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Statement of critical regional or state water problemsto be addressed by the
project, including explanation of need for resear ch:

This proposa will provide the capability to determine both short-lived (223Ra, and
224Ra) and (226Ra, 228Ra) long-lived radium tracers as GSO?URI. These isotopic
tracerswill be used in field work over the next severd yearsto quantify rates of
groundwater discharge and associated nutrients and contaminants and congtrain recharge
rates in southern Rhode Idand. Results from the proposed research can be used to
conbstrain and validate models of groundwater flow, provide information on the role of
groundwater in coasta eutrophication and non-point source pollution, and contribute to
the effective management of coastd waters.

Nature, Scope and Objectives of Resear ch

Submarine groundwater discharge is asignificant but poorly quantified source of new
nitrogen (particularly nitrate) to the shalow coastd laggons and embayments typical of
the east coast of the United States (Lee and Olsen, 1985; Giblin and Gaines, 1990;
Vdidaet d., 1990, 1992). Nutrient concentrations in groundwater are often several
orders of magnitude higher than those of estuarine receiving waters (Lee and Olsen,
1985; Giblin and Gaines, 1990), and there is now convincing evidence for sgnificant
input of groundwater to the coastal zone (Bokuniewicz, 1980; Sewell, 1982; Capone and
Bautista, 1985: Bokuniewicz and Pavlik, 1990). Groundwater qudity can be rapidly
compromised by individua on-site waste disposal systems, particularly in sandy coastdl
sediments, and a close correlation exists between population density and groundwater
nitrate concentrations in a number of communities (Johannes, 1980; Nixon et d., 1982,



Sewdll, 1982; Persky. 1986; Giblin and Gaines, 1990). The implication isthat a
sgnificant, though poorly congtrained, input of dissolved nutrients (and contaminants) to
coastal watersheds may occur via this submarine transport mechanism.

A key question is the magnitude and seasond variability of submarine groundwter
discharge (SGWD) on aregiond bass and itsimpact on the ecology and
biogeochemidtry of coastal waters.

One of the mgor difficulties in quantifying the magnitude of SGWD is the diffuse nature
of the source term. Conventional methods of estimating groundwater input to the coastal
zone generdly rely on interpolation between ste specific individua measurements made
a asngle point in time. These techniques do not adquatdly quantify the large-scale,
diffuse, nature of SGWD to the coastal zone and do not provide an integrate measure of
SGWD on aregiond scale.

The overdl objective of this proposd isto quantify the input of groundwater and
associated chemicals (nutrients, contaminants) to southern Rhode Idand sdt ponds and
coastd waters using the naturaly occuring radionuclide tracers 223Ra ( t1/2 = 11.4 days),
224Ra (t1/2 = 3.6 days), 226Ra (t1/2 = 1600 years) and 228Ra (t1/2 = 5.7 years). These
radionuclides typically have higher activitiesin groundwaster than in coastdl seaweter,
which makes them useful tracers of the groundwater sgnam(Moore, 1996; Rama and
Moore, 1996; Scott and Moran, 1998) Measrements of the distribution of these tracersin
groundwater, coastal salt ponds, sediment pore water, and adjacent shelf waters can be
used to provide an integrated measure of submarine groundwater input on aregiona

basis. In addition, the differing ha-lives of these tracers provide information on both

annud times-scales (226Ra. 228Ra) and short-term "event driven” tempord varations
(223Ra, 224Ra) in SGWD to sat ponds and coastal waters.

Over the past two years, the Pl and graduate student Meg Scott have determined 226Ra
tracer estimates of groundwater input to coastal ponds in southern Rhode Idand (Moran
and Scott, 1998). This proposa would expand on this groundwater research by
developing the cgpability for Ra-223 andysis at GSO/URI.

Specifically, the Pl presently has the capability to determine the tracers 224Ra, 226Ra
and 228Ra (Scott, 1998). However, analysis of the short-lived 223Raisotope require a
delayed coincidence detection system recently developed by Dr. W. S. Moore at the
University of South Carolina (Moore and Arnold, 1996). As discussed by Moore (1997)
the combination of 223Ra and 224Ra, specificaly the 223Ral224Ra activity ratio,
provides a powerful tracer method of estimating the age of groundwater and mixing rates
in coastal waters.

The objectives of the proposed research are to:
1. deveop a223Ratracer andytical capability to assess the impact on sat marsh

hydrology and ecology of nutrient input via groundwater and exchange with
coastal waters.



2. quantify seasond changes in the magnitude of groundwater input on a regiona
bass to southern Rhode Idand sat ponds using a combination of 223Ra, 224Ra,

226Ra and 228Ra tracers.

Results from the proposed research can be used to constrain and vaidate models of
groundwater flow, provide information on the role of groundwater in coastal
eutrophication and nor+point source pollution, and contribute to the effective
management of coastd waters.



