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ABSTRACT °E89 013056

Plutonium-238 fro:n the U.S. Department of Energy's Savannah River Plant labels riverborne
particles, providing a unique opportunity for examining the fate of metals in estuaries and
for tracing river-ocean exchange processes. Results indicate that plutonium and lead-210 are
enriched on estuarine panicles and that inputs of plutonium from oceanic sources greatly
exceed inputs from riverborne or drainage-basin sources as far upstream as the landward limit
of seawater penetration. We suggest that these radionuclides (and other chemically reactive
metals) are being scavenged from oceanic water by sorption onto particles in turbid estuarine
and coastal areas. Since estuaries, bays, mangroves, and intertidal areas serve as effective
traps for fine panicles and associated trace substances, these results have important
implications concerning the disposal of chemically reactive substances in oceanic waters.

INTRODUCTION

Although there is a general understanding of the processes that affect the fate of chemically
reactive or particle-reactive metals in estuarine systems (ref 1-2), it has been very difficult to
quantify these processes because (1) metal source terms are diffuse and poorly defined, (2)
transport in association with panicles usually involves numerous episodes of deposition and
resuspension over long periods of time, and (3) a complex suite of physical and
biogeochemical interactions takes place when fresh water mixes with seawater. In this study,
we show that the plutonium isotopic composition (activity ratio of ""Pu to a'2H*Pu) on
suspended panicles in the Savannah River is different than that of oceanic (fallout)
plutonium. and we have used this difference to examine the fate of chemically reactive metals
at the river-ocean interface.

LOCALITY AND METHODS

The Savannah River Plant (SRP), located about 256 km upstream from the mouth of the
Savannah River (along the southeastern coastline of the United States), is the principal
plutonium production facility for the U.S. Department of Energy. Mean concentrations of
^""Pu and ̂ u in surface soils and sediments on the SRP reservation are 83 mBq/g and
18 mBq/g, respectively (ref 3). The resultant mean ^Pu-to-239-2*^ ratio is about 0.22. but
ratios as high as 3.3 have been measured in some SRP stream sediments (ref 3). These
ratios are significantly higher than the 2MPu-to-239iM0Pu ratio in fallout from atmospheric testing
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of nuclear weapons (ref 4) and the ratios that have been measured in coastal sediments along
the eastern United States (ref 5-7). This suggests that the 238Pu-to-239-2*'Pu ratio can be used
to distinguish riverbome versus marine materials transported into The Savannah River estuary
and to trace processes affecting the fate of metals at the land/ocean interface.

The dissolved and suspended particulate distribution
of plutonium ( ^ u and 239-M0Pu) was measured in six
large-volume (850-L) water samples collected along
the salinity gradient of the Savannah River estuary
and has been compared with the distribution of two
naturally occurring radionuclides, excess lead-210
(110Pb-ex) and beryUium-7. Suspended particulate
matter was removed from these samples by
continuous-flow centrifugation. Dissolved plutonium,
;wPb-ex, and 7Be were concentrated and removed
from the water phase by coprecipitation with
Fe(OH),. Radionuclide concentrations on the
suspended matter and in the water phase (Fe(OH),
precipitate] were analyzed separately, following
procedures presented elsewhere (ref 8-9).

RESULTS AND DISCUSSION

A plot of the concentrations of '"Pu, 23RI*Pu,
lloPb-ex, and 7Be on suspended particles as a
function of salinity and location within the Savannah
River estuary is illustrated in Figure 1. The main
points of this illustration are that (1) Savannah
River particles are tagged with elevated levels of
^ u (Fig. 1A) originating from the U. S.
Department of Energy's SRP, (2) Savannah estuary
particles are enriched in 3MWPu (Fig. IB) and 2WPb-
ex (Fig. 1C) by about a factor of 3 relative to their
respective concentrations on riverborne particles or
suspended matter in the surface ocean, and (3) the
concentration of short-lived 7Be on estuarine
suspended matter is depleted rather than enriched
relative to riverborne and surface ocean particles
(Fig. ID). The concentration of mvopu in the
"dissolved" or water phase is also illustrated in
Figure IB. The particle-to-water sorption ratio for
3M40Pu is about 1 x 105 and is similar to respective
ratios measured for ^Pu, 210Pb-ex, and 'Be (ref 10).
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Fig 1. A plot of the concentrations of ^ P u ,
23fj4O?u, excess 2t0?b (^"Pb-ex), and 7Be on
suspended particles as a function of salinity and
location within the Savannah River estuary. The
large-volume water sample collected near the U.S.
Department of Energy's Savannah River Plant
(SRP). was collected from (he river bank. All
other samples were collected aboul 2 meicrs
below the water surface from the boal.

The ratio of ^Pu to ^ • P u on suspended particles
in the Savannah River is about 0.4 (Table 1). This
ratio is significantly higher than the 2MPu-to-239M0Pu
ratio in fallout (0.05), in oceanic waters, and in
sediments along the eastern coastline of the United States (ref 11). The 238Pu-to-mMIPu ratio
on suspended particles abruptly decreases to about 0.13 at 2 ppt salinity (Table 1). Since our
data do not indicate any differential behavior between ""Pu and m240Pu, this decrease implies
that riverborne plutonium (as far upstream as 30 km from its mouth) is diluted (by more



than 75%) with plutonium from marine sources. In the estuary, the y8Pu-to-aM*Pu ratio on
both the suspended matter and surface sediments is similar to the ratio in fallout and on
panicles in the adjacent shelf environment (Table 1). This is conclusive evidence that the
plutonium presently enriching estuarine particles (Fig. IB) comes from marine sources rather
than riverborne sources. We suggest that either dissolved plutonium is being directly
removed from oceanic water by sorption onto particles within the estuary or that coastal
panicles (containing marine plutonium) are being transported landward along the bottom of
the shelf and upstream in the estuary. Since the ratio of excess :ioPb-to-a9>!40Pu is relatively
uniform on suspended matter throughout the Savannah River-estuary-shelf system (Table 1),
it would appear that most of the il0Pb-ex on estuarine particles (Fig. 1C) also comes from
marine sources,

TABLE 1

RADIONUCLIDE RATIOS ON SUSPENDED PARTICLES
IN THE SAVANNAH RIVER ESTUARY'

SAMPLE SURF SUSP PART. Pu-238 to Pb-210ex to Be-7 to
SALINITY CONC

(ppt) (mg/L) Fu-239,240 Pu-239,240 Pb-210ex

S-#301 Fresh 7.5 0.32 ± 0.05 115 ± 27 3.9 ± 0.9
S-0101 Fresh 21.9 0.43 ± 0.08 225 ± 45 2.2 ± 0.4
S-0107 2.1 16.4 0.13 ± 0.02 205 ± 45 1.1 ± 0.1
S-0102 14.5 19.0 0.05 ± 0.01 145 ± 18 1.1 ± 0.1
S-0116 24.6 22.2 0.04 ± 0.01 130 ± 17 1.2 ± 0.1
S- HH8 32.5 0.9 0.07 ± 0.02 165 ± 36 3.6 ± 0.8

SURFACE SEDIMENT

(0-4 cm) 14.5 Sediment 0.05 ± 0.01 165 ± 22 0.4 ± 0.1

* Errors for the radionuclide ratios are propagated ± 1 sigma counting errors.

In contrast to -10Pb and mM0Pu, the concentration of short-lived 'Be (53.3-d half-life) is
depleted on suspended particles in the Savannah estuary (Fig. ID). Since the particle-to-
water sorption ratio for 7Be is similar to respective sorption ratios for 2l0Pb and a924Opu (ref
10), this depletion of 7Be implies that the process responsible for enriching ^"^pu and
210Pb-ex on estuarine panicles is a relatively long-term one and does not reflect short-term
processes such as coagulation of dissolved radionuclides during freshwater and seawater
mixing, or changes in particle characteristics (composition or grain size) during transport
through the estuary. We suggest that plutonium. 210Pb. and 7Be are being continually
removed from the oceanic water phase by sorption onto particles in turbid estuarine and
coastal areas. This removal probably occurs over long time periods (years) as bottom
sedimentary materials undergo repeated episodes of deposition and resuspension. Sorption
onto resuspended sediments would enrich the concentration of long-lived a w*Pu and :ioPb-ex
on estuarine particles (Figs. IB and 1C) and, at the same time, would dilute the
concentration of short-lived 7Be (Fig. ID) by resuspending older bottom materials that have
been depleted in 7Be by radioactive decay.



SUMMARY AND IMPLICATIONS

In summary, the input of plutonium and 2l0Pb-ex into the Savannah estuary via landward
transport from marine sources greatly exceeds the input of these two radionuclides via river
discharge from drainage-basin sources. We suggest that these radionuclides are being
scavenged from oceanic water by sorption onto particles in turbid estuarine and near-shore
shelf areas. Since other chemically or particle-reactive trace substances may also be
scavenged from oceanic waters by sorption in turbid coastal areas, it is important to quantify
the magnitude of this process in models that simulate the transport and biogeochemical fate
of river inputs to the ocean. In addition, these results are consistent with earlier work along
the coastlines of England (ref 12) and France (ref 13) and have important implications for
the landward transport of chemically reactive substances disposed of in coastal waters.
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DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the
United States Government. Neither the United States Government nor any agency
thereof, nor any of their employees, makes any warranty, express or implied, or
assumes any legal liability or responsibility for the accuracy, completeness, or use-
fulness of any information, apparatus, product, or process disclosed, or represents
that its '••?-• would not infringe privately owned rights. Reference herein to any spe-
cific commercial product, process, or service by trade name, trademark, manufac-
turer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Government or any agency thereof.
The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof.


