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Synopsis:

Chemicals are ubiquitous in coastal environments; they biomagnify in food webs and can pose health risks to ecosystems, aquatic animals, and humans from exposure to polluted waters and seafood. A variety of emerging contaminants of concern (ECCs) are increasing in ocean environments and are not well regulated, including stain- and stick-resistant materials used in pan coatings and fabrics, flame retardants used in furniture and electronics, polycyclic aromatic hydrocarbons from fossil fuels, pharmaceuticals and personal care products, and common-use pesticides mixtures. ECCs are widely used in industry, homes, and vehicles and on lawns and are released into watersheds through runoff, discharges, emissions, atmospheric transport, and aquaculture. In this symposium, an interdisciplinary panel of U.S. and Canadian scientists from academia, state, and federal governments presents the latest research on the direct and indirect effects of ECCs on ocean and coastal ecosystem health and sentinel species to elucidate potential implications for global ocean and human health. This session highlights some of the first documented effects of ECCs on marine species such as sea turtles and marine mammals, unexpected insights from human-like functional responses in endangered fish and biomedical models, effects of estrogen-based pharmaceuticals and other hormone-disrupting chemicals on the reproductive health of freshwater and marine fish, and describes the latest class of unmonitored "emerging" ECCs showing up in the ocean.
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Abstract:

Thousands of potentially toxic chemical compounds are continually discharged into freshwater and marine environments without monitoring of their fate and biological effects. Some industrial compounds, such nonlyphenol and bisphenol A, are endocrine disruptors that can disrupt the hormone systems of aquatic animals. But the aquatic fate and effects of many chemicals, including numerous pharmaceuticals and personal care products (PPCPs) is largely unknown. Understanding the impacts of emerging contaminants on ecosystem health is essential for making effective environmental management decisions. Without this knowledge, regulatory agencies and industry cannot determine what types of monitoring and pollution control programs are needed. Data on emerging contaminant impacts on coastal marine waters are especially needed, as these areas receive large contaminant inputs and contain valuable ecosystem resources already under stress from other pollution sources and human activities. We investigated the exposure and effects of emerging contaminants on the hornyhead turbot (Pleuronichthys verticalis), a common flatfish in the coastal waters of southern California. Over one billion gallons of treated municipal wastewater are discharged into the region every day through four large ocean outfall systems. Biological effects were measured at multiple levels (gene expression, hormones, reproduction, and population characteristics) and compared to chemical concentrations in effluent, water, sediment, and fish tissue. A wide variety of PPCPs (e.g., tranquilizers, antibiotics, fragrances, anti-inflammatory agents) flame retardants and industrial compounds were present in wastewater, receiving water, and fish liver samples. Several indicators of endocrine disruption were detected in fish from the same locations. These included the presence of the egg yolk protein vitellogenin in up to 90% of the male turbot, unusually high estrogen concentrations in males, and an impaired production of the stress hormone cortisol. The effects were generally widespread and could not be attributed to any specific discharge location. Higher-level effects on gonad condition, reproductive cycle or gender ratio were rarely found, suggesting that these hormone changes had limited impacts on hornyhead turbot populations. This study is one of the most comprehensive investigations of emerging contaminant exposure and effects in coastal waters. These findings indicate that aquatic life are exposed to a wide variety of emerging contaminants, even after 100 to 1000-fold dilutions of wastewater effluent in the ocean. The magnitude of impact of this exposure on populations is still uncertain, however. Effects on fish survival and reproduction may be masked by variations due to fish movement, complex life histories, and competing stressors such as legacy pollutants and ocean climate changes.
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Abstract:

Women taking the birth control pill excrete synthetic estrogen in their urine; this estrogen is not always completely broken down during municipal wastewater treatment or it is released directly into rivers in untreated sewage. Fish populations downstream of these wastewater discharges are exposed to estrogen and, as a result, male fish in some rivers in North America become feminized and produce egg proteins (vitellogenin or VTG) or eggs in the most severe cases. Despite widespread evidence for the feminization of male fish in rivers receiving sewage discharges, it has not been documented whether these estrogen discharges were affecting the ability of the males to reproduce, and thus affecting the sustainability of the population. To address this question, a whole-lake study was done for 7 years at the Experimental Lakes Area in northwestern Ontario, Canada to determine whether the estrogen used in birth control pills (ethinylestradiol; EE2) could affect reproduction of the fish and the organisms that these fish eat. The estrogen was added continuously over 3 summers (2001-2003) to achieve concentrations that have been measured in municipal wastewaters (5-6 ng/L or parts per trillion); shortly after the additions began, male fish in this lake started producing egg proteins and female fish were stimulated to produce up to 115x more VTG than is normal. In addition, sperm and egg development in both the male and female fish were delayed, and male fish of one species (pearl dace, Margariscus margarita) started producing eggs after only 4 months of exposure to this estrogen. In the second summer of additions (2002), the shortest-lived fish species in the lake, the fathead minnow (Pimphales promelas), stopped reproducing and this lead to a near extinction of the minnow from the lake (loss of > 99% of population). However, this population recovered 3 years after the EE2 additions stopped (2006), indicating that once estrogens are removed from waters, fish numbers can rebound. The longer-lived species we studied (pearl dace and lake trout (Salvelinus namaycush)) also declined in numbers in 2003 and 2004 (in the second and third summers of estrogen additions). Their populations declined by 86 and 30% for the dace and trout, respectively, but did not decrease as dramatically as was seen for the fathead minnow. Results from our whole lake experiment showed that the estrogen in birth control pills that is released into freshwater environments reduces the abundance of fish, especially those species with a shorter lifespan. These smaller, short-lived fish are important in the diets of the larger sports fish and any effects on their abundance will ultimately affect top predators and the health of freshwater ecosystems. Chronic inputs of estrogens to our rivers and lakes pose a risk to the sustainability of wild fish and, for this reason, it is critical to reduce or eliminate inputs of these compounds into waters through effective municipal wastewater treatment.
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Abstract:

The coal miner's canary is the classic animal sentinel, used to recognize an immediate threat to human safety. While this is the most common connotation of the animal sentinel concept, many investigators have advocated research on wild animals to identify more insidious threats to human health. Here we provide an example of how studies on the impacts of chemical pollution on ocean resources identify a previously unrecognized human health threat from a ubiquitous class of pollutant. Polycyclic aromatic hydrocarbons (PAHs) derived from fossil fuels are among the most abundant pollutants on the planet. PAHs are a complex family comprising hundreds of compounds containing two to six fused benzene rings. The health effects of high molecular weight PAHs (e.g. benzo[a]pyrene with five rings) were recognized a century ago, when certain cancers were linked to workers' exposure to chimney soot or coal tar. PAHs containing fewer than four rings were found to be noncarcinogenic and remain relatively unstudied by the biomedical community. However, a different view of these compounds came from the 1989 Exxon Valdez oil spill in Prince William Sound, Alaska. The spill contaminated spawning grounds for two key resources, Pacific herring and pink salmon, ultimately leading to the recognition that fish embryos are exquisitely sensitive to PAHs abundant in crude oil. Thus, as far back as the early 1990s, these sentinels were sending a signal about the toxicity of oil, which unlike coal tar, contains only trace amounts of high molecular weight PAHs. From a human health standpoint, the meaning of this signal was unclear until now. To systematically decipher the toxic components of crude oil, we turned to zebrafish, a model system developed for biomedical research. Our analysis of PAH toxicity in zebrafish showed that fish embryos exposed to oil succumb to the cardiovascular effects of PAHs containing three rings, such as phenanthrene. Over the last decade, a remarkable degree of evolutionary conservation among vertebrates was revealed by developmental genetics, much of it carried out in zebrafish. Thus the candidate molecular targets for three-ring PAHs are highly conserved between fish and human hearts. But are humans exposed to these compounds in any way analogous to an oil spill? When petroleum products are burned, PAHs in the emissions mirror those in the fuel, and compounds such as phenanthrene are the most abundant PAHs in the air. There is now an emerging link between ambient urban air and human cardiovascular disease, but the primary toxic components of urban air remain elusive. Our analysis indicates that phenanthrenes in airborne sources are bioavailable and likely to be toxic to the human heart when inhaled, and should be considered prime suspects in the cardiovascular impacts of urban air. By tuning in to the signal sent by a fisheries resource after an oil spill, we are now discovering previously unknown pathways of PAH toxicity that may pose a global environmental health risk to humans in regions where air quality is bad and getting worse.
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Abstract:

Understanding how chemical mixtures impact the health of humans and wildlife is one of the most important and complex challenges in modern toxicology. This is particularly true for the hundreds of different pesticides that are currently in use. Pesticides are specifically intended to kill, repel, or regulate the growth of biological organisms. The release of these chemicals into the environment has been an enduring source of public concern since Rachel Carson authored Silent Spring more than 40 years ago. To date, the risks associated with pesticide exposure have typically been evaluated on a chemical-by-chemical basis. However, pesticides often occur as complex mixtures in the environment as well as the food supply for society. The cumulative toxicity of a given mixture might simply be equal to the sum of the toxicities for each component pesticide. Alternatively, pesticides might interact to either diminish or enhance the overall toxicity of the mixture. The question of whether pesticides in mixtures are additive, antagonistic, or synergistic is becoming an increasingly important consideration for aquatic species. For example, wild salmon and steelhead are declining throughout many regions of the western United States, and several populations are now listed as either threatened or endangered under the U.S. Endangered Species Act. Water quality monitoring has shown that salmon habitats are widely contaminated with pesticides that originate from urban, suburban, and agricultural land uses. This includes mixtures of organophosphate and carbamate insecticides. Individual organophosphates (e.g., diazinon, malathion, and chlorpyrifos) and carbamates (e.g., carbaryl and carbofuran) are known to be neurotoxic to both fish and humans. For juvenile coho salmon, we found the neurotoxicity of mixtures of these chemicals to be either additive or synergistic, with a greater degree of synergism at higher exposure concentrations. Moreover, animals died when exposed to combinations of organophosphates at concentrations that were sublethal in single chemical trials. Insecticides in mixtures therefore pose a significantly greater threat to salmon health than previously anticipated from conventional, single-chemical risk assessments. These findings highlight the importance of unexpected synergistic interactions between common pesticides. The underlying causes for enhanced neurotoxicity in salmon are not yet known, and additional research in this area is needed to protect endangered species and to more accurately define potential threats to public health.
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Abstract:

The unique properties of perfluorinated compounds (PFCs) make them useful as stain- and stick-resistant materials used in non-stick pan coatings, fabric stain repellants, microwave popcorn bags, and as fire-fighting foam and in some cosmetics. PFCs are resistant to breakdown and are turning up in unexpected places around the world and in humans and marine wildlife. Because they are persistent, bioaccumulative, and can be toxic to the liver, reproductive, developmental, and immune systems of laboratory mammal species, it is important to examine PFC concentrations and potential effects in wildlife. Examining this threat in endangered or threatened species is especially crucial, because chronic exposure to environmental contaminants can exacerbate other threats, such as disease or decreased reproduction due to habitat destruction. We measured PFCs in plasma of threatened loggerhead sea turtles captured along the southeastern US coast. PFC concentrations had surpassed PCBs, were higher in turtles captured farther north than south, and were well within the range of PFC concentrations measured in the general human population. These findings indicate that PFCs have become a dominant contaminant and that the Carolinas might be a hotspot for exposure. Since sea turtles and humans have overlapping concentrations, our risks might also be similar, assuming equivalent potencies and sensitivities to PFC effects. We found that the turtle PFC concentrations were significantly correlated with several plasma chemistry health indicators and with two assays of immune function. One particular correlation with a liver enzyme suggested liver toxicity, which is a known PFC effect. Effects on the immune system have been less studied in laboratory mammals, but these correlations in sea turtles suggest that at least one immune function (plasma lysozyme activity) is suppressed which could lead to a higher risk of disease. We also observed similar effects in a reptilian model species, the Western fence lizard, after exposure to perfluorooctane sulfonate (PFOS) at similar concentrations found in the sea turtles. These findings suggest that current environmental PFC exposure, at concentrations similar to human exposure, may cause health impacts in marine wildlife. These studies, as well as recent studies on marine mammals, are the first to look at the effects of PFCs on marine animal health.
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Abstract:

Although environmental chemists have had great success over the past 40 years in identifying and quantifying persistent (P) and bioaccumulative (B) chemicals, only a small fraction of the organic chemical substances commerce have been thoroughly assessed for P and B characteristics and even fewer have been measured in environmental media. Of particular concern are those substances that are P, B and toxic (PB&T) and that have characteristics of persistent organic pollutants (POPs) as defined by the Stockholm Convention. Such chemicals can accumulate in aquatic and terrestrial food webs and be transported from urban use areas to remote regions. Recent examples are perfluorooctane sulfonate (PFOS) a component of “Scotchgard” stain repellent which has reached elevated concentrations in polar bears, and brominated diphenyl ether (PBDE) flame retardants which are found at high levels in humans and wildlife world wide. With more than 30,000 organic chemicals in wide commercial use (>~1 t/y), plus their possible degradation products, the task of screening these chemicals has to rely on computer models that relate molecular structure to chemical properties. Many agencies (including US EPA, Environment Canada, European Chemical Bureau) and research groups have been screening the existing chemicals in commerce as well as newly developed chemicals. We have screened a list of 22,000 substances assembled from the USEPA Toxic Substances Control Act (TSCA) inventory and the Canadian Domestic Substances List (DSL), as well as lists of high production volume chemicals. The list represents most of the medium and high production volume chemicals in commerce in North America as of 2002 except for pharmaceuticals and pesticides which are not registered under TSCA. About 19% of the chemicals were predicted to be B while 10% were P based on predicted atmospheric half-lives of >2 days. However, when combined P and B characteristics were considered, and expert judgment was included to check predictions, only about 400 chemicals were selected as possible “new” P and B chemicals. Of the 400, 70% were halogenated (containing bromine, chlorine, fluorine) and 10% were siloxanes (silicon based chemicals) reflecting the generally higher P and B characteristics of these classes of compounds. Are these chemicals or their degradation products actually accumulating in marine food chains and if so are they affecting the health of marine animals? All this remains largely unknown. We estimate that more than 75% of the 400 have never been reported in environmental media and only about 4% are routinely analysed. Many of chemicals we identified are related to PBDEs and other flame retardants and of PFOS stain repellents, and could probably be analysed with existing methodology. Others will require new analytical methods. The task of confirming these predictions and validating new methods is large and resources are limited. In a few cases, new information has emerged confirming some of the predictions and this data will be reviewed in the presentation.

PAGE  
1

