mass spectrometer and reported as §3C
9) with an analytical precision of ap-
proximately + 0.2 per mil).

The 8*C values of eight subsamples
taken from the hydrothermal vent mus-
sel tissues range from —32.7 to —33.6 per
mil, with an average value of —33.2 per
mil (Fig. 1). These values are strikingly
lower than a compiled range of §'*C from
a wide variety of littoral, pelagic, and
bathypelagic organisms from temperate
oceans and also lower than values re-
ported for major reservoirs of organic
carbon in the marine environment in-
cluding dissolved, particulate, and sedi-
mentary organic matter (Fig. 1). The
813C values of the two Mytilus species
from different littoral environments are
within the range for marine organisms
utilizing photosynthetically derived or-
ganic carbon (Fig. 1) and give no evi-
dence that mytilid mussels fractionate
carbon isotopes to an unusual extent.
The lower relative abundance of '*C in
the tissues of the hydrothermal vent
mussel by comparison with other marine
organic carbon is thus evidence that the
primary food source of this organism is
not photosynthetically derived. This re-
sult supports suggestions by other inves-
tigators (/) that chemoautotrophic bac-

teria may be an important food source
for the hydrothermal vent communities
of the Galdpagos Rift zone.
GRrReG H. Rau

College of Forest Resources, University
of Washington, Seattle 98195

Joun 1. HEDGES
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Seasonal Cycling of Cesium-137 in a Reservoir

Abstract. Studies of a reservoir in the southeastern United States show that ce-
sium-137, introduced into the system from a leak in a nuclear fuel element, cycles
between the water and sediment on a seasonal basis. The cycling, which coincides
with the annual periods of thermal stratification in this monomictic lake, has been

occurring for over 10 years.

Considerable research effort over the
past several years has been devoted to
determining the environmental chemis-
try of ¥7Cs. Studies have shown that
137Cs introduced into a watershed is at-
tached to soil particles, which are re-
moved by erosion and runoff (/). Some
of the eroded soil particles comprise the
sediments of the catchment basins in the
watersheds and act as ‘‘sinks’’ for ¥"Cs
(2). Because of the high distribution co-
efficients of ®’Cs even in areas of dif-
fering soil-sediment type (3) and the al-
most irreversible fixation of this element
in clay interlattice sites in freshwater en-
vironments, it is unlikely that this nu-
clide will be removed from these sedi-
ments under normal environmental con-
ditions except by exposure to solutions
of high ionic strength such as estuarine
environments ¢).

Thus far, all the studies of '3’Cs inter-
action with solids have been conducted
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either with tracer or fallout **’Cs except
for that of Simpson et al. (5) who dealt
with low-level reactor releases in an es-
tuarine system. The results of these stud-
ies have been extrapolated to predict the
environmental fate of *Cs derived from
the operation of nuclear reactors in
freshwater systems. However, the re-
lease of low concentrations of ¥’Cs from
an experimental reactor fuel element at
the Savannah River Plant, South Caroli-
na, in 1957 has made it possible for us to
study the environmental chemistry of
this material during the intervening 12-
year period and to compare it to that re-
ported for 3"Cs from other sources.
Lower Three Runs Creek, on the site
of the Savannah River Plant (Barnwell
County) was dammed in 1958 to provide
cooling water to two production reactors
(P and R). The impoundment was com-
pleted in 1960 to form Par Pond (Fig. 1),
an 1100-ha reservoir with a maximum
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depth of 16 m and a capacity of 6.8 X
101° liters. Chemical and physical mea-
surements of the system have been com-
piled regularly since 1965 (6). The pond
is thermally stratified from April through
October and well mixed from November
through March. During thermal strati-
fication, the hypolimnion becomes in-
tensely anoxic with ferrous iron being
dissolved from the sediment and in evi-
dence throughout the hypolimnion. Con-
centrations of dissolved iron range from
0.02 part per million (ppm) in the epilim-
nion in the winter to more than 10 ppm in
the hypolimnion during the height of
stratification. The flux of iron from the
sediments is so great during this strati-
fication period that the concentration of
dissolved iron in the surface waters in-
creases about fourfold (7).

The R reactor area discharged small
quantities of *’Cs into the Par Pond sys-
tem from 1954 until 1964 §), due princi-
pally to the rupture of an experimental
fuel element during testing in 1957. Ini-
tially the releases were to Lower Three
Runs Creek until Par Pond was im-
pounded in that portion of the watershed
in 1958.

Studies of the 3’Cs concentration in
Par Pond water have been carried on by
three groups of researchers since 1960.
The first studies were initiated by the
Health Physics. Environmental Mon-
itoring Group at the Savannah River
Plant. Cooling water pumped from Par
Pond to the reactors has been monitored
for 37Cs. The pumping station’s intake is
located at a depth of 6 m, which is in the
epilimnion of the pond. Water taken
from the influent stream has been com-
posited for a week to give a 1-liter total
water sample which was analyzed for
137Cs (9). The intake water has been
monitored in that manner since 1960. In
the second set of tests, from 1965 to
1968, J. S. Marshall sampled a station in
the deepest area of the pond (Cold Dam
station) on a monthly basis at depths of
1, 5, 10, and 15 m. These samples were
analyzed for ¥’Cs in cooperation with
the Health Physics Group (10). Finally,
during the period from March 1976 to
February 1977 water samples were taken
seasonally and with depth at the station
occupied by Marshall in 1965 through
1968 and from two depths at a station in
the bay of Par Pond (Hot Arm station)
which currently receives thermal efflu-
ent (11).

The results of the monthly sampling
from July 1965 through July 1968 demon-
strate that '¥’Cs concentrations in Par
Pond water followed a seasonal cycle
(Fig. 2). Elevated '*"Cs concentrations
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were observed at all depths from early
summer until autumn. The concentra-
tions drop to their lowest values during
winter. This cycle mimics closely the
cycle of thermal stratification observed
in Par Pond (6, 7). In addition, the deep
water samples have higher *’Cs concen-
trations than the surface waters during
the periods of anaerobiosis in the hypo-
limnion, whereas the surface and deep
waters show only minor concentration
differences during the periods of isother-
mal mixing in the pond. These concen-
tration gradients suggest that 13°Cs is re-
leased to the water column from the sedi-
ments coincident with the dissolution of
ferric oxides and then removed to the
sediments when mixing introduces oxy-
gen into the water column, hence caus-
ing reprecipitation of hydrous ferric
oxides.

The '3"Cs concentrations in water sam-
ples taken between March 1976 and Feb-
ruary 1977 (Fig. 3) confirm the observa-
tions that ®*’Cs is cycling in the water
column and that significant concentra-
tion gradients occur during the period of
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Fig. 3. Water concentrations of '¥’Cs at two
stations in Par Pond. Numbers above the bars
in the histogram are water depths in meters.
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stratification. The similarity between the
concentration profiles at the two stations
indicates that the process is not an isolat-
ed phenomenon at the deep station but
occurs over the entire pond. The dif-
ference in concentration between the
two stations during August 1976 may be
indicative of dilution of the surface wa-
ters in the Hot Arm by water from reac-
tor operations and concentration of sur-
face waters by evaporation during sur-
face flow toward the Cold Dam.

In addition to the fact that *’Cs con-
tinues to show a seasonal cycle in Par
Pond over 10 years after having been in-
troduced into the system, the overall
concentration of *’Cs in the pond water
is lower during 1976 through 1977 than
1965 through 1968, however, apparently
only by a factor of about 2 for surface
waters. Examination of the yearly *’Cs
concentrations in surface water (Fig. 4),
as determined by averaging the weekly
collections at the Pump House station,
shows the trend of surface water concen-
trations for the pond’s history. The high
concentrations for the years 1963 and

1964 (Fig. 4) agree with the releases of
37Cs (83 and 47 Ci, respectively) for
those years (8). In addition, the data sup-
port the surface water concentrations re-
ported for 1965 through 1968 and 1976
through 1977 with their twofold concen-
tration difference (/2). Finally, the data
show that most of the ¥’Cs introduced
into Par Pond rapidly left the water col-
umn (/3). Within 3 years, the annual av-
erage surface water concentrations of
137Cs returned to the values observed pri-
or to the large inputs of 1963 through
1964 and have been maintained at those
concentrations until the present. The
slight decline in surface water concentra-
tions beginning in 1971 through 1972 ap-
pears to be real. However, the cause is
not understood at this time.

The seasonal cycling of '3’Cs observed
in Par Pond apparently has been contin-
uing over the past 12 years. However,
the mechanism of the cycling remains
unknown. The fact that the ¥’Cs cycle
closely follows the annual cycle of ther-
mal stratification in the pond indicates
that intense anoxic conditions may be an
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important factor in its cycling. However,
neither stable cesium in a montane lake
which undergoes reduced oxygen con-
centrations (/4) nor ¥’Cs and stable ce-
sium in a hypereutrophic lake which un-
dergoes intensely anoxic, hypolimnetic
conditions (/5) show indications of a sea-
sonal cycle. Cycling of '*"Cs coincident
with thermal stratification has been re-
ported in Lake Michigan (/6). However,
this cycling is apparently controlled by
particulate transport and resolution in
the water column well above the sedi-
ments. Hypolimnetic water in Lake
Michigan does not become anaerobic
over the vast bulk of the lake area, and
137Cs  concentrations are constant
throughout the year in the deeper wa-
ters. This cycling observed in Lake
Michigan and the mechanism controlling
it are quite different from the case of in-
tense anaerobiosis encountered during
thermal stratification in Par Pond. More-
over, the cesium source terms in all the
examples except Par Pond were either
tracer material or fallout and weathering
products rather than a nuclear fuel ele-
ment. Because of the apparent anoma-
lous behavior of '3’Cs in Par Pond and its
relevance to the nuclear fuel cycle, fur-
ther studies are required to define the
cause of the *"Cs cycling and the avail-
ability of this material to the biota of the
system.
JAMES J. ALBERTS
Savannah River Ecology Laboratory,
Drawer E, Aiken, South Carolina 29801
LAURENCEJ. TILLY
TORGNY J. VIGERSTAD
Savannah River Laboratory,
Savannah River Plant, Aiken
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Biological Control of Dissolved Aluminum

in Seawater: Experimental Evidence

Abstract. Experimental evidence supports the hypothesis that the concentration
and distribution of dissolved aluminum in ocean water are controlled by biological
activity in the surface waters. The growth of the diatom Skeletonema costatum in
artificial seawater media spiked with aluminum reduced the aluminum concentration
to that actually found in surface open ocean waters (about 0.5 micrograms per liter).
Furthermore, aluminum had a catalytic and limiting effect on the growth of the dia-

toms.

The concentration of dissolved Al in
surface open ocean waters is less than 1
ug/liter (/). The mechanisms that main-
tain this low concentration are poorly
known. In the past it has been assumed
that the seawater Al concentration was
the result of thermodynamic equilibria
between the water and various alumino-
silicate minerals (2). Several investiga-
tors attempted to reproduce these ob-
served seawater Al concentrations either
by the dissolution or precipitation of alu-
minosilicate minerals in aqueous solu-
tions or by the adsorption of dissolved Al
onto various types of suspended parti-
cles (3). However, in these experiments
equilibrium concentrations of dissolved
Al below 1 pg/liter were not obtained.

Recently, it was suggested that the dis-
solved Al concentration in the oceans is
controlled by biological activity. Mac-
kenzie et al. (4) observed a depletion of
dissolved Al in the photic zone of the
Mediterranean Sea parallel to an ob-
served depletion in dissolved silica. This
covariance was thought to be due to bio-
logical uptake of Al and Si by siliceous

organisms. They concluded that ‘‘the
silicon and aluminum cycles in the
oceans are linked through the activity of
diatoms”’ @, p. 680). Van Bennekom and
van der Gaast (5) identified authigenic
smectites regularly distributed in the
frustules of diatoms collected at sea. Le-
win (6) suggested that Al and Fe are nec-
essary to the formation of diatom frus-
tules because the adsorption of these cat-
ions onto the silica frustules renders
them resistant to dissolution.

To verify the hypothesis that dissolved
Al concentrations in surface open ocean
waters can be related to the activity of
diatoms, I carried out culture experi-
ments using the diatom Skeletoriema
costatum, a common neritic species,
grown in an artificial seawater culture
medium spiked with dissolved Al. The
Al concentration in the medium was
monitored during the development of the
culture; even in a medium to which 25
pg/liter had been added, the dissolved Al
concentration was reduced to less than 1
ug/liter during the growth of the diatoms.

The basic culture medium used in the
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