Workshop on Oceans and Human Health: 
a rising tide of challenges and opportunities for Europe

ABSTRACT
Title: The Coast: An under-researched public health resource?
Authors: White, M.P., Depledge, M.H., Pahl, S., & Wheeler, B. 
Institutions: European Centre for Environment and Human Health (European Centre), University of Exeter Medical School, Truro, Cornwall, UK; Department of Psychology, University of Plymouth, Plymouth, UK. 
Background: Although the sea has been feared and respected throughout human history, it has also long been recognized for its potential health related potential in ancient cultures worldwide. In modern times, Dr. Richard Russell in England in the mid-18th Century and practitioners in France and Belgium in the 19th Century led the way in establishing “seaside resorts” as health destinations. In the early days many of the benefits were believed to come from absorbing the salts dissolved in sea water while bathing or even breathing in the “sea air”. In Germany, for instance, huge “Saline” were built far from the coast to allow residents the benefits of breathing sea air in inland Kur towns. More recently there has been recognition of the stress reducing potential of (relaxed) visits to the coast. Since the inception of the “Blue Gym”, we have been using a range of research methodologies, including analysis of large data, experiments, interviews and neuropsychological work to investigate some of these health and well-being benefits from mere exposure to, rather than immersion in, coastal waters. 
Major Oceans and Human Health Issues: Although results to date are encouraging there are two important caveats. First, any benefits are generally very small at the individual level and are probably only meaningful, in a policy sense, at the population level. Second, all of this research assumes a health coast. If the coast is degraded through pollution or overcrowding then any benefits are likely to be undermined. A major programme of research is now needed to investigate how best to maintain the benefits and reduce the risks. 






Title: Get ready for ocean acidification
Authors: Sam Dupont
Institutions: University of Gothenburg, Sweden
Background: Since the beginning of the industrial revolution and the extensive use of fossil fuels, global atmospheric CO2 concentration has increased from 280 to 400 ppm and is expected to double by 2100. The ocean represents a major sink for CO2 and absorbs half of the excess of this gas. Continued uptake of CO2 alters the carbonate chemistry of the ocean and increases the concentration of hydrogen ions, thereby reducing pH, a global phenomenon called ocean acidification. No direct impact on humans is expected. However, an increasing body of evidence suggests that ocean acidification is a major threat for marine species, ecosystems and their services, possibly leading to local species extinctions within a few decades. For example, massive die-offs in wild oyster populations and hatcheries along the US west coast were attributed to the upwelling of acidic waters, exacerbated by ongoing ocean acidification. Despite some gaps in knowledge (e.g. modulating role of ecological interactions, evolutions, multiple drivers, natural variability), it is clear that ocean acidification can have indirect impacts on human health including impacts on seafood quantity and quality, feedbacks on climate, loss for blue innovation, etc.
Major Oceans and Human Health Issues: Ultimately, only the reduction of atmospheric CO2 levels can alleviate the challenges of ocean acidification. What can be done to buy some time (e.g. reduce other human pressures, MPA, adaptation of aquaculture)? Where are the ocean acidification chemical, biological and socio-economical hotspots? 



Abstract

Title: Ocean Medicines: Challenges and opportunities for human health
Authors: Ianora A, Romano G, Lauritano C
Institution: Stazione Zoologica Anton Dohrn, Naples, Italy

Background: Drug discovery from marine natural products is relatively recent with the first marine bioactive compounds isolated in the early 1950s compared to the long-lasting historical development of medicinal compounds from terrestrial sources which dates back to prior to ancient Egypt. Currently there are around 15 marine natural products in various phases of clinical development, mainly in the oncology area, with more on the way. Until now the most common approach to drug discovery has been based on the large-scale screening of metabolites and organismal sources which has led to frequent failure in the attempted discovery and commercialization of marine natural products. Since these programs are not based on a compelling biological or ecological rationale, they are often costly and inefficient. An enhanced understanding of the natural functions, effects, and mechanisms of action of secondary metabolites would provide a biologically-based rationale for the productive development of marine natural products. The possibility of obtaining a sustainable and continuous source of bioactives from microalgae that are more amenable to culturing in enclosed bioreactors compared to many macro-organisms (sponges, corals, molluscs) may be able to meet the challenging demands of pharmaceutical industries. This would enable a more environmentally-friendly approach to drug discovery and overcome some of the bottlenecks such as the over-utilization of marine resources and the use of destructive collection practices.
Major Oceans and Human Health Issues: Can we overcome bottlenecks in the sustainable provision of organisms for drug discovery? Can microalgae be the new generation source of drugs, nutraceuticals and biofuels? Can marine microalgae promote increasing health/wellbeing, economic, and other impacts on human health?


ABSTRACT 
Title: Harmful Algal Blooms (HABs): an increasingly important issue for oceans and human health?
Authors: Enevoldsen, HO.
Institution: Intergovernmental Oceanographic Commission of UNESCO, c/o IOC Science and Communication Centre on Harmful Algae, University of Copenhagen, Denmark.
Background: Algal blooms are exuberant occurrences of microalgae such as dinoflagellates, diatoms, cyanobacteria etc.  Harmful algal blooms (HABs) are occurrences of microalgae that cause harm to people, animals, or the local ecology by producing toxins and/or by inducing hypoxia.  HABs occur in all aquatic environments, including the oceans.  The incidence and geographic range of HABs may be increasing due to global warming and other anthropogenic causes. The primary effects of HABs on humans and other animals are through exposure to toxins produced by the microalgae via water, food chain, and aerosol exposures.  Even low numbers of algal cells often result in seafood becoming unfit for human consumption due to the high potency of algal toxins. In humans and other animals, these toxins can target multiple organ systems (including the nervous system, the liver, the skin, and the respiratory tract).  The toxins can also induce chronic illnesses including long term neurologic disease, tumor-promotion and genotoxic damage.  In addition, there is a well documented impact on economy and ecosystem services.  The IOC of UNESCO is working with observations and data on HAB and other ocean hazards to provide a basis for management decisions and policy for protection of human health.    
Major Oceans and Human Health Issues: Are HABs increasing in incidence and geographic spread? Are HABs having increasing impacts on human and ecosystem health and the economy? Can we prevent, mitigate, and predict HABs? What ocean observations are needed to assess impact of the state of the oceans on human health?



Title: Invasive alien and outbreak forming species are on the increase – why, and what are the health implications?
Authors: Austen MC, Piraino S, Galil B
Institutions: Plymouth Marine Laboratory (PML), Plymouth, Devon, UK; CONISMA, Università del Salento, 73100 Lecce, Italy; National Institute of Oceanography, Israel Oceanographic and Limnological Research, Tel Shikmona,  Israel.
Background: More than 1,000 non-indigenous (alien) marine and coastal species have been recorded in Europe. Most have established self-sustaining populations of long duration, whereas some have been known from ephemeral populations of short duration. Invasive alien species (IAS) are a subset of the established alien species, which have spread, are spreading or have demonstrated their potential to spread elsewhere. Outbreak forming species (OFS) are indigenous species or IAS undergoing pulse-like, short-term (days to few months) exponential population growth. IAS and OFS have an adverse effect on one or more of the following: biological diversity, ecosystem functioning, socio-economic values and human health, where they have invaded or during their outbreak period respectively. Invasive alien and outbreak forming species are on the increase in all seas in response to climate change and human transport via canals (e.g. Suez), aquaculture, ballast water from ships, biofouling from ships and small craft, and increased hard substrate arising from marine infrastructure. Impacts on ecosystems are being documented but can be major.
Major Oceans and Human Health Issues: Impacts on human health are largely seen as negative with examples including consumption of novel but toxic species, venomous stings with acute and chronic effects, and fear of entering the water and engaging with the sea for leisure and recreation. However, some outbreak forming species can bring health benefits as sources of marine food protein and of new pharmaceuticals with metabolites of jellyfish yielding, for example, anti-cancer and antioxidants for disease treatment.



Managing the Health Risks of Environmental Contamination into the Future

Alistair B A Boxall1, John M Balbus2, Richard A Fenske3, Thomas E McKone4, Lauren Zeise5

1 – Environment Department, University of York, UK
2 – NIEHS, USA
3 – University of Washington, USA
4 – Lawrence Berkeley National Laboratory, USA
5 – Californian EPA, USA

Future changes in land use, climate and demographics are likely to alter the degree of human exposure to pollutants and the response of human populations to these exposures, meaning that risks of pollutants could change in the future. The presentation will explore how the different steps in the pathway from a chemical source in the environment through to impacts on human health could change in the future and will evaluate the implications of this for existing risk-assessment and management practices. In certain parts of the world, future changes predicted to increase the level of exposure of many environmental pollutants due to direct and indirect effects on the use patterns and transport and fate of chemicals. Changes in human behaviour will affect how humans come into contact with contaminated air, water, and food. Dietary changes, psychosocial stress, and co-exposure to stressors such as high temperatures are likely to increase the vulnerability of humans to chemicals. These changes are likely to have significant implications for current practices for chemical assessment. Assumptions used in current exposure-assessment models may therefore no longer apply, and existing monitoring methods may not be robust enough to detect adverse episodic changes in exposures. Organizations responsible for the assessment and management of health risks of chemicals therefore need to be more proactive and consider the implications of future changes for their procedures and processes.


Title: Large marine vertebrates as sentinels of toxicological threats in the marine environment:  the connection with human health

Authors: Maria Cristina Fossi, Cristina Panti, Daniele Coppola, Matteo Baini, Matteo Giannetti, Ilaria Caliani, Letizia Marsili, and Silvia Casini 
Institutions: Department of Physical, Earth and Environmental Sciences, University of Siena, Siena, Italy
Background: Recent studied have focused on the potential use of large marine vertebrates (ranging from large pelagic fish, sea turtles, sea birds and cetaceans) in determining the environmental status of pelagic marine ecosystems, especially, but not exclusively, within the Mediterranean Sea. Top predators play a crucial role in maintaining the structure and function of pelagic marine ecosystems. 90% of top predator species have been lost from the World’s oceans. Pelagic ecosystems may undergo collapse when large marine vertebrates are lost. Clearly then, it makes sense to know the status of large marine vertebrates and top predator populations and to instigate mitigation measures for their conservation. The large marine vertebrates can be suggested as sentinels of toxicological threats in the marine environment and the connection with human health, including the application in the MSFD (D8, D9, D10). Several key studies are here presented: large pelagic fish, such as swordfish and tuna, may be useful for monitoring short- to medium-term changes in pelagic ecosystems, while cetaceans odontocetes, such as striped dolphin provided a more integrated view over the long-term and semi-basin scale, finally large filter feeders species such as fin whale and basking shark could represent a wide scale integrator of the ecotoxicological status of the entire Mediterranean basin. 
Major Oceans and Human Health Issues: Can large filter feeders species, occupying the lowest position of the food web, be considered as an early warning of the presence of a mixture of contaminants (and microdebis) in the marine food chain, and consequentially on human health? Can the consumption of  large pelagic fish such as swordfish and tuna may affect negatively the human health? Can the toxicological effect on marine top predators mimic effect on human?


Abstract
Title: The role of economics and valuation in oceans and human health
Author: Caroline Hattam
Institution: Plymouth Marine Laboratory, Plymouth, PL1 3DH, UK

Background
The oceans and the ecosystems they contain affect human health and wellbeing in multiple ways: they provide countless benefits (e.g. food, climate regulation and opportunities for recreation), but also present risks of varying intensity (e.g. exposure to disease agents and storm surges). An ecosystem services approach provides a useful framework for the assessment of the benefits and risks of oceans with respect to human health, as it identifies often unrecognised links between ecosystems and human health and wellbeing. These links can be direct (e.g. through the consumption of seafood), mediated through the environment (e.g. through recreation) or indirect (e.g. through livelihoods or coastal development). 
Through the ecosystem service framework, as well as more traditional public health approaches, a number of tools can be used to assess and value how the ocean affects human health from an economic perspective. Two groups of techniques, revealed preference and stated preference methods, are mainly used to examine direct and mediated effects. They can be applied to the valuation of environmental risk factors as well as the benefits to health derived from the marine environment. Alternatively, modelling approaches can be used to explore multiple effects between, for example, changing coastal economies, ecosystem state and human health, although relatively little work has been undertaken in this area. 
Major issues for oceans and human health: How do the benefits that individuals and society obtain from the ocean relate to human health and wellbeing? How are marine ecosystem dynamics linked to human health and wellbeing? Many of the economic tools mentioned are rarely applied to the health benefits obtained from the ocean. Many valuation studies require primary data collection, which can be expensive and time demanding.
 


Title: Blue carbon: The role of healthy ecosystems in maintaining coastal carbon stores.

Author: Hilary Kennedy

Institution: School of Ocean Sciences, Bangor University, Wales, UK

Background: Blue carbon describes the carbon captured by coastal wetlands, such as tidal marshes, seagrass meadows and mangroves. These ecosystems have a near-global presence on tropical and temperate coasts and combined, cover approximately 49 million hectares. Some of the carbon is stored in the plants, but most is found accumulating in the underlying soils. As a consequence, coastal wetlands act as efficient carbon sinks, contributing up to 50% of the total organic carbon captured by the oceans. In the terrestrial environment, soil carbon storage typically reaches a limited, saturated state, but in coastal ecosystems the soils continue to accumulate and the stock of carbon continues to increase as soils build-up over time. Despite the benefits and services coastal ecosystems provide, an estimated 0.3 to 1 million hectares is being destroyed each year. Degradation and loss of coastal wetlands can shift them from being a net carbon sink to a source of CO2. Recent estimates have suggested that the CO2 generated could equate to 10% of all CO2 emissions from anthropogenic land use change. Efforts to conserve and restore coastal wetlands will help to reduce the impacts of increasing anthropogenic carbon dioxide (CO2) emissions, although it is likely that management efforts to reduce loss are more beneficial than efforts to restore coastal wetlands.

Major Oceans and Human Health Issues: 
Reducing anthropogenic carbon emissions is critical to the mitigation of climate
change. Enhancing or maintaining the capacity of coastal ecosystems to absorb carbon is therefore important.  Continuing scientific assessments will inform any decision-making process. 



Title: Ecosystem services: 5 ways not to break the bank
Author: Laurence Mee
Institution: Scottish Association of Marine Sciences (SAMS), Oban, Scotland, UK
Background: Ecosystem services whether provisioning, regulating or cultural are ‘the aspects of ecosystems utilised (actively or passively) to produce human well-being’. The long-term survival of the human species depends on a sustainable supply of these services to satisfy our physical and cultural needs and this supply is inevitably related to the stock and status of wild and cultivated natural capital. In a finite planet with a human population growing in size and aspirations, the relationship between  ‘wild’ and ‘cultivated’,  ‘physical’ and ‘aesthetic’, ‘financial’ and ‘social’ should be a fundamental priority issue for research and deliberation about well-being. But it isn’t, particularly in the case of the 70% of seas that make this a blue planet or the tiny coastal strip on which half of humanity lives. This has major negative consequences for the marine environment and the sub-optimal way it is used by humanity.
Major Oceans and Human Health Issues: ‘Breaking the bank’ refers to drawing down more services than the system can provide. We will avoid this happening by (1) Improving and sharing knowledge of coupled marine social-ecological systems; (2) Understanding their relationship with well-being; (3) Deliberating and articulating clear shared long-term goals for marine systems and steps for achieving them; (4) Having understandable ‘currencies’ to measure different kinds of capital and services and accounting systems that can be used to support decision-making; (5) incorporating this thinking into ‘hard’ (statutory) policies and governance and in long-term (multi-decadal) policy planning. 



ABSTRACT
Title: Knowledge transfer, ocean literacy and the science-policy interface
Authors: McDonough, N
Institution: European Marine Board
Background: To ensure the maximum impact of publically-funded research, simple communication and dissemination activities are being extended to a more systematic knowledge transfer (KT) approach. KT involves identifying the knowledge outputs of research (e.g. at project level), classifying the knowledge, identifying potential users of that knowledge and actively transferring the knowledge in a way that maximizes the potential for its uptake. Users may include other scientists, industry, policy makers or civil society.
Knowledge transfer is also part of the science-policy interface (SPI). SPIs are structured mechanisms designed to promote an active exchange between scientists and policy-makers, supporting evidence-based policy making. Van den Hove (2007)[footnoteRef:1] defined science-policy interfaces as “social processes which encompass relations between scientists and other actors in the policy process, and which allow for exchanges, co-evolution, and joint construction of knowledge with the aim of enriching decision-making.” The European Commission is supporting several SPI development initiatives, giving due recognition to the importance of SPIs in supporting EU science and maritime policy. [1:  Van den Hove, 2007, Futures Vol 39, p. 807-826] 

Ocean literacy is a concept first developed in the US and currently gaining traction in Europe. Ocean literacy aims to advance the general understanding and appreciation across society of the role and importance of the seas and oceans to human health and wellbeing. The first European Conference on Ocean Literacy was held in Bruges, Belgium in October 2012. A second conference was held in Plymouth (September 2013) and the next is planned for Gothenburg in September 2014. These conferences are being organized by the recently established European Marine Science Educators’ Association (EMSEA[footnoteRef:2]). [2:  www.emsea.eu ] 

Major Oceans and Human Health Issues: 
There is a particular need to employ innovative communication and KT mechanisms when dealing with issues linking the oceans to human health and wellbeing. Scientific information on threats to human health, e.g. bathing in contaminated waters or consuming contaminated seafood, are actively communicated as a public health measure. There is also a need to inform science policy in Europe of the critical links between the oceans and human health. Effective use of SPIs can promote a coherent research response to improve our understanding of these interactions and to inform maritime and public health policy. The OHH research agenda is directly linked to the ocean literacy agenda, as the latter promotes the importance of the seas to human wellbeing.


Title: US, EU and WHO Approaches to Managing Microbial Pollution at Recreational Beaches
Authors: Solo-Gabriele HM, Abdelzaher AM, Elmir S, Phillips M, Fleming LE
Institutions: NSF NIEHS Oceans and Human Health Center, University of Miami, Miami, FL 33149, USA.  Department of Civil, Architectural, and Environmental Engineering, University of Miami, Coral Gables, FL 33146-0630, USA. Miami-Dade County Health Department, Miami, FL 33056, USA. Marine Biology & Fisheries, University of Miami, Miami, FL 33136, USA. European Centre for Environment and Human Health, University of Exeter Medical School, Truro, Cornwall TR1 3HD, UK
Background: Microbial pollution at recreational beaches in both the US and EU is monitored through measures of fecal indicator bacteria (FIB).  Both identify the same FIB (enterococci and E. coli) but the approach towards setting regulatory levels is very different.  The US sets one level for marine waters and another for freshwaters – both of which are very similar.  The EU differentiates interior versus coastal waters and also allows for flexibility during times of known exceedences.  Moreover, the EU includes provisions for cyanobacterial risks.  The WHO guidelines recommend setting variable FIB levels based upon the anticipated risk.  All of these approaches have their merits and their drawbacks.  We describe and illustrate one possible approach to beach regulation termed as the “Comprehensive Toolbox within an Approval Process (CTBAP)” which considers all three approaches. The CTBAP consists of three components. The first is a “toolbox” consisting of an inventory of guidelines on monitoring targets, a series of measurement techniques, and guidance to improve water quality through source identification and prevention methods.  The second two components are principles of implementation. These include first, “flexibility” to encourage and develop an individualized beach management plan tailored to local conditions and second, “consistency” of this management plan to ensure a consistent national level of public health protection.  The advantage of the CTBAP is that it would permit for timely adoption of new innovative technologies that may be able to circumvent some of the major drawbacks associated with FIB measures, including the long time lag between sample collection and analyses and their inability to consistently track human health impacts.
Major Oceans and Human Health Issues: Can we develop a better approach for regulating recreational beaches that takes combines the advantages of the US, EU, and WHO approaches?  Can we build a system that allows for rapid incorporation of new technologies that address time delays (e.g. through environmental measures and/or modeling ) and spatial/temporal variability?  Can we adopt technologies that provide a more robust means of tracking human illness (e.g. identify etiologic agents of illness and through direct measures of multiple pathogens)?  Need to build a public notification system that is comprehensive.  
Title: Maximum Sustainable Yield? Fish, fishers and people
Authors: Appleby, T., Everard, M., and Simpson, S. D.
Institutions: WHO Collaborating Centre for Healthy Urban Environments and International Water Security Network, Faculty of the Environment and Technology, University of the West of England, Bristol; Blue Marine Foundation; Biosciences, University of Exeter. 
Abstract: This paper examines the basis of 4 fundamental laws governing fisheries and human interaction with the sea: coastal states’ rights, obligations for sustainable fishing, duties for health and safety at sea and the public trust obligations in the way the UK manages its resource.  The United Nations Convention on the Law of the Sea (UNCLOS) grants coastal states sovereign rights to fish to the edge of their ‘exclusive economic zone’ (usually a 200 mile limit).  Those rights are qualified to the coastal state having a duty to maintain or restore fish stocks to maximum sustainable yield (MSY). MSY is not defined in UNCLOS but has been interpreted to relate to a stock by stock assessment rather than a view of the health of the ecosystem as a whole.  Despite UNCLOS many coastal states fish well beyond MSY and even the reformed European Union’s Common Fisheries Policy only commits the EU to reach MSY for its stocks by 2020. Unsurprisingly fish stocks have been decimated, though the bones of reform are in place.  The Merchant Shipping and Fishing Vessels (Health and Safety at Work) Regulations 1997 give the basis for health and safety at sea, yet there would appear to still be problems.  A 2008 report by Swansea University concluded an unacceptably high mortality rate among UK fishers.  This has been compounded by recent reports in the UK press of the use of illegal immigrants and even ‘slaves’ on vessels in UK waters.  In the UK the right to fish is held on trust for the public, yet unlike in the management of most public property there is no clear plan to get the most public benefit from the UK fishery.  There is valuable opportunity from implementing the existing regulations to benefit the health of fish, fishers and people, simply by posing the question: ‘what do we want from our oceans?’




Title: FAO efforts to improve fish safety and international fish trade
Authors: Karunasagar I, Toppe J
Institutions: Food and Agriculture Organization of the United Nations (FAO)
Background: Seafood is an important item in international trade and in 2012, seafood exports reached a total of 129 billion USD. Most seafood production takes place in developing countries and major markets are in the developed part of the world, as a result 61% of fish export comes from developing countries. Seafood is also an important contributor to human nutrition, as a source of proteins and as a provider of essential omega-3 fats and micronutrients deficient in many diets. Though seafood is generally considered a safe food, there have been some occasional health concerns associated with these products. Several food scares, though not directly related to seafood, have impacted international trade in fish and fishery products. At international level, members of World Trade Organisation (WTO) have signed Sanitary and Phytosanitary (SPS) Agreements, which recognizes food safety standards developed by the Codex Alimentarius Commission (CAC) as international benchmark in case of dispute between trading partners. FAO is actively involved in providing scientific support to CAC for the development of Codex Standards, Guidelines and Code of Practice.  Some recent examples of fish safety standards developed utilizing FAO/WHO scientific advice include Codex Standard on live and raw bivalve molluscs (Codex Stan 292-2008), Codex Guidelines for control of pathogenic Vibrio spp in seafoods (CAC/GL 73-2010), Codex Guidelines on control of viruses in foods (CAC/GL 79-2012) and the Code of Practice for Fish and Fishery Products (CAC/RCP 52-2003). In order to make the information used for the development of Codex Standards, Guidelines and Code of Practice widely available to technical persons in member countries, FAO has been publishing them as Fisheries and Aquaculture Technical Papers or Reports of Joint FAO/WHO Expert meetings.

Major Oceans and Human Health Issues: Issues related to hygiene (microbiological contamination), levels of heavy metals, residues of veterinary drugs, presence of biotoxins have been causing disruptions in international trade of fish and fishery products. Codex Standards, Guidelines and Codes of practice provide framework for countries for improving practices along supply chain to ensure consumer safety of fishery products. FAO is providing technical assistance to developing countries to meet the SPS requirements for fish in international trade and to comply with international market requirements. 
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