200 m, and
at 200 m intervals down the slope to 2600 m. On the plain, there are
six stations spaced every 20 miles. Most stations have been sampled a
number of times, and many of the data reported are averages.

TABLE 1

BENTHOS STATIONS

Station
s ance

From Shore Position Depth
No. (mi) Latitude Longitude (m)

1 1.7 44° 39. 1'N 124° 05.9W 30
2 4.8 1 124° 09. 8'W 50
4 10.9 44° 44. ON 124° 18. 2'W 100
6 19.5 124° 30. O' W 150
7' 22.2 124° 34. 2'W 175
8 23.6 44° 39. VN 124° 36. 0'W 200
8A 23.8 124° 36-51W 225
9 33.8 124° 50. V W 400

10 36.5 124° 54. O' W 600
11 39.2 124° 57. 6' W 800
11A 46.6 125° 06.8'W 800
12 47.4 125° 09 V W 1000
13 48.0 125 ° 10. O' W 1200
14 48.8 125 ° 11. O' W 1400
15 49.2 125° 11.7'W 1600
16 49.5 125° 12. 11W 1800
17 51.5 125 ° 14.9'W 2000
17A 53.8 125° 19. 5'W 2000
20 55.1 125° 20. 5'W 2600
21 65 125 ° 20. 5' W 2600
22 86.0 126° 03. O'W 2800
23 95.1 126° 16. 3' W 2800
25 147.0 127° 28.2'W 2800
26 165.5 127 ° 54. 3' W 2800

The Oregon continental shelf is characteristically narrower, steeper,
and deeper than the average shelf (Byrne, 1962); it is approximately 22
miles wide off Newport. The northern end of a rocky shoal, Stonewall
Bank, lies 17 miles from shore, and Byrne (1962) has described a

Di t
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truncated seamount near the edge of the shelf. The continental slope west
of Newport is about 32 miles wide and has an average inclination of about
3°. There are two troughs with seaward ridges with maximum depths of
about 1100 and 2200 m (Byrne, 1962; and Maloney, Unpubl. Ph. D. Thesis).
Cascadia Abyssal Plain begins approximately 54 miles offshore and
maintains a depth of 2700-2800 m to 165 miles where a ridge and sea-
mount province begins (Menard, 1964). Cascadia Abyssal Plain is
actually a continental rise, but biologically and environmentally it is a
plain in the abyssal zone as defined by Bruun (1957).

Sediment and faunal samples were collected with a Sanders Deep Sea
Anchor Dredge (Sanders and Hessler, Unpubl. manuscript), which
collects large quantities of sediment from a defined surface area. The
dredge cuts into the sediment to a constant depth of 13 cm and can
sample up to 2 m2 of sediment surface. Faunal data come from 92
quantitative samples, mostly paired and averaging 0. 6 m2 in area.
Sixty-six and eighty-five samples, respectively, wer used for analysis
of carbon content and sediment texture. On board ship moist subsamples
were removed for particle size and carbon analyses. Those taken for
carbon analyses were frozen to minimize biological activity. The re-
mainder of the sediment was washed through a 0. 42 mm aperture sieve
(U. S. Standard No. 40) to collect the macrofaunal invertebrate organisms.
These were picked out, sorted, and counted in the laboratory. Identifi-
cations and detailed studies of the fauna are in progress.

Particle size analyses were made by standard geological techniques
with a graded series of sieves and settling tube for the sand and a soils
hydrometer for the silt and clay (Krumbein and Pettijohn, 1938). Each
sample analyzed contained 90 to 100 g (dry weight) of sediment.

Analyses of total carbon content were made on 0. 4 g of sediment by
complete combustion with a LECO electric induction furnace; the evolved
CO2 was measured with a LECO gas analyzer (Curl, 1963). Carbonate
carbon was measured by adding 10 ml 6N HC1 to 0. 5 g of sediment and
measuring the evolved gas in the gas analyzer. All analyses were run
in duplicate. The induction furnace and gas analyzer were routinely
standardized using reagent grade chitin and CaCO3. Organic carbon
was found as the difference between the total carbon and the carbonate
carbon.

Results

SEDIMENT CHARACTERISTICS

Texture. Particle size of the sediment generally decreases with depth
and distance from shore (Figure 1). However, the rugged topography
causes interference of seaward transport of particulate material;
variability and patchiness are characteristic of the slope. The median
diameter abruptly decreases on the outer shelf and slope.
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Figure 1. Sediment characteristics plotted against distance
with topography and stations noted.

The proportion of terrigenous sands rapidly decreases with depth and
distance, from 100% of the sediment at 100 m depth to 2. 3% at the 800 m
station (11) in the first slope valley. The sand component again increases
on the seaward side of the valley ridge (station 11A) due to formation of
the authigenic mineral, glauconite. The sands are well sorted at the 50
and 100 in stations, indicating the existence of reasonably constant cur-
rent or wave conditions over the sediments. Further offshore the sedi-
ments are much more diverse.
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The percentage of silt and clay gradually increases with distance. At
stations 25 and 26, 145 and 165 miles from shore in depths of 2700 rn,
the clay makes up two-thirds of the total sediment. Silt reaches its
maximum percentage 95 miles from shore at a depth of 2800 m.

There are marked changes in sediment composition between a number of
stations, particularly on the outer shelf and slope where there are pro-
minent topographic features (see Figure 1).

Carbon Content. The total carbon content remains very low in the sandy
inner shelf sediments (Figure 1). It rises with a decrease in particle
size, reaching several maxima at stations 6, 8A, 11, 20 and 23. The
CaCO3 carbon is a minor component at all stations studied; the carbon
present is largely organic. As Trask (1939) has reported, the carbon
content is most closely associated with the finer components of the sedi-
ment, the clays and fine silts. There is an inverse relationship between
the organic carbon content and the median diameter.

MACRO- FAUNA

The major taxa show changes in relative abundance with increasing depth
and distance from shore (Figure 2). At the shallowest station the arth-
ropods account for over 50% of the fauna; filter-feeding gammarid amphi-
pods are the dominant members of this group. On the continental slope
from 22 to 54 miles offshore the fauna, as well as the sediment, show
great variation. The mollusks decrease seaward, and the polychaetes
increase in relative abundance as the sediment becomes finer with depth.
Near the base of the slope, the arthropods reach another maximum due
to an abundance of isopods. Over most of the plain the polychaete worms
are clearly the most important group. Wherever the sediment is soft
and the organic content high, these deposit-feeding organisms are present
in large numbers. Echinoderms, mainly ophiuroids, increase at the
western end of the station line. The miscellaneous fauna, consisting
mainly of the smaller worm groups, become proportionately greater in
the middle of the plain.

There is a characteristic distribution pattern of fauna along the station
series. Polychaetes and gammarid amphipods, for example, show
similar zones where changes occur in species and species groups present
(Figure 3). These are at 25, 175-200, 400, 800, 2000, 2600, 2800 m
for species identified to date. This pattern is evident in all groups
studied so far. Though a number of species have an extremely broad
range in both sediment type and depth, the majority of the fauna are
restricted to a portion of the total range, or even to one station.

The areas of transition are at stations where rather large and abrupt
changes in sediment texture and composition have been noted (Figure 1).
The 25 m station is an exception; the sandy sediment remains uniform
out to 100 M.

Deposit feeders assimilate the organic material in the sediments; thus,
they should be more abundant in areas with a higher organic carbon
content in the sediments. Being efficient deposit feeders and burrowers,
polychaete worms were used in this study as indicators of the relative
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Figure 2. Relative abundance of major taxa of the macro-
fauna plotted against distance from shore.
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Figure 3. Distribution pattern with depth of gammarid amphipods
(A) and polychaete worms (B).

importance of this ecologic group within the faunal assemblages. Soft
sediment is important to the polychaetes for both easy burrowing and
adequate food supply.
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Of the sediment characteristics, organic carbon fits best with the poly-
chaete distribution. The relative importance of polychaetes at the
stations varies with the percent organic carbon in the sediment on the
outer shelf, and over some of the slope and plain (Figure 4).

Figure 4. TOP - Frequency distribution of polychaetes with
organic content o_sediment plotted against distance from
shore. Polychaete frequency is expressed as percentages of
the total numbers of macro- -fauna collected. BOTTOM -
Abundance of macro- fauna (no/m2) plotted against distance
from shore.

The abundance of macro- fauna along the station line is illustrated in
Figure 4. A total of 1943 individuals/m2 was found at 30 m. The food
supply in the water column is probably largely from primary production
and terrestrial export, even though the organic content of the sediment
is extremely low. The fauna increases in abundance near the edge of
the shelf at a depth of 175 m, reaching an average of 1553 individuals/m2.
Here again plankton and detritus in the water column, turbulence, and a
high rate of sedimentation would provide an adequate food supply, though
only moderate amounts of organic material are present in the sediment.

,The greatest abundance of organisms, 2215/m2, is found on the upper
slope at 225 m. The, density decreases down the slope and reaches a
smaller maximum of 565 individuals/m2 at 2000 m. The numbers then
steadily decrease to the last station 165 miles offshore.

Discussion

The sediment types found off central Oregon are typical for the topography
and depths studied (Shepard, 1963); they are primarily of terrigenous
origin. Though there are general trends of decreasing grain size with
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concomitant increasing organic content, the relationships with depth and
distance from shore are non-linear. Trask(1939) and Revelle and Shepard
(1939) have shown that sediment characteristics are related more to bot-
tom configuration than distance from shore. This is particularly true of
the shelf and slope in the present study. Patchiness is apparent on the
slope; a variety of siltatones and some sandstone have been found as well
as softer sediment (Maloney and Byrne, 1964).

The levels of organic carbon and carbonate carbon fall within the averages
found by Trask (1939), Revelle and Shepard (1939), Emery (1960), and
Bushnell (1963) for comparable environment's. On the inner shelf off
Oregon water motion is likely strong enough to prevent the light organic
material from settling to the bottom. The sediments are well-sorted
very fine and fine sands with very low organic content.

The carbon content reaches a maximum in the first slope valley where
the smaller sediment components dominate. Organic material can
reach the bottom by settling out similarly to the fine-grained sediments
or by being adsorbed onto small sediment particles (Emery, 1960). On
the plain organic carbon reaches a maximum 95 miles from shore where
the silt fraction is at its maximum. The organic carbon values decrease
seaward from this point, probably because of a decreased supply of
material from productive waters inshore and from the surface waters.
The length of time taken by particles to settle out.at the abyssal stations
would provide time for bacterial breakdown of much of the organic detri-
tus being produced in surface waters. The smaller amount of organic
material found toward the western end of the line probably reflects the
decreasing supply from shallower areas.

The abundance of macro- fauna on the shelf off Newport, Oregon, does
not appear to be,very much greater than that of the slope. The densities
of abyssal fauna decrease with distance, though those on the eastern half
of Cascadia Abyssal Plain are the highest found for the northeast Pacific
at comparable depths (Table 2).

Many difficulties are encountered comparing results from different benthic
studies. Differences in sampling gear, screen sizes, and processing
techniques can alter results drastically (e. g. Reish, 1959). Therefore,
only trends can be suggested, unless similar techniques are used through-
out.

Keeping these cautions in mind, a comparison of data from the present.
study and others indicate that the Oregon shelf fauna is probably less
abundant than elsewhere (Table 2). Though larger screens were used by
Hartman, Barnard, and Jones (196`0) on the southern California shelf,
larger numbers of organisms were found. As in the present
study larger populations were found on the outer shelf than the inner
shelf. Our techniques were similar to those used by Sanders and
Hessler (Unpubl. manuscript; and Chave et al, 1962); thus, more
direct comparisons can be made. Though the shelf fauna off the North-
east coast is three times as abundant as that off Oregon, the slope
fauna appear in more comparable numbers. The Oregon abyssal macro-

fauna are less abundant than the fauna at similar depths in the north-
western Atlantic north of the Gulf stream. Under the Gulf Stream and in
the Sargasso Sea, however, the densities are closer to those found in the
present study.
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TABLE 2

Numbers of Benthic Macro- fauna

Zone No/m2 Location

Shelf 500-1900 Oregon (present study)
2500-5000 S. California (Barnard, Hartman, and Jones,

1960)
6000 N.E. Coast (Sanders and Hessler, unpubl.

manuscript)
700-5100 Massachusetts (Wigley and McIntyre, 1964)

Slope 200-2200 Oregon (present study)
1500-3000 East Coast (Sanders and Hessler)
100-1000 Bermuda (Sanders and Hessler)
11- 123 Deep California Basins (Hartman and Barnard,

1960)

Abyss 14- 271 Oregon (present study)
43 Velero Basin, California (Hartman and

Barnard, 1960)
5- 85 N.E. Pacific (Filatova and Levenstein,

1961)
400-1000 Atlantic, N. of Gulf Stream (Sanders and

Hessler)
250 Atlantic, Gulf Stream (Sanders and Hessler)

25- 100 Atlantic, Sargasso Sea (Sanders and Hessler)

Further research and comparisons of techniques and environmental
parameters should be made before the differences between Oregon and
other areas can be understood. Comparisons of biomass would be
valuable. It may be that, except for the Bermuda region, the rate and
amount of food supply off Oregon are smaller. In the present study
animal abundance decreases westward to a minimum of 14 individuals/m2
165 miles from shore, presumably because of the decrease in organic
content of.the sediments.

As there are zones in the area under study off Oregon where the faunal
assemblages undergo change, it is likely that a series of benthic
animal associations are present. A complex of environmental factors,
e. g. sediment, temperature, pressure, and food supply, would affect
their distributions. Further research is necessary before the relative
effects of the various environmental factors can be determined. In the
northwest Atlantic Sanders (1963) has also found the benthic fauna to
be layered in depth zones.
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Summary and Conclusions

Sediment size generally decreases with depth and distance from shore,
though topography produces variability, particularly on the continental
slope.

Organic carbon is found in low to moderate amounts, lowest in the inner
shelf sediments and highest on the lower slope. It varies closely with
the finer grain sizes of the sediment.

The relative abundance of deposit-feeding burrowing forms increases
along with the finer components of the sediment and a concomitant
increase in organic content.

There are zones where distributions of all groups studied undergo
changes in species and species groups. These zones are associated
with marked changes in the sediment composition.

The macro- fauna reach the greatest abundance at the shelf edge, Over
much of the outer shelf and slope, the peaks of abundance are associated
with the organic content of the sediments.

It is felt that sediment type is one of a complex of factors that affect the
distribution and abundance of the benthic invertebrate fauna. It appears
to be quite important in certain portions of the area under study..
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4. Radioactivity From the Columbia River

Charles Osterberg, Department of Oceanography

Oregon State University, Corvallis

Abstract

The characteristic which uniquely distinguishes the Columbia River from
other sources of fresh water in the Northeast Pacific is its radioactivity,
induced by the Hanford Washington nuclear reactors. Of the gamma
emitters present in the reactor effluent, zinc-65 has been the most useful
"tag" of river water at sea. Direct measurements of radioactivity in the
water at any distance from the mouth have been unsuccessful. However,
marine organisms are excellent chemists and readily concentrate zinc-65
to easily detectable levels.

The influence of river water at sea inferred by the zinc-65 content of
marine organisms, is widespread. Fishes from California to Alaska
carry a faint but distinct radioactive souvenir of their contact with
Columbia River water. Other organisms, from plankton to whales, share
this tag, which promises to be a useful tool in marine ecological studies.
While the horizontal extent of the rivers' influence is great, vertical
penetration appears to be limited. Radioactivity from this source in
benthic animals seems to vary inversely with depth.

INTRODUCTION

During summer conditions, when the sea is relatively calm and the wind
is from the north, Columbia River runoff is high and can be traced far at
sea by its low salinity plume. This shallow lens of water centers off
Oregon and may extend as far south as California. In addition to low
salinity, nutrient levels in the river water may be sufficiently different
from ambient sea water to give the plume a character of its own. There-
fore, under ideal summer conditions, oceanographers have little difficulty
locating at least the central portion of the plume of the river at sea.

A different picture exists in winter when a change of wind direction forces
the plume inshore, to lose its identity in the rush of fresh water from rain-
swollen coastal streams. This symposium will surely establish seasonal
patterns in the behavior of the Columbia River at sea, and, indeed con-
siderable information exists in the literature, most of it compiled by the
group at the University of Washington (Barnes and Paquette 1957;
Anderson et al. 1961, 1962; Osterberg, Pattullo, and Pearcy, 1964).

One characteristic of Columbia River water sets it apart from other rivers
in the Northeast Pacific, and, as far as I know, from all other rivers of
the world. Columbia River waters carry radioactive tags as a result of
their use in cooling the huge nuclear reactors at Hanford Laboratories,
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Washington. While other rivers may contain some traces of artificial
radioactivity, the usual contaminant is from either fission products or
tritium. This is not the case with the Columbia. These cool, clear
waters are used as a primary coolant in the reactors, but, in the normal
course of events, are effectively shielded from any direct contamination
from the fuel elements. They are, however, subjected to intense neutron
flux, which induces radioactivity in many trace impurities contained in the
Water. Stable zinc-64, for example, can pick up a neutron and become
zinc-65, which is radioactive. While many radionuclides have been iden-
tified in the reactor effluent, only those with longer half-lives survive the
two-week trip to the ocean. It is the resulting reservoir of neutron-
induced radionuclides, particularly zinc-65 and chromium-51, which makes
the Columbia River system unique.

The first Hanford reactors were placed in operation in 1944, and many
careful studies have been made since that date to insure that levels of
radioactivity do not exceed limits of safety. This has been accomplished,
in the estimation of Dr. Kornberg, head of Hanford's biology group, who
wrote concerning the Hanford operation, "it would be salutary if other
industries that use and discharge river water were known to be as safe.
(Kornberg & Swezea, 1964).

When our small radioecology laboratory was established in 1962, we
looked upon the radioactivity in the Columbia River as a "gift horse".
That is to say, we did not concern ourselves with the usual issues--
whether plutonium production was too high or too low, or even whether
the resulting radioactivity was good or bad. Instead, we acknowledged
the fact that this great outdoor radioecological system did exist, and
congratulated ourselves that no charges were made either to the state of
Oregon or to our contract funds for the maintenance of this unique facility.
To us the Columbia River estuary and nearby ocean looked to be the best
place in the world to investigate estuarine and marine radioecology, since
levels of radioactivity were maintained over a period of time, allowing
radioactivity to reach equilibrium values in the water, sediments and
biota.

Biological Studies

In the absence of nuclear testing, zinc-65 from the Columbia River is the
dominant artificial gamma emitter in marine organisms from off Oregon,
being present in representatives from all trophic levels. Euphausiids are
common in our monthly trawls. A test showed that changes in the zinc-65
content of euphausiids (E. pacifica) from nine repeated trawls in a 16 hour
period were small compared with changes in zinc-65 in euphausiids from
different stations. When other tests verified that the Columbia River was
the principal source of zinc-65 in the northeast Pacific, it was decided
to use euphausiids as a monitor of Columbia River water at sea. Results
of this effort are in the literature (Osterberg, Pattullo, and Pearcy, 1964)
and will be mentioned only briefly. The relation of the zinc-65 content of
euphausiids to the position of the Columbia River plume, as measured by
salinity, was fairly good. Somewhat of a surprise, however, was the
failure of the zinc-65 levels in euphausiids to drop to background (defined
as the average amount of zinc-65 in euphausiids from stations far removed
from the river) in the winter when the plume of the river had moved to
the north.
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When the euphausiid data seemed to indicate that some radioactivity from
the Columbia River remained off Oregon in the winter (i. e. zinc-65 levels
in euphausiids did not drop to background), mussels were used to verify
this phenomenon. Mussels (Mytilus californius) live in high salinity water-
on rocks exposed to the open onslaught of the sea, and are excellent
monitors of zinc-65. Figure 1, the spectra of mussels collected from
near the Columbia River and down into California, shows a gradual drop
in zinc-65 in the animals with distance southward.

MARCH, 1964

OI TILLAMOOK HEAD

®YAOUINA HEAD
COOS BAY

®BROOKINGS

©CAPE MENDOCINO

(J)PT. ARENA

Figure I. Gamma ray spectra of mussels collected March,
1964 from points beginning near the Columbia River and extend-
ing south into California. The amount of zinc-65 is related to
the size of peaks in the spectra. All six samples adjusted to
same dry weight and time.

The mussels were collected in March 1964--a time of the year when the
plume of the Columbia River had been absent from Oregon waters for
some five months. Residual zinc-65 in mussels south of the Columbia
River could be explained solely in terms of a long biological half-life,
were it not for the results shown in Figure 2. These spectra indicate
that mussels at Brookings, Oregon, isolated from the Columbia River
plume by upwelling in late summer, respond quite quickly to the loss of
their zinc-65 'supply.
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SEPT. 1963

QTILLAMOOK HEAD

OYAQUINA HEAD

© COOS BAY

@BROOKINGS

(5)BACKGROUND

Figure 2. Spectra of mussels collected September 1963, from
near the Columbia River south to the Oregon-California border.
Note absence of zinc-65 in mussels from Brookings after period
of late summer upwelling, which forces the plume of the Columbia
River away from shore. All four samples adjusted to same dry
weight and time.

The bulk of our analyses have been of animals taken with 6-foot midwater
trawls, but all marine animals, from plankton to whales (Osterberg,
Pearcy, and Curl, 1964; Osterberg, Pearcy, and Kujala, 1964) seem to
show an affinity for zinc-65. Last summer one of my students began a
study on salmon. Viscera from five species were collected, where ob-
tainable, from Eureka, California, to north of the Aleutians in Alaska.
Chinook salmon taken off Eureka, California, contained the most zinc-65
(Figure 3), but some traces were apparent in those found as far north as
Bristol Bay, Alaska. 'Tagging information and the literature (Moore, ed.
1960) tell us that most of the salmon taken off northern California spend
considerable time in Oregon waters. Likewise, fish taken in Bristol Bay
carried Fisheries Research Institute (University of Washington) tags
indicating they had recently come from south of the Aleutians. Chinook
salmon are migrators, and it is impossible to say yet where the salmon
picked up the zinc-65. We think our data--and I have only presented a
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Mn54

CHINOOK SALMON
SUMMER 1964

Figure 3. Spectra of Chinook salmon, collected from Alaska to
California, adjusted to equal dry weight. All mature adults
except sample from lower Vancouver Island (Puget Sound), which
contained immature adults. Note increase in manganese-54
(probably fallout) in northern samples, and how potassium-40
and cesium-137 both increase in samples from off Canada. Each
spectrum is the mean of two to seven samples.
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fraction of it here since it will soon appear in a thesis--will help unscram-
ble migratory patterns. Other gamma emitters that appear in some of the
salmon, although not from the Columbia River, provide interesting food for
thought,too.

Thus, we see that zinc-65 from the Columbia River influences animals
from northern California into, at least, southern Alaska. Another question
concerns how zinc-65 varies with water depth. Pearcy and I (1964)
reported that macrop.lankton and micronekton collected during winter with
closing nets at several depths down to 1000 m contained approximately the
same amount of zinc-65/g, regardless of depth. We feel this shows a
fairly rapid vertical biological transport of zinc-65 across the halocline.
There are seasonal changes, however, and in summer a great increase
in the zinc-65 per gram is seen in surface animals. These seasonal
cycles are damped out below 500 m, where zinc-65 remains fairly low,
but, nevertheless, is present throughout the year.

The zinc-65 content of benthic animals decreases with increasing depth,
and this radionuclide is rarely seen below 1500 m. Our illustration
(Figure 4) shows a somewhat larger than average zinc-65 peak in the deep
sample, and more nearly represents a maximum summer value for a
predaceous animal. The decrease from 200 m to 600 m is quite typical,
however. Zinc-65 is less abundant in bottom-dwelling organisms in the
winter, but our benthic program is too new to say much more than that.
Comparisons are complicated by our inability to find an indicator organism
that is present at all depths. For example, the echinoderms in Figure 4
are from four distinct genera! Any differences in the behavior of zinc-65
with depth, when comparing nektonic with benthic animals, are probably
due to the lack of mobility of the latter. Those collected in greatest
quantities from our 22-foot shrimp-type otter trawl--starfish, sea
cucumbers and sea urchins--are normally confined to the bottom. On the
other hand, most of the nekton are thought to migrate vertically.

Predaceous animals among the benthos appear to have more zinc-65 than
deposit feeders, which show instead greater concentrations of fallout
radionuclides such as zirconium-95-niobium-95. This difference in un-
doutedly related to feeding habits (see Osterberg, Pearcy and Curl, 1964).
During periods of high fallout, sea cucumbers from 2800 m had almost
the same levels of fission products as were present in those from 200 m,
but the reduction in zinc-65 with depth was pronounced (Osterberg, Carey,
and Curl, 1963). Levels of fallout radionuclides are no longer high, but
the spectra of deep-sea cucumbers still show evidence of artificial radio-
nuclides that cannot be attributed to Hanford effluent. It is important to
note that the spectrum of sea cucumbers does not resemble that of the
sediment on which the animals live (Figure 5). A benthic oddity is seen
in the spectrum of a sea anemone from about 2100 m (Figure 6), which
most nearly resembles that of high grade uranium ore! In general,
however, benthic organisms show little affinity for natural radionuclides,
other than omnipresent potassium-40.
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Figure 4. Spectra of echinoderms (starfish) showing decrease
in zinc-65 with depth. Samples include, (1) Orthasterias
koehieri, (2) Myxoderma sacculatum, (3) Heterozonias
alternatus, and (4) Hymenaster sp. (5) Background, made
same date as spectrum (4). Samples (1), (2), (3) collected
summer 1963, and (4) collected summer 1964. Levels of
zinc-65 are lower in winter. The detector used to make
spectra (4) and (5) contains more potassium-40 than the
detector used for (1), (2), and (3).
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Figure 5. Spectra comparing the radioactivity of sea cucumbers
with that of the sediment on which they live. No obvious similar-
ities are apparent in the two spectra.

URANIUM ORE

Figure 6. Comparison of the spectra of a sea anemone and high
grade uranium ore. No certain explanation can be given for the
close resemblance.
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Thus our biological monitors patrolling the ocean floor tell us that normally
Columbia River radionuclides do not reach great depths, for if they did,
the benthos would carry the same zinc-65 souvenir that is found in all
surface dwelling animals in this part of the ocean. These benthic animals
must be considered our "on the spot" observers, ready and able to report
on radiological conditions on the bottom of the sea.

Unlike zinc-65, chromium-51 is rarely found in oceanic animals. Although
it is the most abundant radionuclide from Hanford in the sea, apparently
marine animals have little affinity for chromium.

Chemical Studies

We have found much to admire in the chemical capabilities of marine
organisms in concentrating zinc-65, but only recently have we had any
success ourselves. Curl, Cutshall and I reported early this year on
some primitive chemistry which enabled us to measure chromium-51
some 25 miles or so from the mouth of the river (1965), and similar
results for zinc-65 were given by Osterberg et al. (1964). However, we
were not thinking big enough, and it wasn't until a graduate student
arrived from Texas, naturally, that we were properly inspired. The
apparatus Cronin and I dreamed up enables us to carry out routine ship-
board chemistry of either 150 or 300 gallon samples in fairly typical
Northeast Pacific weather. For example, we made 26 analyses on a
recent cruise of the R/V YAQUINA. Furthermore, we can sample above
or below the thermocline with comparative ease. With this gear we are
not quite as efficient as marine organisms when it comes to concentrating
zinc-65, but we actually feel we can "look down our noses" at them in our
ability to concentrate chromium-51 from sea water. These studies are
a part of Cronin's thesis research, in progress, and I can only give you
a "sneak preview". The spectrum of a ferric chloride precipitate of
150 gallons of membrane filtered (O.45µ) sea water collected off Newport,
Oregon (Figure 7) shows that Homo sapiens (var. Texanus) can now
concentrate zinc-65 to measurable levels, although we are not quite in
a class with some marine organisms. Please notice that we agree with
the euphausiids and mussels, i. e. , residual zinc-65 remains in the
ocean off Oregon in the winter (February 22, 1965).

Chromium-51 did not appear in this precipitate, but was removed by the
filter, where it was easily detected by gamma ray spectrometry.
Manganese-54; which we also saw in the spectra of Chinook salmon,
especially those from off Canada, does not originate in the Columbia
River. We see higher levels of manganese-54 in tuna livers from fish
that have only recently arrived off southern Oregon from more southern
waters.

Our chemical studies also include stable trace element analyses of both
sea water and marine organisms. These data, from the Perkin-Elmer
Model 303 Atomic Absorption Spectrometer, are combined with those
from our ND-,130 gamma ray spectrometers to give specific activities.
Incidently, now that we can measure zinc-65 in sea water we can finally
provide concentration factors of this radionuclide in oceanic animals.
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Figure 7. Spectrum of concentrated coprecipitate from 150
gallons of membrane filtered sea water, collected off Oregon,
22 February 1965. Zinc-65 peak indicates presence of
Columbia River water. Background subtracted.

In Situ Gamma Ray Probe

Another student and I have designed a probe to measure radioactivity in
marine sediments. So far we have used it on sediments under water up
to 150 feet deep, and this summer we plan to go to 1000 feet. In fact,
laboratory tests show no difficulty in driving the signal from the detector
through 3000 feet of cable, so the depth can be extended if pressure tests
are satisfactory. Perhaps this work should not even be mentioned here
since we haven't seen much evidence of radioactivity from the Columbia
River in marine sediments, except in those found near the mouth of the
river. Figure 8 shows the difference in radioactivity in sediment off
Astoria and off Newport. The probe is being built in an attempt to
compare the radioactivity of sediments with that of benthic animals col-
lected from these surroundings. A description of this device is in press
(Science), and there is no point repeating this information.

A similar probe, specially designed to measure chromium-51 in sea water
is currently undergoing tests. Our failure to see much chromium-51 in
either sediments or organisms suggests that it remains in the water, and
should provide the best tracer (i. e. , the most conservative) of Columbia
River water at sea.
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Figure 8. Spectra of sediments, made with an in situ gamma
ray probe under up to 30 m of water. Top spectrum, made off
the mouth of the Columbia River on 11 October 1964, shows
chromium-51, zinc-65, and cobalt-60 from Hanford reactors.
Bottom, made off Newport, Oregon, on 18 November 1964,
reveals principally naturally radioactive materials. *40
minute count X 0. 25.

SUMMARY

Radioactivity from the Columbia River is an excellent tag for following
river water at sea. The unique radiotracers contained in the river pro-
vide a great potential in ecological studies. Zinc-65 levels are highest
in animals from surface trawls in the summer. Changes in zinc-65
content of nekton with season are much reduced below 1500 m. Radio-
activity from zinc-65 decreases in benthic animals with depth of the
water, but artificial radionuclides are present in some deep bottom
dwellers. Little zinc-65 is seen in marine sediment samples, except in
those found near the mouth of the Columbia River. Zinc-65 content may
be helpful in tracing the migratory pathways of salmon, tuna, and whales.
Certainly there is no better 'place than the ocean off Oregon to study the
behavior of zinc and chromium in the marine environment.

Financial support from AEC contract AT(45-1)1750 and USPHS grant
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