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1.



Scope Recreational boating raises a number of issues for resource managers and the public, including noise complaints, safety concerns and environmental impacts. The potential impacts of recreational boating have been divided into the following areas (Rijkeboer et al. 2004). o



The impact on local air quality.



o



The impact on local water quality, subdivided into:



o



o



As related to ecosystems (including sediments).



o



As related to the product of drinking water.



The impacts of noise, subdivided into: o



The impact of noise on ecosystems (i.e., birds and underwater wildlife).



o



The impact of noise on nuisance as perceived by humans.



This report is focussed on the potential impacts of boat derived contaminants on water quality – both environmental toxicity and drinking water criteria. Physical impacts on the aquatic environment from recreational boating activities (i.e., resuspension of sediments, bank erosion etc.), are not covered in this report.
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2.



Introduction Over the last 30 years the use of motorised recreational craft on rivers, lakes and water storage reservoirs has increased significantly, which has led to concerns about the potential increasing environmental pressures being placed on these aquatic environments. The growth in recreational boating, is impart, being driven by advances in materials technology that have made water skiing and power boating equipment more affordable. Accordingly, high-speed power boating and personal water craft (jet ski’s) activities have become more popular and accessible to a wider section of the community. This trend is reflected in Canada by an annual growth in power boat sales of 3% (Jaakson, 1993). In Australia, Mercer (1977) reported that power boating and water skiing activities were increasing at the rate of 20-24% per year. This general increase in activity, combined with perceptions of safety, ease of accessibility, and calmness of water, has lead to a large and increasing percentage of recreational boating taking place on inland water bodies. This, in turn, has resulted in an increasing demand by the public for the development of more reservoirs and lakes (Department of Community Service and Health, 1990).



With respect to total emissions, recreational water craft do not contribute significantly; for example, recreational boating emissions of non-methane hydrocarbons (NMHC) represent only 0.5% of the total emissions for the European Union (Rijkeboer et al. 2004). The contribution of atmospheric hydrocarbons from recreational boating to the national total in the US has been estimated at 1.59% (Hare and Springier, 1973). However, the high density and nature of boating emissions mean that there is scope for localised impacts on both air and water quality. Although not the subject of this report, briefly, the main concern about air pollution from recreational boating is the potential for localised high concentrations of smog forming components [nitrogen oxide gases (i.e., NOx) and volatile organic compounds, or VOC], resulting in ground level ozone formation. This phenomenon may often be seen in some sheltered lakes and bays that receive heavy power boat use (Warrington, 1999). Ozone irritates the respiratory tract and eyes with exposure to high levels resulting in chest tightness, coughing and wheezing. People with respiratory and heart problems are at a higher risk, and ozone has been linked to increased hospital admissions and premature death. Furthermore, these emissions from boating activities may occur in otherwise pristine environments that are not impacted by non-point contaminant emissions associated with major urban centres. With respect to water quality issues, the combination of the inefficient trapping efficiency (defined as the ratio of fuel trapped in the engine to that which is delivered to the engine) of 2-stroke engines and the release of exhaust emissions beneath the water surface, results in relatively large amounts of combustion products and unburned fuel being mixed into surface waters. For example, two stroke engines can Potential impacts of emissions from outboard motors on the aquatic environment: a literature review
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typically release 10-25% of their fuel (petrol/oil mixture) unburned into the waters (Warrington, 1999). The EPA has estimated that a single jet ski (or personal water craft, or PWC) can emit up to 23 litres of fuel in just two hours of operation (Blue Water Network, 1998). Accordingly, many regulatory agencies, particular in the state of California, have placed either bans or restrictions on the use of certain types of 2stroke powered recreational boats, including PWC’s on a number of lakes and reservoirs (Department of Boating and Waterways, 2007). There are conflicting results from studies regarding the ecological and human risk posed by recreational boating, and this report aims to provide a balanced summary of the available literature relating to the potential risk of recreational boating activities to water quality. At the time of writing the report, there was no information available on boating numbers/density on West Coast lakes or the proportion of 2-stroke carburetted, 2-stroke direct injection and 4-stroke outboard engines. Therefore, the report is limited to merely describing literature studies; no attempt has been made to transfer for the finding of these international studies to a New Zealand or, more specifically, a West Coast context. This is an important point to stress, as the impacts of recreational boating on various environmental compartments including water, are site-, time- and use-specific – that is, general applicable statements will not be valid under all conditions (Warrington 1999).
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3.



2-Stroke vs 4-stroke outboard engine emissions In general, two-stroke engines emit ca. 10-times more pollution than 4-stroke engines because of lower trapping efficiencies inherent in the 2-cycle operation. Unlike 4stroke engines that have separate exhaust and fuel filling cycles, in 2-stroke engines the exhaust and fuel filling occur in the same stroke, resulting in an un-preventable loss of unburned fuel in the exhaust. Depending on load and configuration, it has been reported that 2-stroke engines release 1-40% of their fuel unburned to the water. Warrington (1999) concluded that 10-25% was a more typical range for normal use of modern 2-stroke engines. Although the data is somewhat out-dated (1973), to give this a global perspective, Jackiviz and Kuzminski (1973) calculated that of the 3.8 billion litres of fuel used per year by outboard engines, 380-600 million litres are discharged (unburned) into the water. US EPA standards have forced engine manufacturers to significantly reduce the emissions of 2-stroke engines, which has largely been accomplished by direction fuel injection technology (opposed to carburetion). Despite improvements (largely with respect to air quality emissions), these 2-stroke engines still release much higher quantities of contaminants than 4-stroke outboard engine of similar horsepower. Kado et al. (2000) compared particulate matter (PM) emissions from 2 types of 2-stroke engines [carburetted (C) and direct injection (DI)] and a 4-stroke (carburetted) engine. All the engines were 1998 or 1999 models and had a maximum power rating of 90 hp. The total PM emissions for the 67 min test procedure were 
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