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Introduction

Global demands for seafood have increased dramatically in the past few decades. This increase is a result of both increases in global population and increases in per capita consumption of seafood. Per capita consumption in the United States rose from 12.5lbs in 1980 to 15.5lbs in 1990 (Swann 1992). Wild caught fish captures have declined in past decades due to over exploitation, pollution and habitat destruction. As a result of the growing demand for seafood the aquaculture industry has seen a dramatic growth. Though aquaculture has strong potential for increasing seafood supplies, it also has potential for environmental degradation. As with any large industry, aquaculture produces a high volume of waste. The impact of those waste products on the environment needs to be considered while the industry is still growing so that regulations and policies may be implemented to keep environmental impact to a minimum. 

Effluent components


Aquacultural waste effluents refer to either a continuous or intermittent discharge of a liquid stream from an aquaculture facility (Stickney 2000). The potentially environmentally harmful contents of these effluents fall into one of two groups: dissolved compound or sludge (solid waste). The dissolved compounds of environmental concern are Phosphorus (P), Nitrogen (N), and organic matter. Negative impacts from these dissolved compounds include nutrient and organic enrichment of recipient water resulting in build-up of anoxic sediments, changes in benthic communities and advanced eutrophication (Barg & Phillips 1997). There are a number of negative impacts associated with eutrophication including: increased abuundance of macro-algae and production of algal blooms, killing of fish and sea-bed animals, poisening of shellfish, alterations in food chains, and removal of oxygen from deep water and sediments as a result of the sinking and decay of the blooming algae.


Phosphorus is a crucial element necessary for aquatic life and is often considered the limiting facter for biomass production in freshwater aquatic environments (Stickney 2000). If biologically available P is added to a receiving stream the increase in the limiting factor can result in an increase in biomass production. If this increase is severe enough or if it is continuous over long peroids of time there is potential for an increase in the eutrophication process in that body of water. Aquaculture effluents contain P in either the soluble form of orthphosphate or as insoluble P. Orthophosphate is derived from P excreted in the urine and from the conversion of the insoluble P found in fish feces and uneaten food by microbial breakdown.


Nitrogen, like Phosphorus is an important element for aquatic primary production. Like P, abnormally high concentration of N can potentially increase primary productivity and eutrophication. The two forms of N present in aquaculture effluents are ammonia and nitrite. Ammonia is a direct product of fish urine and is highly soluble in water. Under aerobic conditions, bacteria can oxidize ammonia to form nitrate. Both nitrate and ammonia can be used directly by algae as nutrients. In addition to the effect of N on primary productivity it can also be toxic to fish when present in the un-ionized form of NH3 .The ratio of NH3 to NH4 in the effluents and receiving waters is determined by pH and temperature. Increased pH and increase temperatures result in increased NH3 concentrations. When un-ionized NH3 concentration exceedes 0.00125 to 0.025 mg/L, growth rates of rainbow trout are reduced and damage to gill, kidney, and liver may occur (Stickney 2000).

Organic matter also has a dramatic affect on aquatic systems. Increased organic matter in the water column results in an increase in respiration by bacteria and therefor a decrease in the concentration of dissolved oxygen. Eventually the sediments become anoxic and only a small number of the benthic species can survive. This reduction in benthic life has an affect on the whole benthic community, which in turn affects all higher life.

Sludge waste refers to the solid particulate matter (mostly fecal material and wasted feed) that is not broken down or dissolved in the effluent. Because sludge is primarily fecal material and uneaten feed, it’s volume and rate of production is directly related to feeding rate. The enivronmental impacts of sludge are, indirectly, the same as those for dissolved compounds. This is because nutrients (P, and N) and organic matter will eventually leach out or be broken down and ultimately become dissolved compounds. The primary difference therefore is not in how sludge impacts the environment but in how it is managed and treated.


Aquaculture systems

Aquaculture is typically divided into three general catagories: extensive, semi-intensive and intensive. Extensive aquaculture deals primarily with shellfish and refers to practices with the least amount of environmental control. Stocks are usually grown in their natural environment with little human intervention until harvesting. Extensive aquaculture has the least impact on the surrounding environment as waste volumes are typically no greater than those produced by natural populations.  Semi-intensive aquaculture includes facilities that utilize raceways, cages or ponds for fish culture. These facilities allow a greater degree of control over spawning and growout condtions. Effluent impacts and management strategies vary with semi-intensive systems as there are varying degrees of semi-intensive aquaculture and a number of different systems involved. Intensive aquaculture refers to systems with a high degree of control over most environmental conditons and high fish stocking densities. Intensive aquaculture includes facilities that utilize closed recirculating systems. These systems have the greatest potential for waste processing and management and therefor reducing the environmental impacts of aquaculture effluents.

Management Strategies


Management of aquaculture effluents will be more and more important as the industry grows and more facilities open. There are a number of weighs in which volume and toxicity of effluents can be reduced through responsible management practice and good policy making.  There is still plenty of room for improvement with feed conversion ratios. Feed conversion ratio (FCR) is the ratio of gain in wet body weight of the fish to the amount of feed fed. Research in formulating higher quality feeds will result in better FCR and therefore less uneaten feed in the effluents. Feeds with nutrient ratios specific for certain types of fish will allow greater nutrient retention in the species being grown. In typical salmonid diets roughly 67-75% of N is excreted and lost to the environment and roughly 80% of consumed P is released into the water. The more we can learn about factore influencing nutrient retention the fewer nutrients will be released into the receiving waters. Better management of feed volume will reduce over feeding and therefor feces volume and organic matter being released into the receiving waters. Integrated aquaculture methods are already being used in many other countries. This is the best solution to the effluent problems associated with semi-intensive aquaculture systems. Integrated aquaculture facilities grow a number of different organisms each using the wastewater from the organisms before it for nutrients. For example wate-water-fed freshwater aquaculture and coastal mollusc and seaweed farming can be used to recover excess nutrients, thereby redusing risks of eutrophication (Barg & Phillips 1997). This process saves money by reducing costs of feed, and waste treatment and naturally reduces the amount of nutrients in the water at each stage. Lastly communication between aquaculture research and commercial aquaculture facilities is crucial in keeping the aquaculture industry up to date with all new technologies and methods which will reduce environmental impacts without decreasing production.

Conclusion

The aquaculture industry can help to alleviate the stress currently imposed on wild aquatic animals by an increased global seafood demand. Though some level of environmental impact will be noticable from the growth of this industry, I think with continued concern, research and management those impacts can be kept to a minimum and will hopefully reduce the negative impact of overfishing
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