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REPORT OF THE DIRECTOR
T. R. Rice

The staff completed its move intonewbuild-
ings during this fiscal year. Most of the
facilities in the laboratories now have been
completed and are very satisfactory for our
research, These facilities were urgently
needed, because the old laboratory building
was much too small for the staff and was
flooded by storm tides.

There are three new buildings: a two-story
laboratory of about 20,000 sq. ft. (square feet),
a radiation building of 1,500 sq. ft,, and a
storage building of 1,000 sq. ft. containing
a crematory for ashing radioactive organisms,
The three buildings were constructed at a cost
of about $384,000, The main building has
office and laboratory space for about 16 in-
vestigators and supporting staff, two large
salt-water laboratories, three constant-
temperature rooms, several counting and in-
strument rooms, a stockroom, a conference
room, and offices for administrative staff,
The radiation building is divided into three
parts: a radiation room with concrete walls
3 ft. thick and sea-water facilities for studies
of chronic effects of low-level irradiation;
an instrument room for a cobalt 60irradiator,
X-ray machine, and neutron generator; and
an aquarium room with running salt water
for maintaining experimental animals.

The laboratory staff has cooperated in
designing a salt-water system for the new
buildings. Salt water is supplied to the radia-
tion building and to the two salt-water labora-
tories and three other laboratories of the
main building, The water is pumped directly
from the estuary into three fiberglass tanks
with a capacity of 5,000 gal. (gallons) each.
These tanks are used for storage and settling,
and water is fed into the laboratories by
gravity through pipes constructed of polyvinyl
chloride (PVC). This system has no exposed
metal parts and is designed to supply 250 gal./
min, It is also designed as a dual system so
that one system can be used while the other
system is being cleaned with fresh water to
reduce growth of fouling organisms.

We believe that, with our new buildings
and salt-water system, our major facilities
for radiobiological research on marine orga-
nisms will be unequaled, The acquisition of a
few additional pieces of equipment would
enable us to carry on almost any type of
radiobiological research,

The research of the Radiobiological Labora-
tory includes the broad areas of estuarine
ecology, biogeochemistry, pollution studies,

and radiation effects, These areas, called
programs, are headed by program chiefs,
who decide to a large extent the direction
that research will take, and, with the aid
of the laboratory director, use any oppor-
tunities that enable two or more programs to
cooperate in solving problems too involved
or complex to be handled by a single pro-
gram. Each program also has a number of
projects. The project leader has considerable
freedom in planning the details of his re-
search,

Most of our research is concerned with
three general problems: (1) the fate of radio-
active materials in estuaries, (2) the effect
of radiation on marine organisms, and (3) the
application of radioactive tracer techniques to
fishery biology. To obtain data, three ap-
proaches have been used. Many data have
been collected in the laboratory to make
it possible to predict what might happen to
radioactive materials introduced into the ma-
rine environment, More recently, the use of
tanks and ponds has enabled us to test ques-
tionable findings obtained in the laboratory.
Present plans are to observe the cycling of
radioisotopes in certain natural bodies of
water restricted from the public, We have
already completed some such studies, In our
opinion, data collected by these three ap-
proaches, when integrated and correlated,
will enable us to better understand the role
of plants and animals in the cycling of radio-
activity in estuaries and marine areas, Re-
search completed during the past yearis sum-
marized in the following paragraphs.

In the Productivity Project, a yearlong study
of plankton in inshore waters near Beaufort
was nearly completed. We found that phyto-
plankton production had a pronounced seasonal
cycle with higher production accompanying
higher water temperatures. Photosynthesis
could not be correlated with water trans-
parency, chlorophyll concentration, or sus-
pended matter. Photosynthesis and respiration
per unit volume were greatest in the shall
waters at the heads of the estuaries, whereas
rates per unit area were greatest in the deej
channels near the mouths of the estuaries,
The standing crop of zooplankton was small
in comparison with phytoplankton production,
suggesting that food never limited zooplankton
production and that zooplankton grazing never
controlled phytoplankton production, The rate
of exchange of zinc between estuarine waler
and sediment was controlled by temperature




and was affected little by the type of sediment.
These results, however, may have been a
product of microfloral growths developed
during the experiments., The results of experi-
ments on mass culturing of phytoplanktonsug-
gest that dense populations of species suitable
for rearing shellfish may be maintained in
raw sea water by adequate fertilization and
a suitable rate of harvest,

In the Radio-Assay Project, research con-
tinued on measuring existing levels of gamma
radioactivity in the estuarine environment
and on biological indicators of radioactivity
in the environment. Total gamma activity de-
creased during the year, especially in samples
with large amounts of zirconium 95-niobium
95 (half-life 65 days). After the decay of
zirconium 95-niobium 95, cesium 137 and
manganese 54 could be measured in samples
of sediment and Spartina, Research efforts
were concentrated onbay scallops, Aequipecten
irradians, which were a biological indicator
for manganese 54, The concentrations of
manganese 54 and stable manganese in dif-
ferent tissues indicated that these scallops
accumulated manganese 54 from a 'high
specific activity source' because some tissues
had greater specific activities than other
tissues and greater specific activities than
the sea water in which the organisms were
collected.

In a preliminary experiment of the Biogeo-
chemistry Program, shrimp were fed carbon
l14-labeled Carteria. The nonsaponifiable lipids
of the shrimp, along with the fatty acids and
nonlipid residue, were isolated and counted.
The presence of carbon 14 inthe nonsaponifiable
lipid fraction suggested that we could use
this feeding procedure to studythe metabolism
of steroids and carotenoids by shrimp. We
began a study of zinc metabolism in the
Americanoyster, Gel diffusion chromatography
was used to fractionate proteins from oyster
fluids. Zinc was estimated by atomic absorp-
tion and protein by ultraviolet absorption.
Preliminary results indicate that zinc was
associated with more than one soluble protein
in the circulating fluids of the oyster. Par-
ticulate fractions were sedimented from oyster
tissue homogenates by differential centrifuga-
tion at 4,200; 12,000; and 35,000 times gravity.
We noted no specificityin zinc-binding capacity
in these fractions.

In the Plants Project, we studied ion dis-
tribution and transport in Gracilaria foliifera,
a red marine alga. We identified actively
transported ions by comparing the electrical
potential of the vacuole with the predicted
equilibrium potential for each ion. Sodium
was actively extruded from cells of Gracilaria,
whereas potassium, rubidium, chloride, and
possibly iodide were actively absorbed. Cesium
was in approximate electrochemical equilib-
rium. Light stimulated both influx and efflux
of all ions exceptiodide. Anaerobiosis inhibited

the fluxes of every ion, Neither light nor
anaerobiosis, however, affected the steady-
state distribution of ions in Gracilaria.

Factors influencing the accumulation and
retention of radionuclides by filter-feeding
shellfish were investigated inthe Invertebrates
Project, and we evaluated the capacity of
fh__esge—T)rganisms to serve as indicators of
radioactivity in the environment, Clams were
labeled with zinc 65 in the laboratory and
separated into two groups. One group was
maintained in the laboratory in flowing sea
water, and the other was maintained in the
natural environment, After 100 days, the clams
in the laboratory contained more zinc 65
than those in the natural environment. We
placed oysters and clams in a shallow salt-
water pond that contained measurable amounts
of sediment-sorbed zinc 65 but only back-
ground levels of isotope in the water. After
257 days in the pond, oysters contained 3.1
times as much =zinc 65 by weight as the
sediment, while clams contained only one-
half as much as the sediment,

In the Vertebrates Project, studies on the
accumulation of radionuclides by marine
teleosts were concerned with in-vitrotransfer
of isotopes across the intestinal tract, char-
acteristics of intestinal absorption of water,
and retention of isotopes by the whole animal.
Experiments with toadfish intestine demon-
strated that a net transfer of water from
mucosa to serosa occurred in the absence
of an osmotic gradient, The direction of

water transfer as a function of different
NaCl gradients across the intestine sug-
gested that water transfer was secondary

to net NaCl movement, Iodine 131 also crossed
the intestinal wall in both directions in re-
sponse to a concentration gradient. Whole-
body retention of iodine 131 in the croaker
was expressed as a composite curve consisting
of three rate functions with biological half-
lives of 6 hr. (hours), 2.25 days, and 24 days.
Retention of iodine 131 in the tissues except
gill, muscle, and thyroid, corresponded closely
with the whole-body retention.

In the Experimental Environments Project,
we observed the cycling of zinc 65 in an ex-
perimental pond and the movement of iodine
131 and zirconium 95-niobium 95inanestuary.
Zinc 65 added to the water of the pond was
accumulated rapidly by sediments and biota
(fauna and flora), After 1 day, about 83 percent
of the original zinc 65 was flushed out of the
pond by tidal exchange; of the zinc 65 remain-
ing, 36 percent was in the bottom sediment,
59 percent in the water (one-third of the amount
in water was associated with suspended mate-
rial), and 5 percentinthe biota, After 110 days,
the water had no detectable zinc 65, the sedi-
ments contained 99.4 percent of the zinc 65
in the pond, and the biota contained the re-
mainder. For 2 wk. (weeks) we studied the
accumulation of iodine 131 and zirconium




95-niobium 95 by free-swimming and caged
organisms in Salliers Bay. The level of ac-
cumulation by these organisms varieddirectly
with distance from the point of release of the
radioactivity, i.e., organisms nearestthe point
of release accumulated the most radioactivity.
Organisms accumulated more iodine 131 than
zirconium 95-niobium 95; and crabs, oysters,
and clams contained more of both isotopes
than other organisms.

The effects of radiation on blood, iron
metabolism, and respiratory metabolism were
investigated in the Physiological Effects Proj-
ect. An acute radiation dose of 2,000 R.
(roentgen) caused drastic decreases in the
numbers of leucocytes and thrombocytes in
the blood of pinfish, Lagodon rhomboides,
although both increased to the control level
after 2 wk. (weeks). Only slight changes oc-
curred in the numbers of erythrocytes, hem-
atocrit values, hemoglobinlevels, and mean cell
volume, Numbers of reticulated erythrocytes
increased on the 7th day, and all erythrocytes
were reticulated after 30 days., Plasma protein
levels declined more rapidly in the irradiated
fish than in the controls during the first 3 wk,
of the experiment but returned to the control
level by the 23d day. Radiation caused only
slight changes in the uptake of iron 59 by the
blood of pinfish; however, radiation altered
the patterns of iron 59 uptake by the kidney,
liver, and spleen., In these organs the rates
of iron 59 accumulation in irradiated fish

were reduced from those of the controls, To
test the effects of radiation on respiratory
metabolism, nauplii and adult brine shrimp,
Artemia salina, were irradiated with 5,000,
10,000, and 20,000 R, (Roentgens), We noted ac -
celerated respiration rates in all irradiated
nauplii and in the adult females exposed to
10,000 R. Irradiated adult males had little
change in respiratory activity,

In the Morphological Effects Project, we
studied both the sensitivities of marine orga-
nisms to radiation and the influence of the
environment on their responses to radiation.
We determined lethal doses for seven marine
fish and two invertebrates. Results indicated
that the LD-50 doses calculated for different
times after irradiation varied differently for
each species, These data showed that LD-50
(See p. 49) (30-day) values alone were not good
criteria of radiation sensitivities, Salinity and
temperature affected the responses of fish to
radiation. At 22° C. it required three times
as much radiation for an LLD-50 with Fundulus
heteroclitus in a salinity of 5 p.p.t. (parts per
thousand) as in 25 p.p.t., but at 12° C, more
radiation was needed for an LD-50 in 25 p.p.t.
than in 5 p.p.t. Fish eggs incubated in water
containing cesium 137 (20 x M,P.C, (maximum
permissible concentration)) showed no ap-
parent radiation effects, X-ray doses of 250 R,
during the first 6 days of development re-
tarded development and increased mortality
of fish eggs.
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Staff Activities

1964

T. R. Rice gave a talk on ''Radiobiological
studies'' atthe Duke University Marine Labora-
tory, Beaufort, N.C., July 9.

T. R. Rice presented two talks, '""Research
at the BCF Radiobiological Laboratory,' and
"Use of radioisotopes in marine biology,' at
the Radioecology Institute sponsored by the
Oak Ridge Institute of Nuclear Studies at
Oak Ridge, Tenn., July 13.

T. W. Duke gave a talk entitled, '"Radio-
biological research in the Bureau of Com-
mercial Fisheries,'" at the University of
Georgia's Marine Institute, Sapelo Island, Ga.,
August 3.

J. W. Gutknecht conducted a seminar on
""Electrolyte distribution and transport in the
seaweed, Gracilaria foliifera,' at the Duke
University Marine Laboratory, Beaufort, N.C.,
on August 20, and at the meeting of the
American Institute of Biological Sciences in
Boulder, Colo., August 23-28,

T. R. Rice presented a paper entitled
""Accumulation of mixed fission products by
marine organisms'' at the Second International
Conference on Water Pollution Research held
in Tokyo, Japan, August 24-28. He remained
in Japan for 2 wk, and conferred with a number
of Japanese scientists on radiobiological and
fishery research.

T. W. Duke welcomed the members of the
American Society of Ichthyologists and Herpe-
tologists to Morehead City, N.C., September 1.

T. R. Rice presented a talk on '"Marine re-
search in Japan'' at North Carolina State
University at Raleigh, N.C,, October 8,

D. A, Wolfe attended the Fall National Meet-
ing of the American Oil Chemists' Society in
Chicago, Ill.,, October 11-14, and presented
a paper entitled, ''Studies on the composition
of crayfish lipids,"

T. R, Rice on October 25-27 attended a Red
[ide Symposium at St, Petersburg Beach, Fla,,
and presented '""Comments on red tide."

T. W, Duke and C. L. Schelske attended
the 2d AEC Conference on Fallout at German-
town, Md., November 3-6.

J. A. Angelovic, T. W, Duke, C. L.Schelske,
R, B, Williams, D, A, Wolfe, J. P. Baptist,
and J, C. White, Jr., attended the meeting of
the Atlantic Estuarine Research Society in
Baltimore, Md., November 6-7. Two papers

were presented: ''Phytoplankton production in
inshore waters near Beaufort, N.C.," by
Williams and ""Ecological relationships implied

from fallout radioactivity accumulated by mol-
luscs,' by Schelske.

C. L. Schelske presented a paper entitled
Ecological implications from fallout radioac-
tivity accumulated by molluscs'' at the Ameri-
can Association for Advancement of Science
Meeting, Montreal, Canada, December 26-31,

T. R. Rice, C. L. Schelske, and T. W. Duke
attended a conference of local, State, and
Federal authorities in Wilmington, N.C., on
December 7, concerning a visit of the nuclear
ship Savannah to the State port in Wilmington,
A tour of the ship and visit to its radiological
health facilities were made December 28 by
Rice and Duke.

1965

T. W. Duke presented a lecture entitled
""Labeled sediment transport' to participants
in the Nuclear Geology Course conducted by
the Oak Ridge Institute of Nuclear Science at
Oak Ridge, Tenn., January 15.

D. A. Wolfe and J. W. Angelovic attended
an Automatic Data Processing Course at the
Marine Corps Air Station, Cherry Point, N.C.,
January 19 to February 10,

T. R. Rice attended the North American
Wildlife Conference in Washington, D.C.,
March 8-10. A paper was presented entitled
'""Radioisotope techniques infishery research.'

T. R. Rice attended an AEC Review, March
15-17, and presented the research carried out
by personnel of this laboratory.

T. R. Rice attended a public hearing on the
Malibu Nuclear Reactor, Santa Monica, Calif.,
March 22-30. He presented testimony on the
dispersion of radioactivity in the marine en-
vironment and its effect on marine organisms.

J. W. Angelovic, D. W. Engel, T. J. Price,
J. C. White, Jr., and R. B. Williams attended
a work conference of the Atlantic Estuarine
Research Society Meeting in Delaware, April
2-3, Williams presented a paper, '"Manipulation
of phytoplankton populations for shellfish cul-
ture''; White, 'Influence of salinity and tem-
perature on the radiation response of
Fundulus''; and Engel, ''Some radiation-induced
hematological changes in the pinfish, Lagodon
rhomboides."

J. W. Gutknecht and D. A, Wolfe attended
the meeting of the Federation of American
Societies of Experimental Biology and Medi-
cine, Atlantic City, N.J., April 10-14,

T. W. Duke and R, B, Williams attended the
Association of Southeastern Biologists Meeting,
Charlottesville, Va., April 15-17. Duke pre-
sented a paper entitled '"Cycling of zinc in
experimental marine environments,' and
Williams a paper entitled ''The interrelation-
ship between phytoplankton and zooplankton in
inshore waters near Beaufort, N,C."

T. R. Rice attended the National Academy
Science Committee on Oceanography Panel
Meeting, Johns Hopkins University, Balti-
more, Md,, April 23-24,

T. W, Duke presented two seminars at North
Carolina State University--on April 29 to the
Zoology Department and on April 30 to the
Chemistry Department,



J. W. Gutknecht, R, B. Williams, J. P, Bap-
tist, and W, D, C, Smith attended the North
Carolina Academy of Sciences Meeting, Chapel
Hill, N.C., May 8. Gutknecht presented a
paper entitled ''Ion transport in Gracilaria
foliifera, a red marine alga' and Williams
a paper entitled '""Control of phytoplankton
population by modificationof the environment."

J. W. Angelovic and D. W. Engel attended
the Radiation Research Society Meeting in
Philadelphia, Pa., May 23-26. Engel presented
a paper entitled ''Some effects of an acute
dose of Cob0 radiation on the blood of the
pinfish, Lagodon rhomboides."

R. B. Williams presented a seminar on
phytoplankton and zooplankton standing crop
in the Beaufort area to the Marine Ecology
Class at Duke University Marine Laboratory,
June 30,

R. B. Williams attended the meeting of the
Marine Technology Society and American So-
ciety of Limnology and Oceanography Con-
ference on ''Ocean science and ocean
engineering,'  Washington," D.C.; June *14-
17, and presented a paper entitled ''Annual
phytoplankton production inasystem of shallow
temperate estuaries.'
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ESTUARINE ECOLOGY PROGRAM
Claire L. Schelske, Chief

Research on collecting field data that can
be used to relate ecological factors to the
accumulation of radioactivity by estuarine
organisms in the environment was continued
this year by studying the productivity of
estuaries and by measuring existing levels of
radioactivity in estuarine organisms. We
studied environmental conditions needed for
mass cultures of phytoplankton because main-
tenance of an adequate food supply is a prime
prerequisite for long-term studies of filter
feeders. We also experimented onthe exchange
of zinc 65 between water and sediment, These
diverse approaches were required because the
complexity of the estuarine environment pre-
cludes simple solutions to ecological problems,

This year we collected data on plankton
production and standing crop, and on physical,
chemical, and biological factors related to
plankton production in estuaries near Beaufort,
Cycles of elements and their radionuclides

must be related to ecological factors to pre-
dict the fate of radionuclides introduced into
the environment, For this purpose, we need
data on the food chains in the environment,
on the uptake of specific radionuclides by
organisms, and on the movement of radionu-
clides through food chains,

One object of measuring existing levels of
radioactivity in estuaries is to find organisms
that are biological indicators of radioactivity
in the environment, Biological indicators are
organisms that selectively concentrate or
accumulate radionuclides in the environment
and that might be used to detect amounts of
radioactivity harmful to man. Another object
is to determine the processes in the environ-
ment that are responsible for different
organisms being biological indicators. This
year we concentrated on learning about the
mechanisms of accumulation of manganese 54
by bay scallops.



PRODUCTIVITY

Richard B. Williams, Marianne B. Murdoch,
and Leon K. Thomas

Plankton

Phytoplankton research conducted last year
in the Beaufort Channel was expanded to a
yearlong general study of phytoplankton,
zooplankton, and suspended matter in waters
near Beaufort. The study area, Core Sound
and its adjoining estuaries, contains a variety
of environments representative of the shallow
embayments of the southeastern coast. This
work, which is yielding insight into estuarine
food chains, provides information needed for
predicting paths of movement of radionuclides
among estuarine biota.

The study area was divided into 30 sections,
and one or two sampling stations were located
at random within each section. We visited
the 35 stations at 5-wk. intervals and meas-
ured temperature, salinity, light extinction,
phytoplankton production, chlorophyll, and
suspended matter, We consider these measure-
ments, based on samples of surface water,
to be representative of the entire water col-
umn because the shallowness of the water
(average depth 1.2 m.), coupled with turbulence
from wave action and tidal currents, largely
precluded vertical stratification. We deter-
mined phytoplankton production by measuring
changes in dissolved-oxygen concentration in
light and dark bottles.

Photosynthesis and respiration at almostall
stations displayed a marked seasonal cycle
which roughly followed the cycle in water
temperature. Maximum values for respiration
and photosynthesis occurred in June and were
five times the minimum values in December
(fig. 1). These values are similar to those
found in coastal waters and slightly below
estimates we made last year from data ob-
tained in the Beaufort Channel. Estimates of
annual production obtained by extrapolating
data in figure 1 are 100 g. C/m.2 (grams of
carbon per square meter) gross photosynthesis
and 50 g. C/m.2 net photosynthesis. This
pPhytoplankton production, which is less than
that estimated for the Sargasso Sea, seems
surprisingly low for an apparently productive
estuary. It is likely, however, that much of
the production of these shallow waters is
derived from bottom vegetation.

Although biological activity was mostintense
at the heads of the North River and Newport
River estuaries (fig. 2), productivity per
square meter was greatest in the channels
near the mouth of the Beaufort Inlet estuaries
(fig. 3). The shallowness and turbidity of the
estuary heads reduced their photosynthesis
per square meter to comparatively modest
levels, despite values for photosynthesis and
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Figure l.--Average values for phytoplankton gross
photosynthesis and respiration, suspended matter,
chlorophyll a, assimilation number (at 50 percent
surface illumination), light penetration, and water
temperature in Core Sound and adjoining embayments.
Vertical bars on the temperature curve indicate the
ranges present.

respiration per cubic meter which in mid-
summer reached almost sewage-pond levels.
In such areas the euphotic zone was often
less than 1/3 m. deep. Near Beaufort Inlet a
moderate productivity per cubic meter yielded
high productivity per square meter because the
water was deep and clear enough that the
euphotic zone often exceeded 10 m. Overlarge
areas, however, depth, transparency, and pro-
ductivity interacted to produce relatively uni-
form annual values for photosynthesis (fig. 3).

Light penetration, suspended matter, and
chlorophyll a concentrations were interre-
lated and not closely correlated with phyto-
plankton production (fig. 1). Light penetration
was controlled by suspended matter and was
inversely correlated with it. Because light
rarely limited photosynthesis, changes in
phytoplankton production were not related to
changes in light penetration. The direct cor-
relation between suspended matter and chlo-
rophyll a suggested that high concentrations
of chlorophyll were derived largely from
detritus. Thus the concentration of chlorophyll
was not closely related to phytoplankton pro-
duction. Assimilation numbers which ranged
from 1.2 to 62.5 were in general higher in
warm weather and in areas with little



NORTH CAROLINA

~~ CAPE
HATTERAS

CAPE LOOKOUT

ATLANTIC
OCEAN

?
l CAPE FEAR

PHOTOSYNTHESIS

CAPE Looxou%

RESPIRATION

DAILY
PHOTOSYNTHESIS
AND RESPIRATION

(g.C/m3)

[ =g
P

) 2r=2S
.06 - .12

Figure 2.--Average rates (March to December 1964) for daily phytoplankton gross photosynthesis and
respiration in grams of carbon per cubic meter for Core Sound and adjoining embayments. Photo-
synthesis measured at 50 percent surface illumination.

8



ATLANTIC
OCEAN

CAPE LOOKOUT
RESPIRATION _

DAILY

PHOTOSYNTHESIS

AND RESPIRATION
(g.C/m.2)

L b2
B2 ]
M 25- 5
Co] 12 - .25

.06 - .12

Figure 3.--Average rates (March to December 1964) for daily phytoplankton gross photosynthesis and
respiration in grams of carbon per square meter for Core Sound and adjoining embayments. Photo-

synthesis measured at 50 percent surface illumination.

9



suspended matter because photosynthesis was
greater in warm weather and concentrations
of chlorophyll and suspended matter were
correlated.

The standing crop of zooplankton was esti-
mated from quantitative samples obtained with
a Clarke-Bumpus net at 8 of the 35 stations.
Aside from occasional concentrations of
ctenophores and large medusae, the plankton
was pre-eminently copepods, Larvae of benthic
invertebrates were present throughout the
year but formed a substantial fraction of the
total volume only in early summer. The vol-
ume of zooplankton (exclusive of ctenophores
and large medusae) varied irregularly over
the area studied and, averaged over the en-
tire area, fluctuated irregularly during the
year (table 1), The highest value occurred

Table l.--Average values per square meter for net phytoplankton
photosynthesis and zooplankton standing crop and respiration in
Core Sound and adjoining North Carolina embayments, 1964

Phytoplankton Zooplankton Respiration/
1 photosynthesis
S Photosynthesis Standiog Respiration
8 crop
1964
i Mg. C/day Ml. . Clda Percent
Mar. | 111 0.083 0.38 0.9
Apr, | 111 . 080 .40 16
May ‘ 197 L1173 .89 45
June 273 .257 1,49 . %
July-Aug. 310 022 o | 04
Sept. l 220 . 066 . 1. .16
Oct. | 118 . 051 » B8 19
Nov, | 85 . 139 . 58 .68
Dec. l 61 - 042 .18 .30

in June when larvae of benthic invertebrates
were most abundant and the lowest in July
when larvae still were plentiful, The mean
standing crop per unit volume was similar to
that previously observed in the Beaufort Chan-
nel and somewhat below that observed else-
where along the coast. Because of the shallow-
ness of the water, the standing crop per unit
area was one or two orders of magnitude
below that found in the ocean,

We estimated the organic carbon required
to support the zooplankton population by as-
suming that the common copepod, Acartia
tonsa, was representative of all the zoo-

plankton and that respiratory rates of A, tonsa

taken from the Cape Cod Canal were similar
to those found in North Carolina, The results
(table 1) indicated that between 0,04 percent
and 1 percent of the net phytoplankton produc-
tion was sufficient to support the zooplankton.
These data suggest that in the areas studied
the supply of phytoplankton never limited the
production of zooplankton and that the grazing
of zooplankton never controlled the abundance
of phytoplankton. It is likely that zooplankton
is comparatively unimportant in the estuarine
food chain and that the chief grazers on
phytoplankton are menhaden and benthic filter
feeders.
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Exchange of Zinc Between Estuarine Water
and Sediment

The exchange of zinc between sea water
and sediment controls the distribution and
retention of radioactive zinc entering estuaries
and other shallow embayments, Experiments
were made to determine the influence of
season and sediment type on the rate of
exchange, Experimental procedures partially
simulated natural conditions, Sea water and
cores of sediment were collected at four
locations in a nearby estuary, North River, At
the laboratory, battery jars containing the cores
and sea water were immersed in running sea
water in an outdoor tank, The sea water in the
battery jars was stirred without disturbing the
sediment, These procedures maintained the
cores and overlying water at temperatures
approximating those in the estuary but exposed
them to greater illumination and less agitation
than was present in the estuary, Rates of
exchange of zinc between water and sediment
were measured by following the disappear-
ance of zinc 65 added to the water, Thus far,
we have measured rates of exchange three
times during the year, i.e., at three tempera-
tures and levels of insolation,

Under these experimental conditions, time
of year had more effect on the rates of zinc
exchange than did sediment type (table 2).

Table 2,--Initial rate of disappearance of zinc 65 from 15 cm,
(centimeter) depth of estuarine water over sediment cores
collected in 1964 from North River near Beaufort, N, C,

Loss per hour
Date Temperature Sond
Muddy andy
Sand Ooze
1964 - s
. Percent | Percent | Percent | Perceat
June 24 28 7 8 11 9
Aug, 31 28 7 10 12 14
Nov. 16 18 i - | 2.6 2.8 1.9

Exchange rates in all the sediments were at
least threefold greater in June and August at
280 C, than in November at 18° C, In con-
current experiments the sediment types had
not more than twofold variation among their
average rates of exchange, In firm sediments,
the rate of exchange consistently increased
with an increase in mud and a decrease in
sand, whereas the soft flocculent ooze from
the head of the estuary yielded erratic re-
sults,

Although it is obvious that season was a
more important variable than sediment type in
these experiments, differences between estua-
rine and battery-jar environments preclude
the conclusion that sediment type is unim-
portant in nature. During the experiments,
heavy films of algae and other microflora



covered all the solid surfaces in the battery
jars, These coatings over the sediments,
rather than innate similarity among the sedi-
ments, may have produced the similar rates
of zinc exchange. Because physical processes
are not markedly altered by small changes
in temperature, the effect of temperature may
arise from changes in the metabolic rate of
the microfloral coatings.

Algal Culture

Since abundance and species composition of
phytoplankton often regulate the production of
aquatic animal life, techniques to control
phytoplankton populations would be useful in
biological research and aquaculture. Such
techniques would assist inmaintaining uniform
conditions in mnatural habitats used for ex-
perimental purposes and would facilitate the
mass production of algae needed for large-
scale rearing of filter-feeding organisms.
During the past year, two aspects of this
problem were explored: the replacement of
the natural phytoplankton by a desirable exotic
species, and manipulation of the environment
to induce dominance by a desirable native
species,

The effect of simple modifications of the
environment on the growth and maintenance
of desirable algal populations was tested with
a number of factorial experiments. (A de-
sirable algal species possesses three features:
small size, lack of toxicity, and an ability to
remain in suspension with minimal agitation.)
The factors tested were salinity, illumination,
rate of harvest, and type and amount of
fertilizer.

The experiments indicated that only two of
the factors tested, fertilization and rate of
harvest, were important, and that similar
conditions served to maintaindesirable species
regardless of whether these were exotic or

3]

native, Fertilization of estuarine water with
1.0 mg. (milligrams) K2HPO4 and 44,8 mg,
NaNOj3 per 1. (liter) produced heavy growths
of algae. Ammonia and urea also were ac-
ceptable sources of nitrogen, Addition of trace
metals with or without chelators gave no con-
sistent benefit, The reduction of oceanic salin-
ities to 20 p.p.t. (parts per thousand) was not
detrimental, and in some cases may have been
beneficial, Within broad limits illumination was
unimportant; partial shading of the cultures
did not eliminate growths of benthic algae,

The key factor to production of desirable
phytoplankton appeared to be rate of harvest
because the features making a species de-
sirable were associated with rapid cell divi-
sion, Small species tend to have higher rates
of cell division than large species, and small
(nonmotile) cells tend to stay in suspension
longer than large cells, Toxic forms like
dinoflagellates were wusually large, slowly
dividing cells. Daily harvest of a large per-
centage of the culture prevented multiplica-
tion of slowly dividing species and encouraged
dominance by desirable, small, rapidly divid-
ing species. Removal of half the culture each
day maintained an exotic flagellate, Dunaliella,
for 2 mo. (months) and naturally occurring,
small diatoms for several weeks, despite con-
stant dilution with unfiltered sea water,

The major unsolved problem is controlling
the growth of attached algae in cultures in
which the sea water overlays a layer of
sediment, Under these simulated natural con-
ditions, most of the phosphate (as shown by
tracer experiments) and presumably some of
the nitrate added to the water was sorbed by
the sediment, This diminished the nutrients
readily available to the plankton and placed
the benthos in a favorable position, Possibly
this problem would not occur in a pond 1 to
2 m, deep, for the phytoplankton might shade
out the attached algae.



RADIO-ASSAY

Claire L. Schelske, William D, C, Smith,
and Jo-Ann Lewis

Research continued on measurement of ex-
isting levels of fallout radioactivity in the
marine environment, In general the amount
of radioactivity decreased during the year,
as was expected from the cessation of nuclear
weapons testing and from the decreased
amounts of fallout, With the decrease in
amounts, the composition of the radioactivity
changed because of the decay of shorter lived
components,

For example, Spartina and sediments were
two types of samples that contained relatively
large quantities of zirconium 95-niobium 95
(half-life 65 days) in 1963, In 1964, however,
these radionuclides were no longer present
(fig. 4). The cesium 137 (half-life 30 yr. (year))
and manganese 54 (half-life 300 days) in
samples collected in 1963 were masked by
the relatively large amount of zirconium 95-
niobium 95, but were obvious when these
samples were recounted in 1964 after the
zirconium 95-niobium 95 had decayed through
several half-lives. In the samples collected
in 1964, zirconium 95-niobium 95 had de-
cayed to levels that did not interfere with
detection of the cesium 137 and manganese 54.

Biological Indicators

We also continued our studies of biological
indicators of radioactivity in the environment,
i,e.,organisms thataccumulate relatively large
quantities of radionuclides in the environment,
These were discussed in last year's annual
report and are marsh mussels (Modiolus
demissus), hard clams (Mercenaria mer-

cenaria), oysters (Crassostrea virginica), and
bay scallops. This year we found no orga-
nisms that are more suitable as biological
indicators than these filter-feeding mollusks,

Oysters and bay scallops are biological
indicators of fallout radioactivity., Oysters
concentrate zinc 65, and scallops concentrate
manganese 54, In 1960, as much zinc 65 as
60 pc./g. (picocuries per gram) were found in
oysters collected from Willapa Bay, Wash,
(Perkins, Nielsen, Roesch, and McCall, 1960),
This value is a thousandfold greater than that
for oysters collected at the same time from the
Thames River, Conn, (Fitzgerald, Rankin, and
Skauen, 1962)., The larger amount in the West
Coast oysters was due, of course, to the reactor
wastes flowing down the Columbia River from
Hanford, Wash., and, therefore, was not un-
expected; however, we have found more than
100 pc./g. of manganese 54 in kidneys of the
bay scallop. The kidney concentrated 100
times more manganese 54 than any other
tissue (table 3) and contained about 75 percent

of the manganese 54 present in the soft parts
of the organism, Less than 10 percent of the
manganese 54 was in the adductor muscle,
the portion commonly eaten in the United
States., Oysters collected at Beaufort con-
centrated zinc 65, but in amounts that were
about 100 times less than the manganese 54
in scallops. Scallops were, therefore, a much
more sensitive biological indicator of fallout
in the estuarine environment,

Because scallops are for most purposes
the best biological indicator, we began experi-
ments to answer questions about their biology.
Among these were experiments on rates of
feeding, growth, and respiration for different
size groups. These measurements are needed
to evaluate the overall importance of this
species in the economy of the estuary and
to better understand why this species is a
biological indicator,

Manganese 54 in Scallops

The manganese 54 in scallop kidneys aver-
aged about 100 pc./g. or 50 pc./scallop during
1964 and was unchanged in January 1965
(table 3), These amounts were at least three
times greater than those found in samples col-
lected in January 1963, This great increase
during 1963 is evidently correlated with the
increase in manganese 54 fallout during the
summer of 1963 (Perkins, Nielsen, and
Thomas, 1964), It is somewhat surprising that
the manganese 54 had notdecreased by January
1965 (table 3) when the amounts of fallout were
undoubtedly much less than those of 1963, Col-
lection of these data will be continued to deter-
mine how long the present levels of manganese
54 will be maintained in scallops.

Table 3.--Distribution of manganese 54 in bay scallops
collected near Beaufort, N. C. Values are
the average * standard deviation

Samples Manganese 54 | Manganese 54
Pc. /g. Pc. /animal
Jan. 1963 (8)
Kidneys 30.8"% 503 T30 =306
Dec. 1963-June 1964 (15)
Liquid 28,5 .22 1,8 .98
Mantle w25k 15 0.82 £ ,32
Gonads .44 £ .30 1.0 % .50
Gills .48 £ ,27 1.6 + .89
Muscle .83 £ .36 5.5 % 3.0
Visceral mass Lab a5 3.8.%.2.2
Kidneys 970 140 49, %, 32
Jan. 1965 (8)
Kidneys 128 + 35 52 £+ 71

L Number in parentheses = number of samples,
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Mechanism of Manganese 54 Accumulation :

Data on stable-element content are needed
to calculate specific activity, The reactor
facilities at North Carolina State College were
used to determine from activation analysis the
amounts of stable manganeseinscalloptissues.
These results explained why scallop kidneys
contained so much manganese 54--kidneys
concentrated at least 100 times more man-
ganese than did the other tissues, providing a
large manganese pool for accumulation of
manganese 54 (table 4). The kidney was about
0.1 percent manganese, based on wet weight.
The differences in specific activities of these
tissues indicated that the manganese 54 ac-
cumulated by scallops was not in equilibrium
with the stable manganese in the environment,

Analyses of 200-1, samples of sea water
also indicate that scallops accumulated fall-
out manganese 54 from a 'high specific ac-
tivity source.'" The specific activity in sea
water samples collected during the summer
of 1964 was less than the specific activity
of visceral mass and kidney (table 4), indi-
cating that the manganese 54 was in insoluble
particles of relatively high specific activity.

To explain the difference in specific ac-
tivity among tissues (table 4), we concluded
that scallops accumulated manganese 54 from
fallout before it was exchanged and equilibrated
with stable manganese in the environment,
We know that fallout is particulate and rela-
tively insoluble in sea water. Scallops selec-
tively filtered either fallout particles contain-
ing manganese 54 or organisms that had
selectively accumulated fallout particles. The
radionuclide, in either case, was available to the
scallop as a particle with a higher specific ac-
tivity than would be predicted from the amount
of stable manganese and manganese 54 in the
water, This would then explain why scallops
accumulated more manganese 54 than did
other filter-feeding mollusks. It is also possi-
ble that, among these filter feeders, only scal-
lops mobilized the particulate manganese 54.

The unexpected amounts of manganese 54
in scallops pose an interesting and previously

Table 4.--Comparison of manganese 54, stable manganese, and
specific activity in tissues of bay scallops collected near
Beaufort, N. C., from December 1963 to June 1964,
Concentration in tissues based on wet weights

Tissues Manganese 54 Stable manganese Specific activity

Pc./g. ug. /8. Pe. /ug.
Mantle 0.25 3.87 0.065
Gills .68 8.37 .057
Muscle .83 2.28 .364
Visceral mass 1.4 3.88 . 361
Kidneys 97 983 .099
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overlooked question concerning maximum per-
missible concentrations, What is the specific
activity of a particular radionuclide when it
enters the food chain? It is possible that this
specific activity, and not the specific activity
calculated from the amount of stable element
in the environment, is needed for accurate,
predictions of maximum permissible con-
centrations in the biota, This is not a sig-
nificant consideration if the entering radio-
nuclide is rapidly exchanged with a stable
element; however, a radionuclide with a rela-
tively high specific activity could enter the
environment in an insoluble form, as par-
ticulate fallout, If the radionuclide in this
particle were adsorbed or ingested by an
organism and then mobilized, the specific
activity in the organism would approach that
of the original material--especially if this
element were a conservative trace element
with a long biological half-life and a small
concentration in the environment, Under these
conditions, the specific activity of the trace
element available to an organism would be
many times greater than the specific activity
for the environment as a whole. The organism
consequently would accumulate more radio-
activity than the amount predicted for the
environment as a whole.

We determined the content of gamma radio-
activity for sediment samples collected by
K. O. Emery from the Atlantic Continental
Shelf and Slope. These measurements when
completed will provide data on the gamma
radioactivity of the sediments for the Atlantic
coast of the United States. Such data are
valuable as the basis for determining future
changes or lack of changes in sediment radio-
activity.

These sediment samples from the shelf and
slope, in contrast to those collected in the
estuaries near Beaufort, contain very little
gamma radioactivity attributable to fallout.
This low level may be explained partially
by the samples being collected with a large
grab, so that they contain a smaller amount
of surface sediment than if they were col-
lected with smaller gear, It is also likely
that the quantities of particulate fallout may
be less offshore, where the particulate mate-
rial is diluted by larger volumes of water
and is not concentrated as it is in estuaries;
volumes of water in estuaries are smaller
relative to the sediment surface area, and
there is more sedimentation., Preliminary re-
sults indicate that the gamma radioactivity,
due primarily to naturally occurring radio-
nuclides, is positively correlated with the
clay, combined silt and clay, and nitrogen
content of the sediments,



BIOGEOCHEMISTRY PROGRAM

Douglas A, Wolfe, Chief

The Biogeochemistry Program was
organized to provide the laboratory with the
facility for analytical chemical studies of the
elemental composition of sea water, marine
sediments, and marine organisms. Such studies
are necessary for a complete understanding
of the cycling of radionuclides through various
components of the estuarine environment. The
full potential of this program has not been
realized because of the current employment
ceiling and the lack of funds for necessary
instrumentation. Of the currently available
tools for trace elemental analysis, atomic
absorption spectrophotometry appears most
practical and applicable to the needs of the
laboratory. The rates of routine analysis
possible with this instrumentation will in-
crease and broaden the research capacity of
the entire laboratory. We will apply this
method to elemental analysis of sea water,
sediments, and marine organisms when funds
become available. Interim plans involve the
continued use of wet chemical methods and
the use of atomic absorption instrumentation
at North Carolina State University.

The Biogeochemistry Program is now co-
operating with the Experimental Environments
Project in the continued study of adsorption-
exchange relations of radionuclides between
sediments and sea water. In shallow estuaries,
radioisotopes undergo rapid exchange with
elements adsorbed on the sediments. Because
most elements are present in the sediments
in far greater concentrations than in water,
the rate of exchange between the sediments
and sea water probably limits the amounts
of radionuclide available to the biota. We hope
to learn the effects of various environmental
factors, such as pH, salinity, temperature,
and turbulence, on the equilibrium distribution
of selected radionuclides between sea water
and different types of marine sediments. With
this information, we should be able to predict
the behavior of the radionuclide in a desig-
nated pollution area before contamination. By
varying the chemical and physical states of
introduced radionuclides, we can select con-
ditions resulting inmaximum sediment adsorp-
tion of isotopes. That is, the equilibrium dis-
tribution of the isotope should be rapidly
reached, and yet the release of the isotope
to the water should be slow. The sediments
would then act as a natural reservoir for
radionuclides in instances of acute pollution,
making the isotopes relatively inaccessible
to the biota. Results of previous studies are

1'5

reported under the Experimental Environments
Project,

Another object of the Biogeochemistry Pro-
gram is to describe the biochemical composi-
tion and metabolism of marine organisms
important as food to man., The increased use
of our oceans as dumps for industrial wastes,
including effluents of nuclear power plants,
makes it important for man to know how his
food organisms interact with pollutants, A
thorough knowledge of the biological and bio-
chemical characteristics of each food orga-
nism is essential for evaluation of the possible
effects of radioactive pollution on man,

We designed a preliminary experiment to
test the feasibility of using carbon 14 tracers
to demonstrate the metabolic pathways by
which Crustacea convert plant sterols and
carotenoids to the forms generally found in
animal systems, Animals are unable to syn-
thesize carotenoids, but are able tometabolize
dietary carotenoids to produce characteristic
animal compounds, such as astaxanthin, and
it is becoming increasingly apparent that
insects and crustaceans are also unable to
synthesize steroids., Cholesterol and
astaxanthinare widely distributed in Crustacea,
but the metabolic sequences of the production
of these compounds are unknown,

To qualitatively demonstrate that Crustacea
metabolize plant sterols and carotenoids, com-
mercial shrimp, Penaeus sp., were fed for
10 days a culture of phytoplankton, Carteria,
which had been previously incubated for 10 days
with carbon 141labeled bicarbonate, The shrimp
were homogenized and lyophilized. The shrimp
solids were extracted for 24 hr. (hours) in
a soxhlet apparatus with chloroform-menthanol
(2:1)., The extract was saponified in 15 percent
KOH in 90 percent methanol for 4 hr. under
reflux, We removed the nonsaponifiable lipid
and obtained a crude separation of sterol by
cooling to -12° C. the nonsaponifiable lipid
dissolved in methanol. The precipitate was
filtered off in the cold, and a qualitative
Lieberman-Burchard test showed it to con-
tain steroid. Carotenoid light absorption was
detected in both the filtrate and the fatty
acid fraction obtained after saponification.
The absence of sharp absorption maxima in-
dicated that oxidation of the carotenoid had
occurred, probably during extraction or
saponification,

In order to determine radioactivity of the
samples, a diethyl ether solution of the lipid
was evaporated on a weighed aluminum



planchet, and the planchets were reweighed.
The radioactivity of the thin film of lipid was
counted with a low-background gas-flow de-
tector. The four fractions analyzed--soluble
nonsaponifiable lipid (carotenoid), insoluble
nonsaponifiable lipid (steroid), fatty acids, and
nonlipid residue--all contained radioactivity.
The nonlipid residue was counted as a fine pow-
der at infinite thickness (0.087g./cm.2) (grams
per square centimeter), Although the lipid
fractions contained muchless radioactivity than
the nonlipid residue, the specific activity of the
nonsaponifiable lipid was appreciable (roughly
two-thirds that of the fatty-acid fraction), It
appears therefore that the metabolic pathways
by which shrimp manufacture cholesterol and
astaxanthin from plant precursors could
readily be studied by a careful fractionation
of shrimp steroids and carotenoids after feed-
ing carbon 14 labeled phytoplankton, This
work will require equipment currently un-
available at the Bureau's Radiobiological Lab-
oratory: a rotary vacuum evaporator for re-
moval of solvents, thin-layer chromatographic
equipment for qualitative purity tests, and,
ideally, a liquid scintillation spectrometer for
counting radioactivity.

A study of zinc metabolism in the American
oyster, is now underway. Zinc accumulation
by oysters has been the object of much study
discussed in previous annual reports from
this laboratory. Zinc is stored primarily
in the gills, mantle, and labial palps of the
oyster; the digestive system and adductor
muscle contain progressively less, respec-
tively. Wide seasonal fluctuations in the zinc
content of oyster tissues corresponded to
the variation in zinc content of sea water at
Beaufort, and may be related to the usual
increases in salinity during the summer. The
metabolic implications of this variation are
not known, Zinc is complexed with the protein,
carbonic anhydrase, whose activity is re-
quired for carbonate deposition in the shell
of the mollusk, but the literature provides
no further details as to the storage, transport,
and excretion mechanisms of zinc metabolism
in the oyster. The impending rise in zinc 65
pollution from increased nuclear reactor ac-
tivity along our coastline makes the study
of zinc metabolism in oysters essential,

In the current study we will attempt tolearn
the distribution and movement of zinc within
the oyster. Oysters will be dissected into
various tissue fractions, and the tissues frac-
tionated into nuclear, mitochrondrial, micro-
somal, and cytoplasmic fractions. Zinc con-
centrations of these subcellular fractions will
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be determined by atomic absorption spec-
trophotometry, Soluble proteins will be frac-
tionated by gel diffusion chromatography in
order to separate and purify zinc-binding
proteins., In other experiments, oysters will
be permitted to accumulate zinc 65, We should
be able to trace the movements of the isotope
through the various tissues, subcellular par-
ticulates, and soluble protein fractions by
performing the fractionations at selected time
intervals after the introduction of the zinc 65,
We are currently working out the methodology
for these procedures,

When oyster extracellular fluid (blood) was
chromatographed on a small column of dextran
gel, no significant protein fractionation was
apparent (fig. 5). Protein was estimated by
absorption at 280 mu., The peak at fraction
number 15 probably consists of short peptides
and free amino acids because other small
molecules completely held up on the column
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