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During our five weeks on the Gato Verde we produced sewage, and grey water, and used fresh water and biodiesel. While trying to study the endangered SRKW we try to have as little impact on our environment as possible. Each program should learn something to help minimize impact so that the next program can have less of an impact and find more areas to improve. The fresh water use, sewage production and biodiesel use was also taken during last year’s program and compared to this year’s program. 

This year we used less water than last year’s program. We were very water conscious when washing dishes and tried to be as efficient as possible with the freshwater use. We also didn’t shower at all on the boat. According to Todd, last year’s students might have showered on board a couple of times which could be some of the difference in their water use to ours. It is also possible that we used less water while washing dishes. Jason also changed the formulas slightly to convert the centimeters to liters which could account for some of the difference. Last year used a total of 982 gallons of freshwater and we used 841 gallons. The average water use per day for the entire cruise was 28 gallons last year and this year it was 23.4 gallons per day. The average water use per person per day for the entire five weeks last year was 4.68 gallons per person per day and this year it was 3 gallons per person per day. The average water use per person per day has also been calculated by week for both programs and is compared in the graph below.
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Each week we consistently used less water per person than last year’s students. For future improvement on freshwater use students could continue to not shower on the boat while out at sea. Aside from showering, washing dishes is responsible for most of the water use on the boat. This year everyone did dishes a little bit differently and some were more efficient than others. In my observations, I feel that the most efficient way to do dishes is to do the initial rinse, soap, and rinsing of the soap with that saltwater faucet. After rinsing the soap off, do a quick rinse with freshwater to get the saltwater off. The other method I saw in use was to rinse the soap off with freshwater. I think that uses more freshwater than if you just rinse the saltwater off of the dishes with freshwater. 

The sewage production this year was more than last years. Last year produced 334 gallons of sewage and we produced a total of 391 gallons of sewage. The average amount of sewage produced each day for the entire cruise last year was 10.1 gallons a day and this year we produced 10.9 gallons a day. The average sewage produced per person per day for the entire cruise last year was 1.6 gallons and this year it was 1.4 gallons per person per day over the entire five week period. The gallons produced per person per day were also calculated weekly for both programs. 
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The first three weeks this year’s program did better than last year. This is most likely because we spent a lot of nights docked at places like Reid, Prevost, and Jones where we could use the land heads instead of the boat. We also took the dinghy to land for hikes and land head use as much as possible when we couldn’t get to a dock. I think this helped our sewage output stay low for the first three weeks. The fourth and fifth weeks are a lot higher. The fourth week is most likely so high because we didn’t dock at all that week. We only took a dinghy to land once to walk around and use land heads, so almost all of our bathroom use was on the boat. The fifth week was by far our highest and I think the day the camera crew was onboard is part of the reason for this. We had 12 people on the boat that day and we basically filled the holding tank in one day. Another possible reason the fourth and fifth week had more sewage production is our days were longer out on the water. When we are out on the water it is more difficult to use the window in the head because the water is not usually flat when we are out so we have to use the toilet. One way for future programs to reduce the amount of sewage produced, which would also reduce the number of times you have to go to port, is to take advantage of areas where there are docks and land heads as much as possible. Utilizing the window in calm waters or when anchored will also help a lot. 

Biodiesel is used to run the engines on the Gato Verde when we aren’t sailing and to charge the house bank so we have energy for computers and other electronics. The use of biodiesel can get broken down into kilowatt hours and then broken down even further to the number of gallons used for propulsion and the number of gallons used for the house bank. This year used 837 kilowatt hours worth of biodiesel and last year used 333 kilowatt hours. Last year had problems calculating this and it is most likely not accurate so the real difference is probably not as large. The kilowatt hours per gallon were 6.41 kwh/gal. Due to engine problems it is not possible to get an accurate number for house bank versus propulsion for the last two weeks of the program, but the first 19 days we are able to compare.  In the first 19 days we used 596 kilowatt hours. Of those 51 kilowatt hours were used for the house bank and 545 kilowatt hours were used for propulsion. Using the kilowatt hours per gallon, I found that 8 gallons of biodiesel were used for the house bank in the first 19 days and 85 gallons were used for propulsion. 
This year we used 131 gallons of biodiesel over the five week period and last year used 150 gallons. Last year used an average of 5 gallons of fuel a day and this year used 3.7 gallons a day over the entire cruise. This is not a very good representation of our fuel use; we actually should have used more biodiesel than last year. The breakdown of fuel used each week is as follows:
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 This year’s fourth week is drastically lower than the other weeks and this is because of engine troubles. We were anchored in Roche Harbor for three days without moving which made a huge difference in our fuel use. During this week we ended up going out on a different boat for two days and the fuel use of those two days is not accounted for in our data. Our fuel use should have been higher than last years. After talking with Todd, we came to the conclusion that this year we were fighting stronger currents than last year. There were many days when we were with the whales and the whales were fighting the current so we had to too, which meant burning more fuel. The whales were also spending a lot of time up north, mostly in our third week. So we had to go all the way up near Echo Bay and then head back south to pump out or to reprovision at the labs. In order to reduce fuel use it would be helpful to know the currents for the next couple of days as well as the weather so that the next days can be taken into consideration when making passage plans. Using the wind as much as possible will also help reduce fuel use. 
Grey water production hasn’t been considered before but it actually can have a pretty big impact in certain areas. The issue with grey water is surfactants. Surfactants, or surface active agents, are substances dissolved in water in order to remove dirt from surfaces like skin, textiles and other solids (scienceinthebox.com). There are many different kinds of surfactants but they all have a similar structure. They have a hydrophilic head attracted to water and a hydrophobic tails that repels water and attaches itself to dirt or oil and can suspend it in the water. Because of this property surfactants are a major component of many cleaning products such as laundry detergent, shampoo, toothpaste, and cosmetics (Guckert, J.B et al.).  Throughout the world, about 4 to 5 million tons of surfactants are used in household and industrial cleaning products (Van De Plassche et al. 1999). There are two types of surfactants: anionic and non-ionic. Anionic don’t degrade as fast as non-ionic but non-ionic are more deadly to fish and insects (pers. comm. Russel Barsh). The EPA recommends that water have a concentration under 0.5 ppm in order to be safe but the level of biological effects on fish can be as little as 0.1 ppm! (pers. comm. Russel Barsh).

Russel Barsh explained some of the effects of surfactants in the environment. Surfactants can disrupt gas exchange across gills of fish. The hydrophobic tails are can clog up the gills and which reduces the amount of oxygen that can be exchanged across the gills and if there are enough surfactants interfering the fish can suffocate and die. Surfactants can clog pours and disrupt membranes when the hydrophobic tails are trying to escape water and can sometimes even burst the membranes. It has also been found that non-ionic surfactants can be endocrine disruptors. The surfactants can mimic or even substitute the chemical signal molecules in the endocrine system. This usually happens over long periods of exposure. The effect of surfactants will vary depending on the structure of the surfactant. The effect on organisms will also vary greatly depending on the species in the area (Van De Plassche et al. 1999). 
The problem with surfactants is that they aren’t regulated (pers. comm. Russel Barsh). The government doesn’t regulate what surfactants are being used or how much is being used. The companies producing these products aren’t even required to say what is in them. For example, the ingredients listed on the back of the container for the Joy dish soap used on the boat said: contains biodegradable anionic surfactants and no phosphate. This makes it very difficult for consumers to select products that contain less or less harmful substances. The only thing consumers can do is use less and when there is a product that is known to have higher concentration or more deadly forms of surfactants those should be avoided. 
Since we live on the boat we produce grey water daily. The goal was to try and quantify the grey water we produced and try and get an estimate our impact on the environment. First samples were collected from our grey water produced from dinner dishes. We also took sea water samples in order to figure out the amount of surfactants that are already present in the water. The water samples were tested for surfactant presence but not which kind of surfactants. The type of test used was called an MBAS analysis test (Methylene Blue Active Substances) (Guckert et al. 1996). This is a simple test to get the concentration of surfactants in a sample in ppm. Methylene blue is cationic dyes which under acidic conditions will ion-pair with most anionic materials. So with our sample first we had to make it acidic by adding bicarbonate of soda. Then if the sample was a freshwater sample salt was added to make sure the density of the water is the same as the Methylene blue (which was mixed with toluene). If the sample is salt water then the sample is diluted so that the salt content is 20 ppm of salt instead of the natural concentration which is closer to 35 ppm. The sample is mixed well and whatever surfactants are absorbed in the water sample will grab the Methylene blue and suspend it in the water, creating a micelle. The color intensity of the water is directly proportional to the concentration of surfactant content. A spectrophotometer reads the absorbance of the sample which then can be converted to concentration with Beer-Lambert’s Law. 
We collected samples from Friday Harbor, Roche Harbor, Mitchell Bay, Prevost Harbor, Reid Harbor, and from our boat’s grey water. Friday Harbor had no detectable amounts of surfactants in the water. The test is sensitive to concentrations between 0.1 ppm and 8 ppm. Friday Harbor is very well circulated so this is most likely why we could detect anything. Roche Harbor had 0.3 ppm. This sample was taken on a fairly busy weekend when a lot of people were washing their boats. Mitchell Bay had a concentration of 1.5 ppm! I suspect this is an unusually high reading because it was very low tide when the sample was collected and there was a man close by washing the bottom of his boat (which was illegal) and both of these things could have given us an unusually high concentration. The sample was collected again at high tide but has not been tested yet. Prevost and Reid Harbors were collected at high tide but have no been tested yet either. Our grey water was sampled and had a concentration of 55 ppm! We produced a little over 4 gallons of grey water with this concentration. Although this water does get diluted as soon as it goes into the ocean, that is still a lot of surfactants being added to the water, especially if we aren’t the only boat adding grey water to the ocean. 
Areas with poor circulation should really be concerned with this problem. Mitchell Bay has very little circulation and these surfactants can really build up. When we were on the boat with Scott he put his underwater camera down there and it looked like a barren desert. Surfactants might not be the cause of this but it certainly isn’t helping. Management in the areas of low circulation should consider putting a cap on the number of boats allowed in the harbor at once. Testing the sample from Reid Harbor would be interesting because it has very poor circulation and gets very crowded in the summer. Based on our grey water sample, our boat could produce an average of 12 gallons of grey water a day with surfactant concentrations of 55 ppm. This is most likely an underestimate considering we don’t shower on the boat. People who do shower on their boat could easily double the amount of surfactants added to the environment. Limiting the number of boats in harbors would keep the concentrations from building up too much. 
Something Beam Reach could do to lessen their impact is to try to buy soaps with anionic surfactants and if at all possible find soap with lower amount in it. Also use less; using the bare minimum of soap will reduce our impact. Another thing that will reduce our impact is not staying in harbor with poor circulation like Mitchell Bay and Reid Harbor but this also has a trade-off. We stay in Reid in order to use the land heads and lessen our sewage production on the boat. We stay in Mitchell Bay because we have a mooring buoy and don’t have to anchor, which tears up the eel grass and the floor. It is a difficult situation, especially since we don’t know which products are “safer.” The one thing that can definitely be done is not showering on the boat and using less soap when washing dishes. This problem needs more attention than it has been getting. People should be educated about this problem and the government needs to make companies tell consumers what they are releasing into the environment. There needs to be more concern for our environment and the chemicals that we dump into it. 
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