What is stable isotope geochemistry?
Stable isotope geochemistry is an interdisciplinary science
that uses the natural abundance patterns of different forms
of elements, called stable isotopes, to determine how earth
materials are formed and modified in environmental settings.
Of the elements that have multiple stable isotopes, there is
usually one isotope that is most common while all others
are relatively rare. It is the natural distribution of these rare
and common isotopes that provides insights into the origin
and flow of elements in environments and ecosystems.
Stable isotope distributions are not random, but rather are a
consequence of reactions governed by the laws of physics.
Consequently, stable isotope distributions can be predicted
in nature, providing researchers with a powerful tool that
allows the isotopic ratios characteristic of environmental
compounds to be used to determine their origins.
The most important stable isotopes to display natural
abundance variations are those of relatively low atomic mass
(amu < ~40). Hydrogen, carbon, nitrogen, oxygen, and sulfur
are biogeochemically active elements that commonly display
relatively wide ranges in natural abundance patterns. These

elements also participate in almost all of the important
physicochemical and biological reactions that occur in
nature.

Environmental research at the SRS that utilizes
stable isotope geochemistry
The Savannah River Site (SRS) contains polluted areas that
must be remediated to levels that pose negligible human and
ecological health risks. Since cleanup can be expensive, it is
important to determine which sites represent the greatest
health risk. Remediation costs can be lowered by
demonstrating that natural processes are reducing the level
of contamination in any specific site. This process, called
natural attenuation, occurs at almost all contaminated sites,
but it is a viable alternative only for those sites where
contaminants are converted to nontoxic forms in a realistic
time frame.
Harmless by-products of natural attenuation reactions may
not be readily distinguished from natural environmental
compounds. For example, chloride may occur naturally or
from degraded trichloroethylene (TCE). Even when it is
clear that components are derived from pollutants, the rates
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Aerial view of the D-Area Coal Pile Runoff Basin (CPRB), one of the sites
on the SRS where stable isotope geochemistry is providing information
important to remediation efforts.
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Illustration of groundwater contamination at D-Area as a result of metalrich waters leaching from a coal pile and a nearby catchment basin.

at which by-products are formed are often difficult to
determine.

Tracing contaminant pathways through ecosystem
food webs

Stable isotopic analyses of environmental pollutants and their
by-products provide an unambiguous measure of natural
attenuation. The unique isotopic fingerprint of many
compounds allows for the source and fate of contaminants
to be traced and transformation rates to be determined.

The stable isotope
signature of organisms may be used
to trace the flow of
contaminants
through food webs
of terrestrial and
aquatic ecosystems. In particular,
the process of contaminant “biomagnification” can be
documented and this information can be used to identify
target species that are especially sensitive to particular
contaminants in polluted environments.

Ground water contamination at D-Area
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