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Bioaccumulation of Emerging and Legacy Contaminants
Problem: Persistent organic pollutants (POPs) are of concern to health officials worldwide because of their toxicity, their tendency to accumulate in human and animal tissue, and their persistence in the environment. DDT and chlorinated dioxins are two better-known examples of POPs whose toxic properties have long been recognized. In contrast, little is known about the environmental occurrence, distribution, and mobility of relatively new classes of emerging contaminants such as polybrominated diphenyl ethers (PBDEs), widely used in fire retardants and perfluorinated compounds, (PFCs), fluorine-containing chemicals used to make materials stain resistant. PBDEs have a chemical structure similar to PCBs and dioxins, known carcinogens. Both PBDEs and PFCs tend to accumulate in human and animal tissue and are suspected to have estrogenic effects on animals and fish. These and other compounds bypass wastewater treatment and readily adsorb onto solid particles of soil and sediment, which serves as a major contaminant sink in aquatic environments. Many of these compounds are known to bio- or pseudo bio-accumulate due to chronic exposure. In addition biomagnification is seen in top avian aquatic predators such as eagles and cormorants that have accumulated the greatest concentrations of PFCs when compared to other lower trophic level bird species. Also, concentrations of PBDEs measured in fish, marine mammals and people from the San Francisco Bay region are among the highest in the world, and these levels appear to be increasing (McDonald 2003). Other legacy contaminants such as organochlorine pesticides are no longer used in agriculture in the US but because of their persistence in the environment and their extensive use in the past in both agricultural and urban settings, continue to be detected in air, precipitation, soil, sediment, and biota. Estuarine systems have little assimilative capacity for pollutants so synthetic toxic compounds can accumulate and persist for long periods of time, posing a long-term danger to marine food webs as well as significant public health risks. Exactly how many POPs affect ecological and human health is still unknown.

Objectives: The objectives are to 1) determine the occurrence, accumulation, and transport pathways of POPs such as PBDEs and PFCs from both point (sewage treatment, outfalls) and non-point sources (urban run-off). 2) map the environmental factors that affect their distribution, bioavailability and bioaccumulation. 3) determine how these compounds enter the food web and move through the environment and biosphere in space and time.  4) determine how these compounds interact with people and biology. 
Work strategy: Identify watershed sources of POPs, including low-lying agricultural lands and estuarine environments subject to flooding and sea level rise. Describe transport and depositional pathways to the nearshore. Sample bed sediment and resident aquatic biota to determine the accumulation of POPs. Investigate chemical, physical, and environmental factors conducive for aquatic exposure and the biologic uptake of POPs. Partner with the health science community to translate the bio-accumulation of mixtures of POPs in wildlife to human health and help link health policy to scientific data.

Relevance: The proposed work will provide information necessary for addressing strategic goal 2 of the USGS science plan regarding public health effects from environmental contamination. An understanding of important sources and transport pathways of POPs to the nearshore and mechanisms of biologic uptake will allow coastal zone managers to design and implement plans to protect coastal water quality and minimize inputs of POPs to the marine food web.  

Collaborators: USGS WRD; USGS BRD; Health Science Community

Technology: Rapidly expanding analytical techniques utilizing GC/MS/MS and LC/MS/MS (tandem mass spectroscopy) as well as novel in situ membranes for field sampling.
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