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A new species of gamma rid amphipod (Anonyx sp.) was captured

in 80 meters of water off the Oregon coast. These abundant scaven-

gers are probably an important food for bottom feeding fish. Labor-

atory studies were conducted to determine the effects of temperature,

feeding and sediments on the zinc-65 metabolism of Anonv sp. In

addition to 6Zn, cerium-144, scandium-46, and chromium-Si were

used in the feeding experiments.

Zinc-65 accumulation and elimination rates were temperature

dependent although the effect appeared minimal within the seasonal

temperature range of the organism. Individual differences in 65Zn

accumulation rates for similar sized amphipods had mean standard

deviations ranging from 14-19%. Accumulation of 6Zn from labeled

sediments was not significant whereas elimination rates were in-

creased when sediment was present.
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Adult brine shrimp (Artemia sauna), labeled simultaneously
65 144 46 51 .with Zn, Ce, Sc, and Cr were fed to individual amphipods.

Radionuclide transfer from Artemia to Anonyx averaged 55% for 65Zn

144 46 51and less than 10% for Ce and Sc. Transfer of Cr was not

measurable using this technique. Zinc-65 elimination rates in feed-

ing amphipods were significantly greater than in non-feeding ones.

The percentage of 6Zn lost at molt was dependent upon the

mode of accumulation. When uptake was from sea water, approxi-

mately 20% of the 6Zn body burden remained with the case exoskele-

ton while only 2. 0% was lost if 6Zn accumulation had been from

feeding.

Autoradiographs of amphipods that accumulated 65Zn from sea

water showed radiozinc localization in the exoskeleton and interstitial

spaces of muscle tissue. Labeling also occurred in the gut and hepa-

topancreas.

The potential role of Anonyx sp. in the cycling of radioactivity

in the marine environment is discussed.
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BEHAVIOR OF CERTAIN RADIONUCLIDES IN A
MARINE BENTHIC AMPHIPOD

I. INTRODUCTION

The distribution of radioactive wastes in the sea partly depends

upon the biota. Motile forms may accumulate radioacti.vity in a speci-

fic locality and disperse it by means of horizontalor vertical migra-

tions. Less motile or stationary forms, however, may tend to con-

centrate and retain radioactivity within a given locality. This last

process could be significant in situations where radioactivity is intro-

duced into the sea via river systems. Large benthic populations lo-

cated near the river mouth would be exposed to radiocontamination be-

fore the physical processes of dilution and dispersion could become

fully operative. Radioactivity associated with organic detritus prob-

ably would be consumed and recycled back into the food web at a rate

faster than bacterial decomposition. Certain benthic populations may

also be capable of actively removing radioactivity from the inorganic

fraction of the sediment, thus reducing the biological safety factor

often attributed to sedimentary processes involving radioactive wastes

(Waldichuk, 1961). Local populations of commercially important bot-

tom feeding fishes utilizing these benthic organisms as a source of

energy might require radiological monitoring.

Gammarid amphipods are important members of shallow water
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benthic communities along the Oregon coast. Carey (1965) stated that

these organisms comprise over 50% of the fauna in this region. One

important family in this amphipod community (Lysianassidae) actively

seeks out and consumes detrital accumulations and dead or dying or-

ganisms (Enequist, 1949). A characteristic genus of this family is

Anonyx which occurs along northern coast lines at relatively shallow

depths (Sars, 1895). Some members of this genus are efficient skele-

tal cleaners and will even attack and eat live animals whose move-

ments are restricted. Hart (1942) reported that Anonyx ngax con-

sumed herring and cod held in live boxes and Scarratt (1965) stated

that Anonyx sp. overnight damaged 50 lb of lobster held in the same

manner *

In this study, a new species of Anonyx proved to be excellent

for laboratory experiments because individuals could be maintained

for several months, were of good size (average 21-23 mm in length

and over 200 mg in wet weight), and could be obtained in large

numbers.

The purpose of this study is threefold:

1. To call attention to the potential role of these organisms in

the cycling of radionuclides in northern coastal waters.

2. To examine zinc-65 metabolism in the laboratory as

species is currently being described by Dr. 3. Laurens
Barnhard of the U.S. National Museum using specimens from our
collections.
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influenced by temperature, food, and sediment. Scandium-

46, cerium-144, and chromium-51 were also used in the

feeding experiments.

3. To describe the distribution of radiozinc in tissues of

Anonyxsp. using autoradiography.



II. FIELD COLLECTION PROCEDURES

Test animals were collected by means of baited traps at a depth

of 80-120 meters off the central Oregon coast. Two collection sites

were used: one off Newport (Lat. 440
39 N., Long. 124° Zl'W), and

the other off Depoe Bay (Lat. 440 50' N., Long. 124° 05' W). Be-

cause of the relatively narrow continental shelf in Oregon coastal

waters, the desired sampling depths did not lie too far offshore. (The

80 meter contour is approximately nine miles off Newport and four

and one-half miles off Depoe Bay.) With two exceptions, small boats

were utilized for field collections. In all, 12 collection trips were

made, eight on the 33 foot sportfishing craft, JIMCO, two on the

YAQUINA, the 180 foot research vessel of the Department of Ocean-

ography at Oregon State University and two on the PAIUTE, a 30 foot

research vessel also belonging to the Department of Oceanography.

Collection trips were made during the summer months of 1965 and

1966 with one trip in late October, 1965.

The traps were one gallon paint cans with lids modified so that

amphipods could enter but not escape. They were baited with dead

herring, placed on the bottom, attached by polypropylene line to a

surface buoy, and left for several hours. Each trap was tied to a ten

lb. window sash weight and ten ft. of 1/4 inch chain was attached from

the anchor to the line running to the surface. The surface buoy
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consisted of a 15 ft. bamboo pole with a conventional automobile inner

tube tied directly to the pole for buoyancy. A blinking light was at-

tached near the top of the buoy; thus we were able to circle within 1/2

mile of the buoy without losing visual contact. Anonyx sp. apparently

burrows into the sediment during the day and emerges to feed at night

as all successful collections in this study were made during the night.

The captured amphipods were placed in glass jars in a refrigerated

caseand transported either to the Battelle Northwest Laboratories in

Richiand, Washington or to the Department of Oceanography at Ore-

gon State University for experimental work.



III. EFFECT OF TEMPERATURE ON ACCUMULATION OF
6Zn FROM SEA WATER BY ANONYX SP.

Environmental temperature is important in determining the

amount and rate at which radionuclides are accumulated by aquatic

organisms. Temperature may directly affect radionuclide accumula-

tion from water. Indirectly, it may influence the rate of food con-

sumption or food availability, thus controlling the accumulation of

radionuclides through the food chain. The present experiment was

undertaken in an effort to define the effect of temperature on

accumulation directly from sea water for Anonyx sp.

Methods

All experimental amphipods were maintained in plastic pans

placed in troughs eight feet long containing chilled water. Stock popu-

lations were allowed to burrow in autoclaved beach sand to provide an

environment somewhat similar to that in nature. Thermal regulation

was maintained with three portable refrigeration units. After being

chilled in the refrigeration unit, the coolant was pumped via a rubber

hose to the trough. This hose was connected to a plastic pipe one

inch in diameter cut to approximately the same length as the trough.

Openings inch) were drilled at eight inch intervals along the pipe

which was closed off at the end opposite the hose connection. A sini-

ilar pipe was placed on the other side of the trough except that the
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openings were staggered so as not to be directly opposite the open-

ings in the first pipe. This second pipe was connected by a rubber

hose to the suction valve of the pump. Thus a closed circulation sys-

tern with uniform temperatures throughout the trough was attained.

Temperatures in the three separate systems were maintained at 3. 0,

7.0 and 12.0 + 0.5°C.

The following procedures were followed for all three tempera-

ture experiments:

Amphipods were acclimated for several days at the tempera-

ture at which the experiment was to be conducted. Two plastic con-

tainers, each with seven liters of filtered (0.45 t) sea water, were

placed side by side in the coolant water in the proper trough and iden-

tical numbers of amphipods were then added to each container. Then

175 microcuries of 6Zn (specific activity 1.8 Ci/g) in dilute HC1

were pipetted into each container, giving a concentration of 25 Ci

(microcuries) of 6Zn per liter. A five ml aliquot was taken immed-

iately to confirm the 6Zn concentration.

At pre-determined sampling times, three amphipods were re-

moved from each container, blotted on absorbent paper, placed in

pre-weighed five ml disposable beakers and weighed individually.

.A five ml aliquot of the sea water was also taken from each container

at each sampling time. The amphipods were measured (length),

placed in individual vials, and measured for 6Zn activity with an



auto-gamma spectrometer coupled to a 3 x 3" well crystal. The

spectrometer was adjusted to count the 1.11 MeV photon of zinc-65.

The raw data were reduced by computer processes to 1j65fl/g wet

weight of each amphipod. Also mean values and standard deviations

were calculated for the six amphipods removed at each sampling per-

iod. Appropriate corrections for geometry and physical decay were

included in the computer program.

Results and Discussion

The effect of temperature on 6Zn accumulation from sea

water for Anonyxsp. is shown in Figure 1. The most striking obser-

vation is the similarity between the curves at 70 and 12°C. These

two temperatures approximate the limits of the seasonal temperature

range for this organism. Zinc-65 accurnulationat 3°C was much

slower and the shape of the curve entirely different. Whereas the

curves at the two higher temperatures resemble normal curvilinear

uptake curves, the 3°C curve appears to be almost linear with time.

An analysis of the weights and lengths of the amphipods used in

this experiment revealed that, although the mean weights and lengths

were not significantly different from one another within any tempera-

ture group (P > 0. 05), the grand means of the weights and lengths of

the amphipods in the 7°C experiment were significantly less (P < 0.05)

than those of the 3°C and 12°C group (Tables 1 and 2). The reason
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Tab1e 1. Observed weight data for amphipods used in 6Zn
accumulation experiments. The values represent
the mean weights (g) and standard error of the
mean of six amphipods and are not significantly
different from one another (P > 0. 05) in any tem-
perature column. However the grand mean of
column 2 (7 C) is significantly less (P < 0.01)
than the grand mean values observed for either 3
or 120C.

12°C

.2083k 0.022 .1950k 0.011 .2246k 0.023

:2o78 0017 1960± o:oai 2527 0029

.2289k 0.023 .1650± 0.011 .2696k 0.024

.2455k 0.022 .1654± 0.021 .2350k 0.026

.2417± 0.020 .1741 ± 0.021 .2325± 0.016

.2017± 0.016 .1594± 0.013 .2559k 0.022

.2016± 0.025 .1482k 0.012 .2457± 0.029

.l979 0.020 .1957± 0.026 .2350± 0.048

.2554± 0.023 .1507± 0.015 .2947* 0.031

.2353± 0.019 .1675± 0.002 .2544± 0.026

.2070± 0.021 .1765± 0.024 .2324± 0.014

.2248± 0.020 .1534± 0014A .zl6O 0.016

1470± 0.009

Grand Mean

0.2214 0.1675 0.2450

Mean and standard error of 12 individuals
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Table 2. Observed length data for amphipods used in 6Zn
accumulation experiments.. The values repre-
sent the mean lengths (mm.) and standard error
of the mean of six amphipods and are not signifi-
cantly different from one another (P >0.05) in
any temperature column. However the grand
mean of column 2 (7°C) is significantly less
(P< 0.05) than the grand mean values observed
for either 3 or 12°C.

12°C

21.57± 0.69 20.45 ± 0.35 22.25 ± 0.58

21.32± 0.61 20.57± 0.63 22.85± 0.90

21.97± 0.89 20.15± 0.42 23.55± 0.70

23.05 ± 0.81 19.80 ± 0.68 22.03 ± 0.69

22.45 ± 0.75 20.38 ± 0.62 21.85 ± 0.57

21.08 ± 0.52 20.00 ± 0.44 22.92 ± 0.73

20.77±0.88 19.08±0.66 22.53±0.85
21.03 ± 0.62 21.10 ± 0.91 22.00 ± 1.26

22.50±0.58 19.85±0.63 23.10±0.66
22.23± 0.69 20.40± 0.20 22.47± 0.91

21.45± 0.79 20.15± 22.03± 0.36

22.10 ± 0.83 19.45 ± 0.73 21.41 ± 0.45

Grand Mean

21.79 20.06 22.39.

AMean and standard error of 1 2 individuals
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for this difference is that many amphipods were lost due to mechani-

cal failure of the refrigeration system, leaving only enough organisms

for one experiment at 7°C. A second collection, approximately one

monthafter the first one, was necessary to obtain amphipods for the

3°C and 12°C experiments and contained significantly larger organ-

isms.

The mean uptake values in microcuries 65Zn/gwe.t weight for

each group of amphipods sampled are shown in Table 3 along with

standard error of the mean and percent standard deviation calcula-

tions. The mean percent standard deviation was 14.1, 18. 7 and 14.4%

for the 3, 7 and 12°C experiments. This variability represents mdi-

vidual differences in the ability of similar-sized organisms to con-

centrate The amphipods maintained at 7°C were not only sig-

nificantly smaller but exhibited a higher variation in 6Zn accumula-

tion than the organisms kept at 3 and 12°C.

These sources of variation must be considered when comparing

the 7°C and 12°C curves. Although no inverse correlation between

the amount of 6Zn/gram and body weight was apparent (due to the

similar size of the amphipods), adsorption from the water probably

would be involved in accumulation by these organisms (Fowler,

1966; Kormondy, 1965; Watson, Davis & Hanson, 1963). Since the

amphipods used in the 7°C experiment were smaller than those in the

other experiments they had a higher surface area to volume ratio and
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Table 3. Mea1i and percentage standard deviation values
for 5Zn accumulation.from water by Anonyx sp.
at3, 7andlZ°C.

Hrs n1 MeanpCi65ZnJg
3°C A 6 0.075 15.0

8 6 0.096 15.0
12 6 0.123 9.2
24 6 0.169 25.2
31 6 0.184 11.4
48 6. 0.224 7.7
56 6 0.251 12.5
72 6 0.309 20.7
96 6 0.324 8.1

120 6 0.373 12.2
144 6 0.488 19.2
168 6 0.530 12.4

Mean= 14.1
7°C 4 6 0.112 18.7

8 6 0.183 12.7
12 6 0.296 17.1
24 6 0.526 32.5
36 6 0.732 31.0
48 6 0.851 13.5
54 6 0.934 17.9
60 6 0.865 17.2
72 6 1.169 16.7
78 6 1.166 12.3
84 6 1.000 14.4
96 12 1.243 15.1
99 6 1.241 24.4

Mean 18.7
12°C 4 6 0.247 13.7

8 6 0.316 9.3
12 6 0.445 9.9
24 6 0.620 12.7
31 6 0.802 14.5
48 6 1.029 10.5
55 6 1.228 24.7
72 6 1.510 23.5
96 6 1.662 10.0

108 6 1.477 14.2
120 6 1.848 15.6
144 6 1.941 14.7

Mean = 14.4

'Number of individuals
2 Percentage standard deviation
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might be expected to accumulate more 6Zn/g than the larger organ-

isms. On the basis of these observations, it is concluded that, al-

though the 7°C and 12°C uptake curves are very similar, the ability

of smaller organisms to concentrate more 6Zn/g and their higher in-

dividual variation may have caused the two curves to appear more

similar than they really are.

The concentrations of 6Zn in the sea water during these exper-

iments are listed in Table 4. Since each concentration value repre-

sents the mean of the two containers, the small standard deviation
65shows that little difference in Zn activity occurred between the two

containers used for each temperature group. The similarity in 6Zn

activity between the three temperature groups demonstrates that the

uptake curves were generated under essentially the same concentra-

tions. One relatively high standard deviation (13.1%) occurred at the

start of the 12°C experiment. This was probably due to pipetting er-

ror as one value (25. 76 i.Ci/l) was within the range of the subsequent

concentrations while the other value was considerably lower (21.41

&Ci/1).

Concentration factors were calculated for evaluation of the ef-

fect of temperature on 6Zn accumulation. The term concentration

factor (CF) is defined as the ratio of the concentration of any chemical

element in an organism to its corresponding concentration in the

water or food material. In the present experiment this ratio is
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expressed in units of 1iCi 6Zn/g wet (live) weight of amphipod per

1jCi 6Zn/ml sea water. Although some criticism might be raised

for using wet weights in these calculations due to differences in water

content per animal, Polikarpov (1966) states that

concentration factors calculated in relation to wet weight
reflect the actual role of living aquatic organisms in con-
centrating chemical elements from aqueous solution.
Moreover, calculation of internal radiation doses from
incorporated radionuclides is possible only from their
concentration factors in relation to live weight. It should
be noted that concentration factors are almost invariably
expressed in relation to wet weight in publications on the
accumulation of radionuclides (elements) by marine or-
ganisms.

Table 4. Zinc-65 concentrations in sea water during uptake experi-
ments.

Hrs pCi6SZn/l S.D.1
3°C 0 24.73 0.09 0.36

24 24.48 0.38 1.55
48 24.39 0.13 0.53
72 24.50 0.20 0.82
96 24.43 0.06 0.24

120 24.48 0.36 1.47
144 24.41 0.16 0.66
168 24.23 0.56 2.31

7°C 0 26.71 1.19 4.50
24 27.17 0.02 0.07
48 24.55 0.01 0.04
72 24.40 0.01 0.04
96 24.07 0.14 0.58

12°C 0 23.58 3.08 13.10
24 25.53 0.09 0.35
48 25.24 0.03 0.12
72 25.07 0.06 0.24
96 23.34 0.09 0.39

120 23.22 0.08 0.34
144 23.26 0.07 0.30

1 Standard deviation
2Percentage standard deviation
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The ability of Anonyx to concentrate 6Zn over that present in

the water is illustrated in Figure 1. Just four hours after the experi-

ment was begun, the concentration of 6Zn in Anonyx sp. at each

temperature was already several times greater than that in the sea

water. Calculated CF values for each sampling interval are listed in

65
Table 5. Fowler (1966), using similar Zn concentrations, listed

concentration factors ranging from approximately 500 at 5°C to 1200

at 15°C in euphausiids (Euphausia pacifica) after only 44 hours.

These are much higher values than reported in this thesis and can be

attributed to several factors. The euphausiid data are reported in

dry weight while the amphipod concentration factors are based on wet

weight values. Also the euphausiids were much smaller and there-

fore had a higher surface area to volume ratio than the amphipods and

would be expected to accumulate more 65Zn per unit body weight.

Another point which makes comparison difficult is that the two types

of organisms may exhibit distinctly different stable zinc contents and

comparison would have to be made on the basis of specific activities

65instead of Zn body burdens alone. Hiyama and Shimizu (1964), ex-

amining 6Zn uptake in the shrimp, Leander sp., report concentra-

tion factors (based on wet weight) after 15 days of 500, 40 and 150 for

viscera, muscles and exoskeleton respectively. Zinc -65 conce!ntra-

tions in the sea water were approximately 2-5 iCi/1.
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Table 5. Zinc-65 concentration factors (CF) for
Anonyx sp. for the three temperatures
tested.

3°C 7°C 12°C
Hrs CF Hrs CF Hrs CF

4 3.0 4 4.5 4 9.9
8 3,9 8 7.3 8 12.6

12 4.9 12 11,9 12 17.8
24 6. 7 24 21 . 0 24 24. 8
31 7.3 36 29.3 31 32.1
48 9.0 48 34.0 48 41.2
56 104 54 37.4 55 49.1
72 12.4 60 34.6 72 60.4
96 12.9 72 46.8 96 66.5

120 14.9 78 46.6 108 59.1
144 19.5 84 40.0 120 73.9
168 21.2 96 49.7 144 77.6
- 99 49.7 -

Using a time interval common to all three temperature groups

(96 hours), one can compare the effect of temperature on theconcen-

tration factor.. Comparing 3°C to 7°C, the ratio of the CF values is

3.85, that is, increasing the temperature four centigrade degrees

increased the 65Zn concentrations in Anonyx sp. by approximately a

factor of four. However, a five degree increase from 7°C to 12°C

only increased the 6Zn body burdens by a factor of 1.34. It must be

remembered that the 7°C amphipods were somewhat smaller than the

12°C amphipods (Table 1) and that a greater surface area to volume

ratio might result in higher 6Zn activity per unit weight in the small-

er amphipods. It is not known how much this mean weight difference

of 0. 0775 mg (32%) would affect the 65Zn concentration in the 7°C



amphipods. However it is felt that this difference would probably not

increase the ratio of CF values at 7°C and 12°C from 1.34 to a value

much more than 2. 0. If this assumption is valid, then it is evident

that the effect of temperature on 6Zn accumulation by Anonyx sp.

was not uniform from 3°C to 1 2°C as the difference in concentration

factors between 3°C and 7°C was approximately twice as great as the

difference in CF values between 7°C and 12°C. Within the seasonal

temperature range of Anonyxsp (7°C - 12°C) one would therefore

not expect sharp seasonal changes in the 6Zn body burdens in these

animals as a result of direct temperature effects.

Other laboratory results in which Zn accumulation has been

linked directly to temperature have been reported by Fowler (1966)

in the euphausiid, Eiphausia pacifica, and by Gutknecht (1961b) in the

attached marine algae, Ulva lactuca. Saltman (1960) demonstrated a

temperature dependency in 6Zn accumulation for fish liver slices in

vitro. This effect was evident for both the initial uptake rate and to-

tal zinc accumulation. Kormondy (1965), however, presents data on

temperature effects contrary to these findings. He examined uptake

and loss of 6Zn in the freshwater dragonfly, Plathemis lydia, as

affected by nuclide concentration, temperature and body size. Work-

ing at temperatures of 100, 20° and 30°C, he reported uptake to be in-

dependent of temperature with equilibrium being attained within 48

hours. Most marine animals, when accumulating 6Zn from sea
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water, do not reach equilibrium so quickly. Anonyx sp. did not reach

equilibrium after a period of 99-168 hours (Figure 1). This agrees

with similar 6Zn experiments reported for euphausiids (Fowler,

1966), echinoderms and shrimp (Hiyama and Shimizu, 1964), blue

crab (Rice, 1963), post larval flounders (Hoss, 1964), hard clams

(Price, 1965), and oysters (Chipman, Rice and Price, 1958).

Although temperature influences the rate of initial 6Zn accum-

ulation in Anonyx sp. and other marine organisms, it is not known

whether temperature will limit the total 6Zn accumulation; in other

words, does temperature only control the rate atwhich a plateau is

reached, or does it also control the level of this plateau? A detailed

statistical analysis of uptake data for Anonyx was undertaken, but the

question could not be answered with statistical certainty because of

the short duration of the experiment and the significant difference in

weight of the amphipods in the 7°C group. Saltman (1958), however,

did report that the total zinc ion accumulation by fish liver slices was

directly related to temperature. On the other hand, Kormondy (1965)

noted that the mount of 6Zn accumulated in dragonfly larvae was

independent of temperature. This phenomenon should be examined in

greater detail for elements whose main pathway to biota involves di-

rect accumulation from water.
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IV. ACCUMULATION OF 6Zn FROM SEDIMENTS
BY ANONYX SP.

The burrowing action of Anonyx sp. into sediment may serve

as a protection from predators during the daylight hours. However,

the organism may be ingesting bacteria or organic matter while bur-

led within the sediments and also may be able to accumulate zinc

complexed to the inorganic fraction of the sediment. Therefore, an

experiment was performed to determine how the three major compon-

ents of the sediment, bacteria, organic detritus and the inorganic
65fraction, contributed to the Zn labeling of the amphipods.

Sediment, consisting of primarily terrigenous sand (Carey,

1965), was collected with a Smith-McIntyre grab (Smith and McIntyre,

1954) from a depth of 160 meters off Depoe Bay, Oregon. The sam-

ple was frozen immediately upon collection and transported by air to

the Battelle Northwest Laboratories in Richiand, Washington, where

the experiment was carried out.

Methods

The experiment was conducted in essentially three parts. Ac-

cumulation of 6Zn by Anonyx from untreated, sterilized and oxidized

sediments was examined. Sterilization was accomplished by auto-

claving the sediment sample for 90 minutes at 120°C, while oxidation

was carried out by the addition of hydrogen peroxide. It was assumed
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that autoclaving removed the bacterial population from the sediment

and 'that the oxidation procedure destroyed both the bacteria and or-

ganic fraction.

The sediment from each of the three treatment groups was la-

beled with 6Zn in the following manner: Four-hundred microcuries

of 65Zn (specific activity 1. 8 p.Ci/i.g) were added to approximately

1200 g of sediment with enough distilled water, which contained 100

ppb of stable zinc carrier, to make a viscous slurry. This slurry

was stirred every 30 minutes for two hours. The liquid was then de-

canted and two liters of filtered seawater were mixed thoroughly with

the labeled sediment and allowed to stand overnight. The purpose of

this procedure was to remove any loosely bound 65Zn. The sea water

was decanted the next morning and the sediment was then divided

equally between two plastic containers. Each container received two

liters of filtered seawater, added carefully so as not to disturb the

sediment. Thirty-six amphipods were added to each of the two con-

tainers; thus, a total of 72 amphipods was used with each of the three

treatment groups. A temperature of 7.0 ± 0.5°C was maintained

throughout the experiment.

At predetermined sampling times, three amphipods were re-

moved from each container (or six from each treatment group), blot-

ted on absorbent paper, placed in a preweighed. five ml disposable

beaker and weighed individually. A five ml aliquot of the seawater
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was also taken from each container at 24 hour intervals throughout

the experiment. The amphipods were measured (length), placed in

individual vials and measured for 6Zn activity. The raw data were

reduced in the same manner as described in the previous experiment.

Results and Discussion

The sorption of 65Zn onto the sediment material greatly reduced

the accumulation of radiozinc by Anonyç sp. This fact became quite

evident when the body burdens resulting from the accumulation of

6Zn from sea water (T.able3) were compared with 65Zn accumula-

tion from the three sediment groups (ITable 6). 'or example, after

96 hours the mean value for six amphipods accumulating from

water at 7°C was 1. 363 ± 0.471 Ci/g, while the mean value after 93

hours for six amphipods accumulating 65Zn in the presence of un-

treated sediment was only 0.059 0.008 iCi/g. Yet accumulation

from water occurred at 6Zn concentrations which were approximate-

ly an order of magnitude less (0. 025 pCi/ml) than in the sediment

treatment groups (Table 6).

Comparison of data among the three treatment groups yields

little information. Table 7 shows 6Zn accumulation in Arionyx sp.

for each sediment group. If the low 6Zn body burdens are related to

the 65Zn concentrations in the overlying water rather than to the 65Zn

concentrations in the sediment then the concentration factors obtained
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Table 6 Mean and standard deviation values for 6n
accumulation for Anonyx sp. from untreated,
sterilized and oxidized sediments at 7°C.
Each 65Zn value represents the mean of six
amphipods.

Hrs MeanjCi. Zn/g S.D.

Untreated Sediments
4 0.011 0.002
8 0.014 0.004

21 0.018 0.002
27 0.026 0.005
45 0.038 0.009
51 0.036 0.006
69 0.053 0.007
75 0.046 0.008
93 0.059 0.008

117 0.070 0.009
141.; 0.075 0.007
165 0.079 0.012

Sterilized Sediments
4 0.004 0.001
8 0.006 0.002

21 0.013 0.002
27 0.013 0.004
45 0.020 0.002
51 0.021 0.007
69 0.032 0.006
75 0.025 0.006
93 0.042 0.006

117 0.044 0.007
141 0.060 0.008
165 0.055 0.011

Oxidized Sediments
4 0.007 0.001
8 0.011 0.005

21 0.024 0.013
27 0.041 0.007
45 0.034 0.006
69 0.055 0.007
93 0.064 0.016

117 0.076 0.016
141 0.086 0.012



24

in each sediment group should be very similar to the concentration

factors obtained in 5Zn accumulation from water in the absence of

sediment. However, if the sediments were also making a contribu-

tion to the 6Zn body burdens in the amphipods, one might expect the

resulting concentration factors to be greater than those obtained from

sea water alone. The comparison is made in Table 8 for the same

temperature and at a similar time interval. These results show that

the CF values based on the 6Zn water concentrations of the sediment

groups are very similar to the CF values resulting from 6Zn accu-

mulation from water alone. If, in reality, the sediments did contri-

65bute to the Zn body burdens of the amphipods, it does not appear to

be detectable within the scope of the experiment. Thus, it is tenta-

tively concluded that the incorporation of 65Zn into the amphipods

65could probably be attributed to leaching of Zn from the sediments

and subsequent accumulation from water.

Table 7. Zinc-65 concentrations for
each sediment type.

Treatment pCi/g (dry wt.)

Untreated 0.292
Sterilized 0. 228
Oxidized 0.295
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Table 8. Comparison of 6Zn concentration factors
(CF) in Anonyx sp. obtained in absence of sed-
iment (after 96 hrs.) to those obtained from
the three sediment treatment groups (after 93
hrs.) at 7°C.

Treatment n1 CF S.E.M.2

No sediment 1 2 52 2. 3
Untreated sediment 6 34 1.6
Sterilized sediment 6 59 3. 3
Oxidized sediment 6 44 4.5

1Number of individuals

2Standard error of the mean

The apparent affinity of zinc for particulate matter had been

demonstrated by other workers. Parker (1962) showed that a large

reservoir of zinc was present in the top few centimeters of sediment

collected in the Texas bay. Duke, Willis and Price (1966) introduced

ten millicuries of 6Zn into an experimental pond containing estuarine

macrobiota. They reported that after 100 days, the bulk of the zinc

(both stable and radioactive) was associated with the sediments, mdi-

cating that the cycling of this element was principally between the

sediment and water. In a similar project, Pomeroy etal. (1966).

released 100 millicuries of 6Zn into a small tidal creek. The path-

way of the radiozinc was very similar to that reported by Duke (Ibid.)

as it was absorbed rapidly by the marsh sediments. The 6Zn then

entered the biota via bacteria, filter-feeders and sediment feeders.

Osterberg, Kulm and Byrne (1963) and Gross, McManus and Creager
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(1963) have reported the association of 6Zn with sediment material

in and near the mouth of the Columbia River, while Seymour and

Lewis (1964) demonstrated that 69% of the 65Zn present in Columbia

River estuarine water could be removed by filtration.

Once 6n is present in sediment material, the role of benthic

organisms in accumulating and redistributing this radionuclide be-

comes important. Bachmann (1963) added mayfly nymphs to sediment

containing 6n in the top six millimeters. This resulted in the mix-

ing of 6n deeper into the sediment due to the burrowing action of

the organisms, although very little radioactivity was actually accu-

mulated by them. It is reasonable to assume that the burrowing ac-

tion of benthic invertebrates assists in mixing trace elements, such

as zinc, into the sediments once these elements have become sorbed

to the surface layer or have settled there as a result of sedimentation.

Also, by redistributing the sediments these organisms might expose

sediments with available zinc binding sites to the overlying water,

possibly altering zinc exchange rates between sediment and water.

Another important process in the biogeochemistry of zinc is the

ability of bifithic invertebrates to actively remove and retain this ele-

ment directly from the organic and/or inorganic fractions of the sedi-

ment. Carey, Pearcy, and Osterberg (1966) found significant concen-

1rations of 6Zn in the deposit feeding brittle star, Ophiura sp., al-

though little or no 65Zn could be detected in the adjacent sediment.
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Kormondy (1965) suggested that the dragonfly Plathemis lydia could

physically adsorb zinc from the sediments, although no experimental

evidence was cited. Likewise, Parker (1962) felt that benthic organ-

isms may remove zinc directly from the sediment or accumulate it

indirectly as a result of bacterial action. At the present time, how-

ever, the author knows of no work whereby the direct removal of zinc

from sediment by benthic organisms has been demonstrated experi-

mentally. This fact may reflect the lack of research in this area,

rather than the inability of some benthic organisms to accomplish this

task.

With regard to other elements, bacteria were shown to enhance

the removal of from clay (Rae and Bader, 1960), while Duke,

Baptist and Hoss (1966) force-fed radioactive gold sorbed onto clay

particles to the toadfish, Opsanus tau, and reported that only a slight

amount of 199Au was retained by the fish. Korringa (1960) stated

that predatory animals could remove radionuclides from ingested

sediment, although he was not specific as to organisms or radionu-

clides. On the other hand, Anderson, Jonas and Odum (1958) re-

ported that molluscs, echinoderms, and fish altered the x-ray char-

acteristics of ingested clays. This process might possibly affect the

sorptive properties of some clays.

With regard to the present study, populations of Anonyx sp.,

residing in sandy sediment of low organic content, probably remove



very little zinc from the sediment, pse. Gross, McManus and

Creager (1963) reported 6Zn activity near the mouth of the Columbia

River was concentrated more in areas containing finer particles, such

as silt and clays, than in sandy areas. This finding, coupled with the

above experimental results, tends to negate the importance of 65Zn

accumulation from sediment by populations of Anoiyx sp. inhabiting

a sandy environment.
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V. EFFECTS OF TEMPERATURE AND SEDIMENT ON
ELIMINATION RATES OF 6Zn IN ANONYX SP.

The importance of defining elimination rates of biologically

active radionuclides in aquatic and marine organisms has been dis-

cussed by Odum (1961), Odum and Golley (1963), Mishima and Odum

(1963), and Crossley (1964). This elimination rate is usually expres-

sed as a half-life, i.e., the time required for the elimination of one-

half of the initial body burden. Mis hima and Odum (1963) have pro-

posed that a knowledge of biological half-lives can be used in ecologi-

cal research to aid in the determination of:

1) estimation of the radiation dose received by the popula-
tion; 2) estimation of the turnover rate of elements in the
biological portion of biogeochemical cycles; 3) determina-
tion of the role which the population may play in the fate
of man-made radioactivity introduced into the environ-
ment; 4) evaluation of the effectiveness of the isotope as
a label or 'tag' in studies on behavior, dispersal and po-
pulation density; 5) estimation of the rate of energy flow of
free-living populations in nature.

In the present study the effects of two environmental factors,

temperature and sediment, and their potential interaction on the bio-

logical half-life of 6Zn were examined in Anonyx sp. where the mi-

tial accumulation of 6Zn was directly from sea water. Later in the

thesis biological half-lives of 65Zn determined after initial accumula-

tion was through ingestion of labeled food, will be discussed.
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Methods

Three groups of amphipods (24 animals/group) were placed in

filtered sea water containing 25 p.Ci 6Zn/i at 3°, 7°, and 12°C for a

period of ten, eight, and six days. Unequal periods of accumulation

were used so that the three groups would reach similar 65Zn activity

levels. Each amphipod was then weighed, measured for radioactivity

and returned to individual containers in 6Zn-free sea water of the

same temperature. Twelve animals from each temperature group

were placed in containers with ocean sediments and 12 animals were

placed in containers without sediment. For 29 days each amphipod

was removed periodically from its container, placed in a test tube

with two ml of chilled sea water, radioanalyzed in a single channel

analyzer for two minutes, and then returned to its container. The

sea water was changed in each container during each radioactive

measurement to prevent recycling of 6Zn between the amphipods and

sea water. An unexpected mortality in the 30 group reduced the num-

ber of available amphipods from 24 to 11 during the experiment.

The data were analyzed by plotting the values obtained for each

amphipod on semilogarithmic paper as the percentage of 65Zn retain-

ed versus time. The slope (b) of a least squares fit to the straight

line portion of the curve was used to calculate the effective half-life2

2 The effective half-life (Te): the time required for an organism
to lose 50% of its radioactivity as a result of biological elimination
and physical decay of a radionuclide.
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from the equation: T = . The biological half-life (Tb) was
e TTpethen obtained from the expression: Tb T T where T =

3
pe

physical half-life. The justification concerning the use of these

equations to obtain T and T are discussed in the methods section
e b

on feeding.

Results and Discussion

The effects of temperature and sediment on the biological half-

life of 6Zn (Tb) ar: shown in Figure 2. TemPerat:re appears to in-

fluence the rate of Zn loss, especially between 3 and 7 C. Also

Tb values obtained in the presence of sediment tend to be lower at

each temperature than Tb values obtained in the absence of sedi-

ment. An analysis of variance was performed to determine tempera-

ture, sediment, and temperature-sediment interaction effects on the

biological half-life. Because mortalities created unequal num-

bers of individuals in each treatment group, a weighted squares of

means analysis of variance devised by Yates (Steel and Torrie, 1960)

for disproportionate subclass numbers was employed. Before this

analysis was made, however, each Tb value was transformed to its

logarithmic equivalent to equalize variances and to insure additivity

of treatment effects. These results showed that temperature

3Tp: physical half-life: the time required for a radioactive
element to decay to half of its original activity.
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. 65 .significantly affects the Zn biological half-life in Anonyx sp., al-

though neither the presence of sediment nor temperature-sediment

interaction significantly altered the 6Zn excretion rate at the 5%

level of significance (Table 9).

Table 9. Analysis of variance of the effect of temperature and sedi-
ment on the biological half-life of 6Zn in Anonyx sp.

Source df Sum squares Mean squares F-test

A1 adjustedforB 2 0.28150 0.14075 13.642

B3 adjustedforA 1 0.03605 0.03605 3.49

AB4 adjusted for A
andB 2 0.00471 0.00236 0.23

Error 48 0.49544 0.01032

1Effect of temperature.
2Highly significant (at 99% level).

3Effect of sediment.

4lnteraction effect of temperature and sediment.

The inverse correlation between temperature and the biological

half-life of 65Zn has also been shown for the isopod, Idothea (Odum

and Golley, 1963), the small estuarine fish, Fundulus (Shulman,

Brisbin and Knox, 1961), the snail, Littorina (Mishima and Odum,

1963) and the euphausiid, Euphausia pacifica (Fowler, 1966). Odum

and Golley (1963) and Mishima and Odum (1963) have suggested that

the bioelimination of 6Zn can be used as a tag for the turnover of

organic matter in both terrestrial and aquatic organisms. This
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hypothesis, however, has been questioned by both Kormondy (1965)

and Fowler (1966). Kormondy found that 6Zn loss rates in the drag-

onfly, Plathemis lydia, were independent of temperature. Fowler,

on the other hand, demonstrated that formalin-preserved euphausiids

lost 65Zn at rates very similar to live euphausiids.

Although the effect of sediment on elimination rates of

was not statistically significant, sediment did increase the elim-

ination rate at all three temperatures tested. Some recycling of 6Zn

between the amphipod and the sea water may have occurred, although

the sea water in the individual containers was changed at least once a

week. In the containers with sediment, some of the eliminated 6Zn

may have become sorbed onto the sediment, thus becoming unavail-

able for accumulation by the amphipods. This sorption of 6Zn to

sediment might result in lower Tb values for the amphipods than if
65

the sediment had not been present. The observed differences in Zn

elimination rates in Anonyx sp. might also be explained by the contri-

bution of stable zinc to the sea water due to the presence of sediment.

An increase in the concentration of stable zinc in the sea water would

probably increase the exchange of zinc, both stable and radioactive,

between the amphipod and the water. The net result of this effect

would be an increase in the elimination rate of 6Zn from Anonyx sp.

The absence of a significant interaction between temperature

and the presence of sediment on 6Zn elimination rates means that
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these two environmental factors are acting independently. Duke

etal. (in press) conducted an extensive study of the interaction of

four environmental factors (temperature, pH, total zinc and salinity)

on the accumulation of 6Zn in some estuarine invertebrates and re-

ported that interaction of these factors did not significantly affect up-.

take.
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VI. TRANSFER EFFICIENCIES AND ELIMINATION RATES OF
65Zn, 46Sc, 51Cr and '44Ce ACCUMULATED THROUGH FEEDING

Thu.s far all experimental data have dealt with the accumulation

of 65Zn directly from sea water. In this section, however, the be-
65 46 51 144

baylor of not only Zn but Sc, Cr and Ce as well, is

examined as a result of feeding. Emphasis is placed on the amount of

each radionuclide transferred from adult brine shrimp to Anonyx sp.

and the effect of feeding on elimination rates.

Methods

Adult brine shrimp (Artemia sauna) were placed in plastic con-

tainers with 400 ml of membrane filtered sea water. Four rnicrocur-

65 51 46 144 51
ies each of Zn, Cr, Sc, and Ce were added. Since Cr

was purchased in the trivalent state, it was ozidized to the hexavalent

state before being used because radiochromiurn in the Columbia River

is predominantly Cr VI (Cutshall, Johnson and Osterberg, 1966).

The brine shrimp accumulated radioactivity for five days and then

were held for two days in a similar container with non-radioactive sea

water. This last procedure allowed the brine shrimp to lose much of

the loosely-bound radioactivity, which reduced losses to the water

when introduced as food for the amphipods.

Thirty amphipods were held individually in 400 ml polyethylene

beakers suspended in 12°C water. One-half (15) of the amphipods
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received a single feeding of one brine shrimp having known concentra-

tions of all four radionuclides. Feeding was scheduled in the late

afternoon, allowing the amphipod to feed during the night. If the

brine shrimp was consumed, the amphipod was measured for radio-

activity the next morning and on subsequent days. After the initial

feeding, no additional feeding occurred. The sea water in the indivi-

dual containers was changed frequently to prevent the accumulation of

radioactivity.

The remaining 15 amphipods were each fed ten brine shrimp

once or twice a week for four weeks to compare the effects of feeding

on elimination rate. The same feeding procedure was followed as

with the first group but the brine shrimp were not radioanalyzed be-

fore feeding. After four weeks each amphipod received a single feed-

ing of five non-radioactive brine shrimp in an attempt to clear the gut

of any residual radioactive food. Then seven of the amphipods each

received ten non-radioactive brine shrimp per week, while eight re-

ceived no food. The loss of radioactivity was measured in each group

for three weeks.

All radioactivity measurements were made in the well of a 5 x 5

inch Nal (Ti) crystal coupled to a 512-channel pulse height analyzer.

Because of the complex spectra obtained in counting four radionuclides

simultaneously, the data were reduced by computer techniques. In

this process, over-laying photopeaks and interfering Compton effects



were stripped from the spectra before quantitative determinations

were made for each radionuclide.

The data were analyzed in the same manner as described above

concerning the determination of biological half-lives. The intercept

of the straight line portion of the curve with the abscissa then repre-

sents the percentage of radioactivity originally present in the brine

shrimp which was retained by the amphipod as a long-lived compon-

ent. This percentage is the transfer efficiency.

The data which yielded the transfer efficiency calculations were

also used to determine biological half-lives (Tb). This process,

similar to radioactive decay, follows the equation At Aekt

where At is the radioactivity remaining at time t, A is the initial

activity present, and k is the elimination constant. The term k is

defined as in a/Tb and is equal to the fraction of At eliminated per

day.

A semilogrithmic plot of the fraction of activity remaining at

any time t (At/A) versus time results in a curve as represented in

Figure 3. The slope (b) resulting from a least squares fit to the

straight line portion of the curve was used to calculate the biological

half-life from the equation: Tb = ln2/b. A condition which applies

here is that all At values must be corrected for physical decay from

t = 0. If the corrections for physical decay are not made, the frac-

tion 1n2/b represents the effective half-life (Te) In this case k
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a brine shrimp labeled with 65Zn.
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would be equal to lnz/Tb + lnZ/T. When Tb is known, Te can

be calculated from the relationship: ke k + k ; thus
b p

0.693 0.693 0.693
T T + T

Solution of this equation results in the ex-
e b p

TT
ppression: Te Tb+T
p

Results and Discussion

A comparison of gamma spectra between individual brine shrimp and

an amphipod the day after feeding upon that particular brine shrimp

65showed discrimination in favor of Zn (Figure 4). It is evident that

144 51 46 .very little of the Ce, Cr, and Sc in the brine shrimp was re-

tained by the amphipod, while a significant 65Zn peak remained in the

amphipod spectrum.

Because Anonyx sp. demonstrated little ability to retain signifi-
46 144 51cant amounts of Sc, Ce, and Cr (VI) through feeding, transfer

65efficiencies could not be obtained by graphical analysis as with Zn.

Instead estimates were made by taking the ratio of the amount of

each radionuclide remaining in the amphipod on the day after feeding

to the amount originally present in the brine shrimp. Transfer of

hexavalent 51Cr was not measurable using either technique. Because

of the greater amount of 6Zn in the amphipod, many counts in the

area of the '44Ce and 51Cr photopeaks resulted from Compton inter-

actions from 6Zn. This increased the counting errors and made
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cult.

The mean transfer efficiencies (Table 10) cannot be generally

4Z

applied to Anonyx sp., as the nature of the food and the amount eaten

will affect the percentage of radioactivity transferred. The present

values, obtained on the basis of a single feeding, also were based on

the assumption that 100% of the radioactivity associated with the brine

shrimp was ingested by the amphipod. No partially-eaten brine

shrimp were ever noted but there might have been some loss of radi-

oactivity in small bits of gills, pleopods, etc., which may have brok-

en off the brine shrimp when it was clasped and consumed by the am-

phipod.

Table 10. Mean transfer efficiency values for
6Zn, 46Sc, and '44Ce by Anonyx re-
sulting from feeding on labeled adult
Artemia.

Mean S.E.M.2
Radionuclide n' (%) (%)

6Zn 7 55.7 Z.6

46Sc 14 9.4 1.7

14 6.Z 1.8

'Number of individuals.
2Standard error of the mean.

Another factor affecting the transfer efficiency from one trophic

level to another is tissue localization of a radionuclide. The brine
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shrimp accumulated the four radionuclides directly from sea water;

thus more of the radioactivity might have sorbed onto less digestible

tissue than if labeling had occurred through feeding. For example

Baptist and Hoss (1965) fed grass shrimp, (Palaemonetes pugio),

which had accumulated '44Ce from sea water, to the estuarine fish,
144Fundulus. They reported no transfer of Ce and attribute this to

the association of this radionuclide with the undigestible carapace.

In comparison to the present study Nakatani and Liu (1964) fed

gelatin capsules containing ZOO pCi of to 100 yearling rainbow

trout (Salmo gairdnerii) and reported that only 13% (about 26 iCi) was

present eight days after feeding. Chipman, Rice and Price (1958)

found only 27% of the original doses present in croaker (Micropogon

undulatus) after 12 hr, regardless of whether they had been fed 65Zn

in gelatin capsules or had it pipetted directly into their stomachs.

The reef fish, Chaetodon miliaris, is reported to have assimilated

only 10% of the 6Zn activity while feeding on labeled Artemia (Towns-

ley, 1960). These variable transfer percentages of 6Zn are probab-

ly due to species differences, differences in feeding rates, amount fed

and mode of 6Zn accumulation of the consumed organism.

The low transfer values of 144Ce obtained in this study were not

surprising when compared with values reported for other marine or-

ganisms (Baptist and Hoss, 1965; Baptist, 1966; and Chipman, 1958).

Apparently the particulate nature of 144Ce (Greendale and Ballou,
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1954), coupled with a low biological demand by marine organisms for

this element, results in poor transfer across the gut wall. Oster-

berg, Pearcr and Curl (1965) have reported that the levels of 141Ce

in predaceous animals were much lower than in filter feeders captur-

ed off the Oregon coast after the Russian atmospheric tests of 1961-

6z.

Because of their chemical similarity, scandium behaves in

much the same manner in nature as cerium (Palumbo, 1963). Scan-

dium-46 is a neutron-induced radionuclide present in the Columbia

River system from the Hanford Atomic Products Operation. Nelson,

Perkins and Nielsen (1961) have identified 46Sc in Columbia River

water and on suspended sediments. Haertel and Osterberg (1965) ob-

served the occurrence of 46Sc in the estuari.ne copepod, Eurytemora

hirundoides, and on detritus (mainly wood fiber) in the Columbia Riv-

er estuary. Very little laboratory data exist on the behavior of this

radionuclide in marine organisms. Gutknecht (1961a) has shown that

the accumulation of 46Sc by marine macroalgae is due to adsorptive

processes. In the present study the small amount of 46Sc retained by

the amphipods during feeding was quickly eliminated. Thus it behaved

144much like Ce.

The inability of Anonyx to retain measurable amounts of 51Cr

(VI) through feeding raises some interesting questions concerning the

pathway of 51Cr in the biota of the Columbia River estuary and the
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region of the Pacific Ocean influenced by the Columbia River plume.

Cutshall (1967) stated that

Chromium-51 remains largely in solution as a hexavalent
anion during its passage through the lower river and after
its entrance into the Pacific Ocean. A minOr fraction of
Hanford induced Cr-5l becomes attached to suspended par-
ticles and bottom sediments. Reduction of Cr(VI) to Cr.(IIt)
apparently precedes or accompanies sorption.

Chromium-Si has been reported in attached algae (Renfro, personal

communication), copepods (Haertel and Osterberg, 1965) and in the

benthic estuarine amphipods, Corophrium and Anisogammarus (Ku-

jala, personal communication). Osterberg, Small and Hubbard (1963),

comparing the 51Cr activities of small and large euphausiids collect-

ed off the Oregon coast, stated that the smaller euphausiids contained

approximately four times the amount of 51Cr/gram than that found in

the larger euphausiids. This suggested chromium uptake by surface

adsorption. However, other data in the same paper, comparing eu-

phausiids to copepods and the external surfaces of a pelagic tunicate

to its unuc1eus, did not point to surface adsorption as the primary

means of 51Cr accumulation. Haertel and Osterberg (196S) found

great differences in 51Cr values in meat and bone samples of the

young starry flounder (0-Il year class) and the prickly sculpin. The

flounder contained up to 1Z4 1,iCi51Cr/g dry weight while no measur-

able 51Cr values appeared in the prickly sculpin samples. Both spe-

des were taken in the same location and stomach analysis revealed
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that the amphipod Corophium salmonis was a recent food source for

both of the fishes. If the 51Cr activity in Corophium was due mainly

to surface adsorption on the exoskeleton, two possible explanations

can be given. Either the young starry flounder can remove 51Cr ef-

fectively from exoskeletal material (contrary to laboratory experi-

ments with other organisms) while the prickly sculpin cannot, or the

starry flounder accumulates 51Cr from water via gills. Another ex-

planation might be that 51Cr is present in its trivalent state in Coro-

pium and that the starry flounder can accumulate 51Cr(III) while

feeding. Thus, existing field and laboratory data suggest that the

principal mechanisms of 51Cr(VI) accumulation in the biota of the

Columbia River estuary and adjacent Pacific Ocean should be examin-

ed in greater detail.

Elimination of 6n was affected by both body burden and feed-

ing (Table 11). Amphipods which were fed a single brine shrimp had

one-tenth the body burden and about twice the biological half-life as

amphipods which received multiple feedings of brine shrimp. The bio-

65logical half-life of Zn in amphipods which received non-labeled food

was approximately one-third that of unfed amphipods.

The effect of food consumption on 65Zn elimination rates agrees

with the finding of Odum and Golley (1963). They reported that the

biological half-life of 6Zn in marine isopods which ate large amounts

of non-radioactive food was less than in individuals which ate little or
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no food. Bryan (1966) obtained similar results when comparing elim-

ination rates of fed and unfed crabs. Shulman, Brisbin and Knox

(1961), however, were not able to demonstrate any effect on the bio-

logical half-life of 65Zn in small estuarine fish by varying food in-

take. The mean Tb value of 35 days for the feeding amphipods in
65 .our studies is similar to Zn biological half-lives reported by Mis h-

ima and Odurn (1963) for the gastropod Littorina irrorata at 15°C.

These snails also fed on non-labeled food during the observations.

Table 11. Mean 6Zn biological half-lives (Tb), effective half-lives
(Te) and elimination rates (k) for: (A) amphipods re-
cej.ving a single feeding of labeled brine shrimp and
starved during 6Zn elin-lination measurements, (B) am-
phipods receiving multiple feedings of labeled brine shrimp
and starved during measurement of elimination rates, and
(C) amphipods receiving multiple feedings of labeled brine
shrimp and fed non-labeled brine shrimp during elimina-
tion measurements.

A1 B2 C3
Mean Mean Mean

4
(days) S.E.M. (days) S.E.M. (days) S.E.M.

Tb 223.6 23.3 104.2 12.3 34.7 8.2

T 116.9 -- 73.1 -- 30.4
e

k -0.0031 -- -0.0067 -- -0.0200

'Number of individuals 9.

2Number of individuals - 4.

3Nurnber of individuals - 5.
4Standard error of the mean.

65 .
The effect of Zn body burdens on elimination rate indicates



that the amphipods which received multiple feedings accumulated more

6Zn than amphipods which received only a single feeding, and that it

was eliminated at a much greater rate. One point, however, compli-

cates comparison between the two groups. The amphipods which re-

ceived multiple feedings consumed five non-labeled brine shrimp at

the onset of the elimination measurements, whereas the other group

did not. Because the effect of this extra feeding is not known, one

cannotbe surethatdifferencesin6Zn elimination rates are due entirely

65to differences in Znbodyburdens.
144 51

Determination of elimination rates for Ce and Cr were not

possible due to the small amount of these radionuclides retained by

the amphipods and large counting errors mentioned earlier. With

46Sc, it was possible to calculate Tb values for three amphipods

that received multiple feedings. The two that were fed non-radio-

active brine shrimp both had Tb values of eight days. The other

amphipod, not fed during elimination measurement, had a Tb value

of 38 days. These limited results suggest that the elimination rate of

also may be influenced by feeding.



VU. LOSS OF 6Zn, 46Sc AND '44Ce DUE TO
MOLTING IN ANONYXSP.

Methods

Although molting was infrequent, several molts occurred during

the experiments in which elimination rates were measured. Thus,

molting took place in non-radioactive sea water and very little con-

tamination should have occurred from the surrounding medium, al-

though a small amount of radioactivity could have been lost to the sea

water before the exoskeleton was discovered and measured for radio-

activity. Daily checks were made during the experiments to mini-

mize this problem. As soon as a molt was discovered, the amphipod

and the cast exoskeleton were radioanalyzed separately to determine

the fraction of each radionuclide lost at molt.

Results and Discussion

The percentage of 6Zn remaining with the cast exoskeleton

was dependent upon the mode of uptake (Table 12). When accumula-

tion was initially from water the 6Zn lost at molt was 19.7 ±4.6%.

However, if accumulation was through feeding, the amount of 65Zn

lost at molt was 2. 0 ± 1. 6%. These differences appear quite reason-

able since accumulation from water should result in a greater amount

of 5Zn sorbed to the exoskeleton from surface contamination.
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65Molting loss after the accumulation of Zn from water (19. 7%) is

very similar to that given for the euphausild, Euphausia pacifica.

Fowler (1966) reported that, under similar conditions, E. pacifica

lost approximately 18% of the total 65Zn activity in the first molt.

The values reported in this paper and those obtained by Fowler are

substantially less than the 94% molting loss of 6n listed by Kor-

mondy (1965) for the dragonfly larvae, Plathemis lydia.

65 46Table 12. Percentage of Zn, Sc and
144Ce lost at molt in Anonyx sp.

Radionuclide n' Mean S. E.M. 2

65Zn(W)3 8 19.7 1.6

65Zn(F)4 4 2.0 0.8

46Sc(F)4 4. 16.0 4.1

2 28.9 3.2

of individuals.

2Standard error of the mean.
3Acc umulated radionuclide from water.

4Accumulated radionuclide from feeding.

46 144
Table 12 also gives values for the loss of Sc and Ce during

molting. In both instances accumulation was from food. Since no

other values are listed in the literature, and no comparable data exist

for accumulation from water, further discussion concerning these

data will not be made.
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VIII. DISTRIBUTION OF 6Zn IN TISSUES OF ANONYX SP.

Autoradiogr3phs were used to determine tissue distribution of

5Zn accumulated from sea water.

Methods

Amphipods, after being held in filtered sea water containing

25 1iCi/l of 6Zn for eight days at 7.0 + 0.5°C, were preserved in

10% buffered formalin, imbedded in paraffin and sectioned on a micro-

tome.

The autoradiographs were prepared by dipping de -paraffinized

slides into a liquid nuclear tract emulsion after which they were dried

and then exposed in light tight slide boxes ina 5°C refrigerator.

They were developed in Kodak D-19 developing solution and then

stained with haemotoxylin and eosin. The emulsion used was Ilford

K-S Nuclear Tract Emulsion in gel form and was mixed equally with

distilled water for use. This technique is a modification of a method

described by Novek (1962).

Results and Discussion

Autoradiographs of amphipods that accumulated 6Zn from sea

water show the predominant sites of radiozinc localization to be exo-

skeleton and interstitial areas in muscle tissue. The 5Zn in the



Figure 5. Autoradiographs (x 400) of 6Zn localization in tissue of Anonyx for (a) exoskeleton
(b) muscle, (c) gut, and (d) hepatopancreas. The 6Zn activity is represented
by the darkened areas in (a) and (b) and by the scattered black dots in (c) and (d).
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exoskeleton appears to have penetrated the epicuticle and pigmented

layer into the calcified layer (Figure 5a). Activity is also present in

most of the cracks and fissures of the outer portion of the exoskele-

ton. Thus, at least a portion of the exoskeleton appears to be per-

meable to zinc. Little is known about the permeability of the crusta-

cean cuticle, but in general, it exhibits varying degrees of permea-

bility to water and salts of the environment (Dennell, 1960).

Localization of 65Zn in muscle tissue appears to be restricted

to interstitial areas rather than within the cells (Figure 5b), indicat-

ing that a certain proportion of the 65Zn body burden in these amphi-

pods is associated with body fluids. This observation substantiates

Bryan (1964) who reported that changes in the muscle zinc of the lob-

ster, Homarus vulgaris, are caused by changes in the zinc concentra-

tion of blood in the extracellular spaces.

When H. vulgaris was exposed to sea water of high stable zinc

content, much of the zinc accumulated by this organism was taken up

in the hepatopancreas, while the gut remained low in zinc content.

In Anonyx some 6Zn activity was also present in the gut (Figure 5c)

and in the hepatopancreas (Figure 5d). Although the lobster does not

drink sea water (Bryan, 1964), comparable information for Anonyx is

lacking. If Anonyx swallows sea water, 65Zn should be present in the

gut. At any rate, autoradiography promises to be useful in des crib-

ing 65Zn metabolism in marine organisms.
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IX. GENERAL DISCUSSION

Amphipod populations,as represented by the genus Anonyx,

probably play an important role in the cycling of radionuclides which

are introduced into the sea via river systems. For example, during

the period 1960-6Z approximately Z8, 000 curies per month of neutron-

induced radioactivity flowed into the Columbia River estuary and ad-

jacent Pacific Ocean (Foster, 1963). Although much of the radioac-

tivity remaining in the dissolved state would be confined to the plume

waters located in the top 40 meters (Barnes and Gross, 1966), a cer-

tam proportion of it would be carried down to the benthic environ-

ment as a result of natural sedimentation processes (Jennings, 1966;

Osterberg, Kulm and Byrne, 1963; and Gross, McManus and Creager,

1963).

The pelagic biota would also make an important contribution to

the descent of radioactivity to the benthic environment as Polikarpov

(1966) states,

Continuous transport of radioactive substances to the bot-
tom deposits occurs as a result of the death of organisms
and detritus formation. The total amount of radionuclides
thus transported to the bottom of a water in the course of
a single season may be hundreds of times greater than
their content in the whole mass of live organisms in the
water at any given moment. Therefore, the living matter
ofa water behaves like a pump in pumping radioactive
substances from the water into bottom deposits.

This biological transport of radioactivity to the benthic environment
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should be especially important directly off the mouth of the Columbia

River during the summer months as the nutrient rich water associat-

ed with the plume results in much higher standing crops of both phyto-

plankton (Anderson, 1964) and zooplankton (Cross, 1964) than ambient

waters.

The controversy of whether a marine organism obtains its radi-

oactivity by direct sorption from the water or through the food chain

is discussed by Polikarpov (1966) and may depend upon the individual

situation. In the case of Anonyx sp. the main source of radioactivity

would probably be the food chain as most of the radioactivity in the

dissolved state would remain in the plume and the near-by surface

waters. Radioactivity (especially 65Zn) associated with dead organ-

isms and fecal pellets would sink through the water column and be

available to Anonyx sp. and other benthic organisms. For example

Osterberg, Carey and Curl (1963) have attributed the rapid descent

of 144Ce to depths of 2800 meters to the association of this ra-

dionuclide with fecal pellets voided by filter feeding zooplankton.

The exact position of Anonyx sp. in the food web is not known.

In the laboratory it consumed dead fish, beef liver and both the live

nauplii and adults of the brine shrimp Artemia sauna. These diverse

feeding habits may also be employed by this organism in nature as

Fage (1933) states that some gammarids undergo seasonal or nocturn-

al swarming higher in the water column. The excellent swimming
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ability and enlarged eyes of Anonyx sp. may allow it to urdertake

these migrations and feed on zooplankton although no indication of this

was seen in the present study.

Since Anonyx sp. is I good size and at times quite abundant, it

is reasonable to assume that it is probably preyed upon by many of

the bottom feeding fishes inhabiting Oregon coastal waters. Thus it

appears that benthic amphipods, as represented by the genus Anonyx,

are important in the cycling of organic matter along the Oregon coast

and their role in the cycling of radionuclides may be underestimated.
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