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Organic Matter Composition of Sediments in Nearshore Coastal Habitat: Past and Present Sources of Organic Carbon and Implications for Ecosystem Restoration 
Problem: There is an increasing national sentiment to restore nearshore habitat. Efforts to successfully manage and restore neashore coastal ecosytems require characterization of the carbon associated with sedimentary organic matter (SOM) at present as well as an understanding of how carbon composition and delivery to the neashore have changed in response to human activities over decadal to century time scales. Anthropogenic contaminant loading is a component of SOM and its detrimental effects are relevant to ecosystem health and function, waste management, ground water resources, and human health. An understanding of the fate and effects of various classes of organic matter (OM) including contaminants is needed for decision-makers to successfully manage diverse and valuable aquatic ecosystems. The proposed work will use a suite of isotopic and molecular tracers and chemical analyses to characterize OM associated with sediments representing past and present conditions in neashore coastal ecosystems. 

The objectives of this study are to: (1) provide a thorough analysis of aquatic, in-situ and terrigenous sources of SOM, including the occurrence of organic contaminants, deposited within key ecosystem sub-habitats at present; (2) assess the reactivity (or biological usefulness) of SOM within these sub-habitats,  (3) use chemotaxonomic indicators to characterize modern microbial diversity and biomass within the ecosystem and changes linked to contaminant distributions, and (4) use biomarker profiles in sediment cores to determine how human activities have altered temporally the composition of OM, and to correlate changes in the microbial community structure with the present and historical inputs of anthropogenic contaminants. 

Our work strategy will utilize a suite of molecular and isotopic tools for assessing present and past sources of OM to nearshore systems in surface sediment and sediment cores. In addition, we will add a number of new classes of biomarkers and emerging contaminants to provide us with a more thorough assessment of organic matter composition, such as amino acids in order to develop a “reactivity” index for SOM, pigments to complement source information in phytoplankton community structure, and lignin phenols to examine terrigenous sources of carbon with greater resolution. Also, we will determine the radiocarbon ages of TOC and biomarkers to increase our ability to evaluate the biological value of various organic carbon sources. The radiocarbon information combined with biomarkers will increase our ability to apportion sources of SOM using a mass balance approach. Recent advances in the measurement of molecular stable isotope compositions of selected source-specific compounds can reduce complexities inherent in bulk analyses and provide further insight for constraining OC source. Contaminants represent a specific sub-class of SOM and an important component in this study is to examine the relationship between toxic contaminants and the diversity of the microbial community at the base of the food web and implications for potential bioaccumulation and human health.

Relevance: This study will address the needs of nearshore restoration programs to identify OC sources and predict the effects of proposed restoration strategies on OC availability and usefulness to organisms living within nearshore habitats. We will identify specific compounds or groups of compounds that can be used to provide the simplest and best measure of SOM sources and quality. Sediments provide an important reservoir of information about ecosystem conditions in the historical and geological past. As sediments are deposited, information about chemical constituents in the overlying water column and at the sediment surface as well as depositional conditions is recorded. In many cases, sediments provide the only source of information about past conditions. As such, the sediment record can be an important source of information for examining past conditions in the nearshore and its watershed, evaluating how human activities have affected carbon flow in the past, and predicting the outcome of proposed restoration strategies.

The proposed work will provide information necessary for addressing strategic goals 1 & 2 of the USGS science plan regarding the development of techniques for managers to use in managing, protecting, restoring, and evaluating ecosystems and public health effects from environmental contamination.

Collaborators: Universities, USGS BRD, USGS ESP, Health Science community, 

Technology: Compound specific isotope measurements; new analytical techniques; new instrumentation
