
 

Estimations of anthropogenic nutrient flows at the 
coral reef island Ko Sak, Thailand 

- A simplified source flow analysis 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Emelie Lindström 
 

Adam Engström 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Supervisor: Daniel Franzén  
Assisting supervisor: Joseph Santhi Pechsiri 

Supervisor in Thailand: Wayne Nicholas Phillips 
 
 
 
 

MJ153x Examensarbete i Energi och miljö, grundnivå 
Stockholm 2016 

 



 
 

 

 
 
 
 
This study has been carried out within the framework of the Minor Field Studies Scholarship Programme, 
MFS, which is funded by the Swedish International Development Cooperation Agency, Sida. 
 
The MFS Scholarship Programme offers Swedish university students an opportunity to carry out two 
months’ field work, usually the student’s final degree project, in a country in Africa, Asia or Latin America. 
The results of the work are presented in an MFS report which is also the student’s Bachelor or Master of 
Science Thesis. Minor Field Studies are primarily conducted within subject areas of importance from a 
development perspective and in a country where Swedish international cooperation is ongoing. 
 
The main purpose of the MFS Programme is to enhance Swedish university students’ knowledge and 
understanding of these countries and their problems and opportunities. MFS should provide the student 
with initial experience of conditions in such a country. The overall goals are to widen the Swedish human 
resources cadre for engagement in international development cooperation as well as to promote scientific 
exchange between unversities, research institutes and similar authorities as well as NGOs in developing 
countries and in Sweden. 
 
The International Relations Office at KTH the Royal Institute of Technology, Stockholm, Sweden, 
administers the MFS Programme within engineering and applied natural sciences.  
 
 
 
 
Erika Svensson 
Programme Officer  
MFS Programme, KTH International Relations Office 

 

 

 

 

 

 

 
 

 

KTH, SE-100 44 Stockholm. Phone: +46 8 790 6561. Fax: +46 8 790 8192. E-mail: erika2@kth.se  

             www.kth.se/student/utlandsstudier/examensarbete/mfs   



 
I 

 

ABSTRACT 

High levels of nutrients in tropical coastal areas is a big problem and poses large threats to coral reefs. 

Therefore this study will focus on nutrient flows from a source perspective. The aim of this study is to 

identify and quantify the phosphorus and nitrogen emissions from human activities at the island Ko Sak, 

Thailand. We also investigated possibilities regarding reduction of these emissions. The study was 

conducted by first identifying the major nutrient emitting human activities during two separate days and 

then quantifying them one by one. Data was acquired through a combination of personal field 

observations and literature studies. The following four sources were identified as the most interesting in 

terms of nutrient emissions: toilet waste on the island, boat sewage, littering (fruit and coconut 

leftovers) and liquid restaurant waste. The result shows that the sources to the largest phosphorus 

emissions were littering and toilet waste, while the phosphorus from boat sewage and liquid restaurant 

waste was lower in comparison. The largest source of nitrogen emissions was toilet waste. In 

combination with boat sewage they accounted for about 80 % - 90 % of the total nitrogen emissions. The 

liquid restaurant waste was also in this case very small in comparison and littering completely negligible. 

The total phosphorus emissions were 514 g/day on April 13 and 438 g/day on May 8 and the total 

nitrogen emissions were 1750 g/day on April 13 and 1990 g/day on May 8. The two areas identified with 

largest potential in terms of reducing nutrient emissions were toilet waste and littering due to their 

relatively large emissions combined with relatively simple flows. Examples of solutions presented is a 

more controlled toilet waste management system and substituting certain food sold. 
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SAMMANFATTNING 

Höga halter av fosfor- och kväveutsläpp leder till övergödning och är ett stort problem i kustområden. I 

kustområden finns koraller som är väldigt känsliga organismer som lätt blir påverkade negativt av små 

förändringar i omgivningen. Detta gör att koraller även är känsliga mot fosfor- och kväveutsläpp. Koraller 

är vanligtvis väldigt vackra och lockar därför till sig stora mängder turister som vill se på dem. Thailand är 

ett land som är väldigt beroende av sin turism men med turismen så kommer också ökade miljöproblem, 

som övergödning. Den här studien syftar till att identifiera och kvantifiera fosfor- och kväveutsläpp från 

mänskliga aktiviteter vid ön Ko Sak i Thailand. Vi har också undersökt om det finns några möjligheter att 

minska utsläppen.  

 

Studien har gjorts genom att först identifiera fem olika mänskliga aktiviteter som skulle kunna släppa ut 

fosfor och kväve och sedan kvantifierat dem genom att ställa upp tio stycken ekvationer. Ekvationerna 

beräknades genom att samla in data från egna observationer på ön och genom litteraturstudier. 

Observationerna gjordes på två separata dagar. 

 

De mänskliga aktiviteter som identifierades var toalettavfall, avloppsvatten från båtar, nedskräpning, 

flytande avfall från restaurangen och utsläpp vid förbränning i båtmotorer, där förbränning i båtmotorer 

ansågs som försumbar. Nedskräpningen bestod till största del av rester från frukt och kokosnötter där 

utsläppen från kokosnötter stod för den överlägset största delen. I alla fall förutom nedskräpning 

kvantifierades både fosforutsläpp och kväveutsläpp. I nedskräpning antogs dock att alla kväveutsläpp 

omvandlades till gas och inte hamnar i vattnet vilket gjorde att den inte heller behövde kvantifieras. 

Källorna till de största fosforutsläppen var nedskräpning och toalettavfall, vilka stod för ungefär 90 % av 

utsläppen sammanlagt. Fosforinnehållet i avloppsvatten från båtar och flytande avfall från restaurangen 

var mycket lägre i jämförelse, endast ca 7 % respektive mindre än 1 % av de totala fosforutsläppen. Av 

kväveutsläppen så var toalettavfall den aktiviteten med störst utsläpp, på mellan 80 % till 90 %. Även i 

det här fallet så stod flytande avfall från restaurangen för endast runt 1 % av utsläppen. De totala 

utsläppen var 514 g fosfor/dag den 13 april och 438 g fosfor/dag den 8 maj. Kväveutsläppen blev 1750 g 

kväve/dag den 13 april och 1990 g kväve/dag den 8 maj. Utsläppen bedöms vara tillräckligt stora för att 

kunna ha en påverkan på korallerna.  

 

De områden som bedömdes ha den största möjligheten för minskade utsläpp var toalettavfall och 

nedskräpning. Detta på grund av att de hade stora utsläpp men samtidigt relativt simpla flöden. Två 

exempel på förändringar som föreslås är att införskaffa ett nytt toalettsystem eftersom att det 

nuvarande kan bedömas som uttjänat och att byta ut försäljningen av kokosnötter till något annat. 
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ABBREVIATIONS 

 Nutrients: Is defined as phosphorus and nitrogen in this report. 

 P: Phosphorus 

 N: Nitrogen 

 Toilet waste: Is defined as faeces and urine. (excluding toilet paper) 

 Bay area: Is defined as the area of water between the two northern points of Ko Sak. 
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1 INTRODUCTION 

1.1 BACKGROUND 

1.1.1 CORAL REEFS AND THEIR IMPORTANCE 

Coral reefs are essential for a large biodiversity in the world because of its role of being an area for 

reproduction, nursery and feeding for numerous species (Knowlton et al., 2010; Hughes et al., 2003; 

Folke & Moberg, 1999). Almost a quarter of all marine fish species lives in or nearby coral reefs (Spalding, 

Ravilious & Green, 2001) and about 5% of the total globally identified species exists in close proximity to 

coral reefs (Small, Adey & Spoon, 1998) despite only occupying 0.1%-0.5% of the area of the ocean (Folke 

& Moberg, 1999). Coral reefs not only provide ground for a large worldwide biodiversity they also have 

several other ecosystem services such as shielding shorelines from waves and storms which reduces land 

loss due to erosions and building up land where people now live (Folke & Moberg, 1999). They also 

provide direct services for humans like food from fishing (Spalding, Ravilious & Green, 2001) and 

substances for medication (Folke & Moberg, 1999).  

 

Coral reefs exist on the coastlines of more than 100 countries (Folke & Moberg, 1999) and many millions 

of people are dependent on the coral reefs as a source of income (Rockström & Klum, 2012; Folke & 

Moberg, 1999). The recreational use of coral reefs is proved by the large incomes from tourists who 

wants to look at the corals (Folke & Moberg, 1999). Thailand is a country where tourism is an important 

source of income with receipts of over 46 billion US dollars in 2013 (The World Bank, 2013) and 

contributed to 19.3 % of GDP in 2015 (WTTC, 2015). The recreational tourism is therefore very important 

for the country but also poses a great threat to the coral reefs (Folke & Moberg, 1999).  

 

 

1.1.2 THREATS TO CORAL REEFS IN THAILAND 

Coral reefs today are not what they used to be. They have become one of the world’s most threatened 

ecosystems (Rockström & Klum, 2012). About 19% of the world’s coral reefs have died or disappeared 

(Wilkinson, 2008) and 60% of the corals reefs in the world are threatened by several sources of stress 

(Rockström & Klum, 2012). Examples of stress factors for corals can be local ones like overfishing and 

careless tourism as mentioned before, but can also be regional or global like runoff from land loading 

sediments coral mining, oil extraction, industrial pollution, ocean acidification and climate change which 

leads to higher water temperatures and coral bleaching (Spalding, Ravilious & Green, 2001; Folke & 

Moberg, 1999; WWF, 2016; Rockström & Klum, 2012). When only facing natural threats like hurricanes 

the coral reefs seem to be resilient but when faced with persistent, human threats the coral reefs are 

more vulnerable (Folke & Moberg, 1999). 

 

Anthropogenic nutrient enrichment is a threat to the corals because it can lead to reduced reproductive 

success, decreased calcification rates and lower skeletal density. High nutrient levels have been proven 

to have a negative effect on coral reefs. There has also been studies that shows that very small increases 

in nutrient levels can have large impact on the corals, especially when the balance between the nutrients 

is shifting. (D’Angelo & Wiedenmann, 2014) Considering that eutrophication in tropical coastal areas is a 
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large problem (Folke & Moberg, 1999), this study will focus on modeling sources and flows of 

anthropogenic nutrient emissions connected to tourism. 

 

The island that has been selected to be the focus of this study is a small island called Ko Sak, located just 

outside of Pattaya. Despite of its small size the island has immense numbers of tourists coming to it 

every day to look at its coral reefs. The choice to look at this problem from a source perspective rather 

than from an impact perspective is that our hypothesis is that the tourist based anthropogenic nutrient 

emissions on Ko Sak are large enough to have a negative impact on the coral reef. The best way of 

reducing this impact is therefore, from our point of view, to look at the source flows and identify key 

flows to change and reduce. We also hope to provide a model that further studies can use in order to do 

a thorough impact analysis for the coral reef. Our focus will be on quantifying nutrient emissions from 

different tourist activities and identifying areas where nutrient flows can be reduced. 

 

 

1.2 AIM AND OBJECTIVES 

The aim of this project is to approximate the size of phosphorus (P) and nitrogen (N) emissions from 

human activities around the island of Ko Sak, Thailand and also identify key flows susceptible to changes 

in order to reduce the nutrient emissions and examples of how this can be done. In order to reach the 

aim we need to: 

 

● Identify the major tourist based phosphorus and nitrogen emitting activities.  

● Quantify phosphorus and nitrogen emissions from each activity based on the number of visiting 

people. 

● Evaluate possible ways to reduce nutrient emissions based on the identified flows 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
3 

 

2 METHODS 

2.1 STUDY SITE 

Our study site is a small island called Ko Sak, located about 10 km west of Pattaya (N 12°56’36.19’’, E 

100°47’30.56’’) (Google Earth, 2016) in Thailand and can be seen in figure 1. The island is very small, only 

10 ha large and has a circumference of 2 km (Google my maps, 2016). The island is shaped like a horse 

shoe with a bay area with a large beach in the north and a smaller beach to the south. The west and east 

sides of the island consists of a belt of hills with forest. The coastline to the west and east consists mainly 

of rocks. The island has a variety of corals in its surrounding with the two largest coral reefs in the North 

Bay area, as shown in figure 2. The island is owned by two brothers who own half of the island each.  

Figure 1. Map of Ko Sak and its location in Thailand. (Google maps, 2016) 

  

The island has one restaurant, one drink shop and fruit stands along with a shop with souvenirs and 

clothes as can be seen in figure 2. It also has an area with toilets, showers and changing rooms. A small 

road right across the island makes the both beaches reachable by foot. As figure 2 also shows, most of 

the recreational buildings are located in the middle of the island, towards the North Bay area. There are 

small roads leading up to abandon buildings on the hills but they aren’t available for the tourists. About 

10-20 locals work and live on the island full time. There are no hotels or bungalows available for the 

tourists so there is no possibility to stay the night at the island. 
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Figure 2. Map over Ko Sak with buildings and two coral reefs. (Google maps, 2016) 

  

Thanks to the coral reef, the beautiful beach and the relatively short distance from Bangkok, 90 km in a 

straight line (Google my maps, 2016), the island has a lot of visitors. The visitors often come in 

speedboats in the morning, stays a short while and then leaves to have lunch at Ko Larn which is an 

island a few hundred meters south of Ko Sak. The majority of the tourists are Chinese coming to the 

island as part of a tour. A few visitors come after lunch and stays a bit longer. This means that the island 

is most crowded in the morning until lunch time. The difference in amount of visitors at the island is 

clearly visible in figure 3 and 4.  

 

 
Figure 3. Panorama picture of the north bay of Ko Sak at 09:29. 
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Figure 4. Panorama picture of the north bay of Ko Sak at 16:16. 

  

A lot of trash from the sea floats in at the south beach during the spring, which makes it an unpopular 

place to stay at. This results in that most of the visitors tend to be at the North Bay or at deck chairs in 

the middle of the island. In the bay area the tourists like to drive jet-skis, go banana boat riding, go diving 

or snorkelling and relax in the deck chairs (Phillips, 2015). In the morning the bay area is so busy with 

speedboats and jet-skis that it is dangerous to go swimming. 

 

The boats that are visits the island consists of 5 different types; speedboats, long tail boats, jet-skis, 

diving boats and snorkelling boats. Speedboats are boats that transfer people from the mainland to Ko 

Sak and mostly just drops people off or picks them up. Sometimes they anchor in the bay area. Example 

of two speedboats can be seen in figure 5. 

 

 
Figure 5. Two speedboats.                                Figure 6. Long tail boat and dive boats. 

 

A long tail boat is a long, narrow boat without roof that takes the tourists for a ride at the bay to look at 

the corals for a charge. An example of a long tail boat can be seen at the bottom left corner in figure 6. 

Dive boats and snorkelling boats are larger boats that can carry a higher amount of passengers. The dive 

and snorkelling boats anchor a bit further out in the bay area and the tourists on them go for snorkelling 

or diving, swimming and also plays at the water slides on the back. The boats often stay a couple of 

hours in a day. Two dive boats can be seen in figure 6. Jet-ski rides are offered at the beach in the bay 

area and the tourists can go for a ride in the bay area or around the island.  

 

 

2.2 PHOSPHORUS AND NITROGEN FLOW ANALYSIS 

The study has been done through modelling of the nutrient flows and its loadings to the water in the bay 

area. It has been done from a source perspective. The possible sources have been identified in this 

section of the report and are quantified later in the report. The final numbers are summarised and 
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connected to the amount of visitors at the island that day. By doing this we have created a tool that 

enables prediction of nutrient emissions just by acquiring data on amount of tourists coming to the 

island. By doing this we intend to present a rough picture of the flows that are present on the island. 

 

Because of the limited time of the project we have not had time to study the island over a whole year. 

Instead we spent two days to do a pilot test of our methods to make sure that we can collect all the 

necessary data and then gathered the data during two more days. In order to acquire data accurate over 

longer time periods we collected the data both on a regular week day and on a Thai holiday. By doing 

this we ensure that our two data samples come from as diverse scenarios as we possibly can create 

during our limited timetable. We have looked for behaviour patterns on these two days that might 

support or change our assumption of a very homogenous behaviour over a year. 

 

To be able to understand the size of the emissions we will also do complimentary samples.  

 

We have identified five different sources from where nutrients may be emitted into the water: toilet 

waste from toilets on the island, sewage from boats, boat engine emissions, litter and liquid food waste 

from the restaurant. The nutrient flows can be seen in figure 7.  

 

Human faeces and urine contains both phosphorus and nitrogen which makes it an important area to 

study. The toilets on the island are squat toilets and does not have flowing water but are flushed with a 

bowl of water from a bucket. The toilet paper does not go into the toilet but is thrown in a trash can. The 

toilet service doesn’t offer any toilet paper which means that the only toilet paper that is thrown away is 

what the tourists have brought with them. The toilet waste goes to an underground tank. The toilet 

system is old and the tank is assumed to be overflowing at the moment. Because of that we will assume 

that all of the toilet waste goes directly from the tank into the water.  

 

The only boats that are large enough to have toilets on them are the diving boats and the snorkelling 

boats. Therefore, we have focused our study to these two boat types. The toilet waste from the boats 

goes directly into the water.  

 

There can also be phosphorus and nitrogen in emissions from boat engines. Mosisch and Arthington 

(1998) refers to Kuss. et al (1990) and states that both NOx in the exhaust gases and phosphorus 

emissions, are chemical impacts of boating. However, nitrogen oxides are considered insignificant when 

looking at emissions that may remain in the water (Loong, Faithful & Brodie, 2001). The NOx-gases 

released to the atmosphere will not be included in this study as we only are interested in the phosphorus 

and nitrogen emissions that ends up in the water. Liddle M. J. and Scorgie H. R. A. (1980) also states that 

no impact was observed from motor exhaust when looking at fish’s response to recreational boating. 

They also claim that emissions from boating are negligible to pollution from litter and crude sewage. We 

will therefore not quantify this emission. 

 

During a day the trash cans on the island will fill up with different kinds of trash. It mostly consists of 

water bottles, coconuts and fruit plates that have been bought at the shops. The waste from the fruits 

and coconuts will consist of the peels from the fruits, the shell of the coconut and leftovers from the fruit 

meat. The fruits sold on the island are mango, pineapple, orange and durian. Littering will occur all over 

the island. All the trash on the island is collected and burned at two different burning sites at the day's 
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end. The burning sites location can be seen in Figure 7. The burning sites are located on slopes which 

means that the ashes from the burning sites will flow into the water in the bay when it rains. Litter that 

the visitors might have brought from the mainland will be regarded as negligible since the same amount 

of litter probably will be removed from the island. 

 

Because of reasons earlier explained, the gases that comes from combustion are not investigated in this 

report, which includes the NOx gases. Belevi and Moench (2000) says that most of the phosphorus in 

municipal solid waste incineration plants remain in the bottom ashes after combustion and less than 

0.1% is emitted as gas. Lam et al. (2010) also says that bottom ashes contains high amounts of P, enough 

to possibly use it as a fertiliser. Based on this, we assume that all of the phosphorus in the waste will end 

up as ashes that eventually ends up in the bay area water. Belevi and Moench also states that only about 

0.1 % of the waste that is incinerated remains as nitrogen in ashes. This can be compared to the number 

of 0.01%-0.09% that Chandler et al. (1997) showed. The conclusion from this is that the amount of 

nitrogen in ashes is so low that it is negligible in our case. Therefore, the nitrogen in waste is not 

included in this report.  

 

The waste generated from the restaurant is mainly liquid waste from noodle dishes that tourists and 

staff have bought and eaten during the day. The liquid waste is collected in a bucket. The staff does not 

want to talk about where they dispose of the liquid waste which means that in we will have to assume 

that all of it is poured into the water in the bay area.  

 

Figure 7. Diagram showing the nutrient flows and their sources on Ko Sak.  
* Nitrogen from litter at the burning sites will be emitted into the air and we will assume it not to reach the water in the bay 
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2.3 FLOW QUANTIFICATIONS 

Complete calculations and raw data for this sections equations can be found in appendix A. 

 

2.3.1 AMOUNT OF VISITORS PER DAY 

To be able to achieve an accurate estimation on the amount of people visiting the island daily we have 

kept track of each boat arriving to the island and counted the number of people on each boat. This has 

been done by looking out at the bay area from a place in front of the restaurant where we could see the 

whole bay at the same time. We have written down the arrival time of the boats and counted the 

number of people on each boat. When there were a lot of arriving boats at the same time the amount of 

passengers on each boat has been approximated. 

 

We have not been able to arrive to the island before the first visitors did, and therefore we have counted 

the number of people present on the island when we arrived, in the same way as described in “Nutrients 

in toilet waste from toilets on the island”, and assumed that no one had left the island yet. Other missing 

data points have been acquired through a combination of linear extrapolations and interpolations. 

 

 

2.3.2 NUTRIENTS IN TOILET WASTE ON THE ISLAND 

The amount of phosphorus and nitrogen emitted through toilet waste has been quantified by using a 

combination of observations on the island and existing literature data on average phosphorus and 

nitrogen content in different sources. 

 

Welch et al., (2009) states that the mean dietary intake of phosphorus for women in Malmö is 1.182 

g/day and the equivalent number for men is 1.505 g/day, after looking at how this number differs in 

Europe we think that the number from Sweden is a good estimate for the tourists visiting Ko Sak. As we 

haven’t observed any sizeable difference between amount of men and women at Ko Sak, we will be 

using an average of 1.3455 g/day and assume that everything will be released as toilet waste. Leon L.M. 

and Warnken J. (2008) presents the average nitrogen output from faecal matter and urine as 9-17.5 

g/person and day. In response to this we will use the mean value of 13.25 g/person and day. 

 

Since the tourists who comes to Ko Sak doesn’t stay there for the whole day the numbers for both 

phosphorus and nitrogen will be divided with 24 to get the number of phosphorus and nitrogen in toilet 

waste during an hour. This means that the average phosphorus from toilet waste is 0.056 g/h and the 

average nitrogen from toilet waste is 0.552 g/h. 

 

The total phosphorus and nitrogen in toilet waste during a day is calculated as:  

𝑃𝑡𝑜𝑖𝑙𝑒𝑡𝑠 = ∑ 𝑛𝑖,𝑝𝑒𝑜𝑝𝑙𝑒 ∗ 𝑃𝑓𝑎𝑐𝑡𝑜𝑟,𝑇

24

𝑖=1

                                                                                                                   (1) 

            

𝑁𝑡𝑜𝑖𝑙𝑒𝑡𝑠 = ∑ 𝑛𝑖,𝑝𝑒𝑜𝑝𝑙𝑒 ∗ 𝑁𝑓𝑎𝑐𝑡𝑜𝑟,𝑇

24

𝑖=1

                                                                                                                  (2) 
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Where Pfactor,T is the average phosphorus in toilet waste per person and hour and Nfactor,T is the average 

nitrogen in toilet waste per person and hour. ni,people is the number of people currently on the island and i 

is each hour during a day. 

 

ni,people has been observed at the island by counting every person currently seen on the island every hour 

through physically walking around and counting every person with a clicker. This has been done once per 

hour and the amount of people counted is assumed to be static and only changes once every hour. Only 

the people on the island will be counted, not people on boats or near the dive or snorkelling boats. The 

staff who works there will also be excluded.  

 

 

2.3.3 NUTRIENTS IN BOAT SEWAGE 

The nutrients in boat sewage has been quantified by keeping track of the snorkelling and diving boats in 

the bay. We have observed and photographed the boats to keep track of the time when they arrived and 

departed. We have also estimated the amount of people on each boat through live observations and the 

photographs taken. In this study we assume that none of the people on the boats will leave them during 

the time they are staying in the bay because we haven’t observed any such behaviour during our visits.  

 

Liddle M. J. and Scorgie H. R. A. (1980) presented a table showing constituents of boat sewage, they 

listed the total amount of nitrogen (Ammonia-form and Nitrate) as 10.4 g per person and day and the 

total amount of phosphorus as 1.5 g per person and day. As mentioned above under “Nutrients in toilet 

waste on the island”, Leon L.M. and Warnken J. (2008) calculated that the amount of nitrogen loads to 

the water from recreational vessels was 9-17.5 g per person and day. We have used the mean value from 

the two sources resulting in 13.25 g.  

 

Based on these two sources we used the average, resulting in the following calculation: 

P= 1.5 g per person and day 

N= (10.4+13.25)/2 = 11.83 g per person and day 

 

As the people on the boats doesn’t stay there during a whole day the numbers has been divided by 24 to 

get the amounts of phosphorus and nitrogen released during an hour. This means that Pfactor,S = 0.0625 g 

and Nfactor,S = 0.4929 g. 

 

Total phosphorus and nitrogen from boat sewage in a day is calculated as following: 

 

𝑃𝑠𝑒𝑤𝑎𝑔𝑒 =  ∑ 𝑛𝑝𝑒𝑜𝑝𝑙𝑒,𝑏𝑜𝑎𝑡 ∗ 𝑡 ∗ 𝑃𝑓𝑎𝑐𝑡𝑜𝑟,𝑆                                                                                                      (3) 

         

𝑁𝑠𝑒𝑤𝑎𝑔𝑒 =  ∑ 𝑛𝑝𝑒𝑜𝑝𝑙𝑒,𝑏𝑜𝑎𝑡 ∗ 𝑡 ∗ 𝑁𝑓𝑎𝑐𝑡𝑜𝑟,𝑆                                                                                                     (4) 
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Where npeople,boat is the total number of people on the boat, t is the total time the boat is staying in the 

bay area and the factors are as stated above. This will be calculated and summarised for all the dive and 

snorkelling boats.  

 

 

2.3.4 NUTRIENTS IN LITTERING 

Since no nitrogen is assumed to be left in the ashes only phosphorus is studied. To help determine what 

kinds of trash that are relevant to study we used Table 1 to our help. The table shows that organic waste 

is the largest source of phosphorus in these four different kinds of waste. 

 

Table 1. Phosphorus concentration (%) of different municipal solid waste components. (Sokka, 

Antikainen & Kauppi, 2004) 

Waste fraction: P content: 

Organic waste 0.4 

Paper and cardboard 0.024 

Textile waste 0.014 

Plastic Not applicable 

 

  

As said earlier, the trash in the bins mainly consists of plastic and organic waste. This means that the very 

small amounts of textile waste and paper and cardboard waste that may be thrown in the bins, in 

combination with the low phosphorus content they have, are excluded from this study as the end result 

will be a negligible number. As the phosphorus content in plastic is not applicable it will also be excluded, 

which leaves organic waste as the only relevant factor to research. The fruit plates sold have been 

identified as consisting of approximately 80 % mango and pineapple fruit plates with about the same 

amount of mangos and pineapple on them in average, 10% orange fruit plates and 10% durian fruit 

plates. The amount of food waste worldwide is about a third of the amount produced (FAO, 2016). The 

fruit that is thrown away on the island are mainly the cores and the shells but also some uneaten fruit 

meat. Based on these numbers we will assume that the amount of fruit thrown away on the island is 

about 30% of the initial mass. 

 

The following equations have been created to calculate the phosphorus loading from fruits and 

coconuts: 

 

𝑃𝑓𝑟𝑢𝑖𝑡𝑠 = ∑ 0.3 ∗ 𝑃𝑓𝑎𝑐𝑡𝑜𝑟,𝐹 ∗ 𝑛𝑖,𝑓𝑟𝑢𝑖𝑡𝑠 ∗ 6

24

𝑖=1

                                                                                                    (5) 
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𝑃𝑐𝑜𝑐𝑜𝑛𝑢𝑡𝑠 = ∑ 𝑃𝑓𝑎𝑐𝑡𝑜𝑟,𝐶 ∗ 𝑚𝑐𝑜𝑐𝑜𝑛𝑢𝑡 ∗ 𝑛𝑖,𝑐𝑜𝑐𝑜𝑛𝑢𝑡𝑠 ∗ 6

24

𝑖=1

                                                                                (6) 

        

 

Where Pfactor,C is the phosphorus content in coconuts (g P/g coconut). mcoconut is the weight of the leftover 

coconuts in grams and ni,fruitplates and ni,coconuts is the amount of coconuts and fruits sold for each 10 

minute interval. This will all be summarised for each hour (i) during a day. Pfactor,F will be calculated as 

shown in the following equation: 

 

𝑃𝑓𝑎𝑐𝑡𝑜𝑟,𝐹 =  ∑ 𝑝𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒𝑓𝑟𝑢𝑖𝑡𝑝𝑙𝑎𝑡𝑒𝑠 ∗ 𝑚𝑓𝑟𝑢𝑖𝑡,𝑖 ∗ 𝑃𝑓𝑟𝑢𝑖𝑡,𝑖 ∗ 𝑛𝑓𝑟𝑢𝑖𝑡𝑠𝑜𝑛𝑝𝑙𝑎𝑡𝑒                                        (7) 

Where percentagefruitplates is the percentage of the total fruit plates that is a certain fruit type (i.e. mango, 

durian etc), mfruit,i is the average mass of one fruit of each fruit type, Pfruit,i is the phosphorus content of 

each fruit type and nfruitsonplate is the number of fruits on one plate. 

 

The number of fruit plates and coconuts sold has been approximated through observing the amount of 

fruit plates and coconuts bought at the shops each hour. Due to lack of time and manpower observations 

has been done for 10 minutes each hour with the assumption that the same behaviour in consumption 

will be representable for the whole hour.  

 

The phosphorus contents in fruits and coconuts will be obtained through literature studies. The numbers 

will be assumed to be the same for the whole fruit (both peels, meat and liquid). The average mass of 

each fruit has also been acquired through literature studies. The mass of leftovers from coconuts will be 

measured by weighing a coconut shell.  

 

We do not look at fruit plates and coconuts sold after 12:10 because the numbers sold would not be 

accurate for the whole hour because of such low numbers. The owners of the stands leave their places 

after 12 and return only when they see a customer. This is because of low amounts of customers in the 

afternoon. This contributes to our thought that the fruit and coconuts sold in the afternoon are not 

relevant to study.  

 

 

2.3.5 NUTRIENTS IN LIQUID FOOD WASTE 

The food from the restaurant on the island is mainly noodles which generates liquid waste. To obtain the 

amounts of nutrients in the liquid food waste we have looked at the content of nutrients in three 

different noodle dishes to get the amount of phosphorus per portion. These numbers were obtained 

through literature studies. We assume that the majority of the phosphorus is in the noodle water rather 

than in the noodles themselves. 

 

The only source we could find for nitrogen in food is through protein. There is a factor 6.25 for 

calculating the amount of protein in different foods if we know the amount of nitrogen in the food 

(Livsmedelsverket, 2016a). This means that if we know the amount of protein in the different noodle 

dishes we are studying, we can calculate the amount of nitrogen. 
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The amount of noodle dishes purchased from the restaurant during a day has been acquired through 

observations. 

 

The total nutrients from liquid food waste is calculated as following: 

𝑃𝑙𝑖𝑞𝑢𝑖𝑑 = 𝑛𝑝𝑜𝑟𝑡𝑖𝑜𝑛𝑠 ∗ 𝑃𝑓𝑎𝑐𝑡𝑜𝑟,𝐿                                                                                                                           (8) 

           

𝑁𝑙𝑖𝑞𝑢𝑖𝑑 = 𝑛𝑝𝑜𝑟𝑡𝑖𝑜𝑛𝑠 ∗ 𝑁𝑓𝑎𝑐𝑡𝑜𝑟,𝐿                                                                                                                          (9) 

           

 

Where nportions is the total amount of portions observed in a day and Pfactor,L the amount of phosphorus in 

one average portion of noodles. Nfactor,L is the amount of nitrogen in one average portion of noodles and 

will be calculated as following: 

 

𝑁𝑓𝑎𝑐𝑡𝑜𝑟,𝐿 = 𝑚𝑝𝑜𝑟𝑡𝑖𝑜𝑛 ∗
𝑚𝑝𝑟𝑜𝑡𝑒𝑖𝑛

6.25
                                                                                                                      (10) 

          

 

Where mportion is the mass of an average portion and mprotein is the average protein content of our three 

dishes.  

 

 

2.4 SAMPLING  

To give a good reference to the significance of our flows we used water sampling and measured the 

concentration of phosphate and nitrate in the bay area. We have taken samples on 3 different spots, on 

the left side, in the middle and on the right side of the North bay area. The samples have been collected 

both during high and low tide and 3 samples for each time and location. We also did the nitrate sampling 

on one more day. This equals to 36 samples in total for the bay area. We have then used the average of 

these samples as an approximation for the whole bay area concentration. The nitrate samples have then 

been analysed through the cadmium reduction method and the phosphate through the ascorbic acid 

method. 

 

The sample data and further description of the analysis methods can be found in appendix B with 

correlating calculations. 
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3 RESULTS 

3.1 AMOUNT OF VISITORS PER DAY 

In appendix C all of the arriving boats and the amounts of passengers on each boat can be seen. Table 2 

shows the total amount of arriving visitors per day. April 13 is during the Thai holiday Songkran, while 

May 8 is a regular weekday. It shows that there were approximately 700 more visitors on April 13 than 

May 8. The numbers of visitors on May 8 was also confirmed with a tour operator who had calculated 

about 2000 arriving tourists. 

 

Table 2. Total amount of visitors arrived to the island each day 

Date April 13 May 8 

Total amount of visitors 2722 2039 

 

To complement these numbers, we also looked at the amount of people present on the island each hour 

in figure 8. It is clear that the most visitors are there in the morning between 8:45 and 10:45 and leaves 

at lunchtime. During the afternoon there aren’t many visitors left. This indicates a pattern in the 

behaviour which seems to be consistent over the day, total amounts of visitors and people observed 

each hour seems to correlate with a slight abnormality at the first data point. We have also included the 

numbers we gathered during our test day on April 12 which also matches the behavioural pattern of the 

visitors.   

 

 
Figure 8. Amount of people present on the island each hour.  
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3.2 PHOSPHORUS AND NITROGEN EMISSIONS FROM DIFFERENT ACTIVITIES 

3.2.1 NUTRIENTS IN TOILET WASTE ON THE ISLAND 

The visitor trend is shown earlier in figure 8 and the data is presented in appendix C. This data is used as 

npeople in equations 1 and 2. Significant data has only been found on 8 hours and the other 16 is assumed 

to have no visitors. The results of the calculations in equation 1 and 2 are showed in table 3.1 and 3.2. 

These results shows that the total nutrient emissions from toilet waste was a little bit higher on May 8 

than on April 13. Since the numbers are based on the amount of visitors present on the island each hour 

as the only changing variable, the results of the toilet emissions also show the same pattern as the 

number of people observed with the highest emissions in the morning when there are the most visitors 

present on the island.  

 

Table 3.1. Total toilet waste nutrient emissions 

from April 13 

Time P (g) N (g) 

08:45 19.43 191.54 

09:45 45.04 443.81 

10:45 45.86 452.09 

11:45 26.82 264.41 

12:45 7.11 70.10 

13:45 7.00 69.00 

14:45 8.62 85.01 

15:45 0.56 5.52 

Total 160.44 1581.48 

 

 

Table 3.1 shows that the total phosphorus emissions on April 13 was 160.44 g and the nitrogen 

emissions was 1581.48 g compared to the emissions on May 8 presented in table 3.2 which were 163.02 

g and 1606.87 g. The difference is 2.58 g phosphorus and 25.39 g nitrogen between the different days. 

 

The complete data and calculations can be found in appendix A. 

 

 

 

 

 

 

 

Table 3.2. Total toilet nutrient emissions 

from May 8 

Time P (g) N (g) 

08:45 40.15 395.79 

09:45 49.50 487.97 

10:45 39.93 393.58 

11:45 21.17 208.66 

12:45 5.54 54.65 

13:45 4.93 48.58 

14:45 1.29 12.70 

15:45 0.50 4.97 

Total 163.02 1606.87 
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3.2.2 NUTRIENTS IN BOAT SEWAGE 

Table 4.1 and 4.2 shows the time spent in the bay area and the number of people on each of the diving 

and snorkelling boats during the two days. These numbers were used in equations 3 and 4 and resulted 

in the following phosphorus and nitrogen emissions displayed in the tables. The full data on the 

observations of the diving and snorkelling boats is presented in appendix D. 

 

 

Table 4.1. Phosphorus and nitrogen emission from sewage in diving and snorkeling boats April 13 

Boat Time spent in 
the bay 

Number of 
people 

P emission (g) N emission (g) 

Orange boat 1 7 h 15 min 2 0.91 7.15 

White boat 6 h 29 min 23 9.32 73.50 

Orange boat 2 7 h 34 min 13 6.15 48.48 

Blue boat 2 h 28 min 6 0.93 7.29 

Yellow roof 1 h 51 min 15 1.73 13.68 

Light + dark blue slide 1 h 13 min 2 0.15 1.20 

Total   19.19 151.30 

 

 

Table 4.2. Phosphorus and nitrogen emission from sewage in diving and snorkeling boats May 8 

Boat Time spent in 
the bay 

Number of 
people 

P emission (g) N emission (g) 

Yellow roof 6 h 20 7.50 59.15 

White boat 1 8 h 40 min 20 10.84 85.47 

White boat 2 8 h 40 min 20 10.84 85.47 

White boat 3 1 h 18 1.13 8.87 

Green+blue water slide 1 h 25 min 39 3.46 27.30 

Pink + green water slide 1 h 15 min 30 2.33 18.34 

Orange roof 50 min 20 1.04 8.18 

Green+blue water slide 2 h 16 min 39 5.53 43.64 

Pink + green water slide 2 h 16 min 30 4.26 33.57 

Total   46.91 369.98 
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The emissions in boat sewage are higher during May 8. The total nitrogen emissions during May 8 are 

369.68 g compared to 151.30 g on April 13. Likewise, the phosphorus emissions are 46.91 g on May 8 

and 19.19 g on April 13. The reason for the much higher emissions on May 8 is that there are nine boats 

present on May 8 and only six on April 13, where most of the boats on May 8 also had more visitors.  

 

 

3.2.3 NUTRIENTS IN LITTERING 

To be able to quantify the phosphorus in littering we have compiled table 5 to show the phosphorus in 

our different kinds of fruit per gram and the weights for a whole, standard fruit. The data of the weights 

of the fruits and the phosphorus content in durian and coconuts were gathered from USDA while the 

phosphorus content in mango, pineapple and orange was acquired from Livsmedelsverket. The weight of 

the coconut was measured by ourselves and was of a coconut that had been emptied of its liquid. 

 

Table 5. Phosphorus content and weights of different kinds of fruits and coconuts (Livsmedelserket, 

2016bcde),(USDAabcd) 

 

Fruit and coconuts P content (g P/ g food) Weight (g) 

Mango 0.00011 336 

Pineapple 0.00007 905 

Orange 0.00011 159 

Durian 0.00039 602 

Coconut 0.00113 1300 

 

 

The phosphorus content is represented by the variables Pmango,Ppineapple, Porange and Pdurian, and the weight 

by mmango, mpineapple, morange and mdurian in equation 7. As can be seen in the table, the durian has the 

highest phosphorus content per gram but as can be seen in equation 7, the mangos and pineapples 

accounts for the largest volume of sold fruits. The variable Pcoconut from equation 6 can also be found in 

table 5 in the column “P content” while mcoconut is the weight. 

 

To be able to calculate equations 5 and 6 we have also counted the amount of coconuts and fruit plates 

sold each hour on the island. Table 6 shows the number of fruit plates and coconuts sold during a 10 min 

period each hour which are the variables ni,fruitplates and ni,coconuts.  
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Table 6. Number of fruit plates and coconuts sold per 10-minute interval 

Time Coconuts Fruit plates  Coconuts Fruit plates 

09:10-09:20 - -  8 26 

10:10-10:20 27 29  12 14 

11:10-11:20 9 9  1 1 

12:10-12:20 1 5  4 0 

Total 37 43  25 41 

 

 

On April 13 the highest amount of sold coconuts and fruit plates was during 10:10-10:20 while on May 8 

the highest amount of sold fruit plates was between 09:10-09:20 and the highest amount of coconuts 

sold was between 10:10-10:20. The numbers of fruit plates and coconuts sold decrease towards 

lunchtime. The total amount of fruit sold during the day can be acquired from multiplying the total 

amounts in table 6 by 6. If we do this, then we get a total of 222 coconuts and 258 fruit plates sold 

during April 13 and 150 coconuts and 246 fruit plates sold on May 8. Even though May 8 had an extra 

data point there were more coconuts and fruit plates sold during April 13. 

 

This data is then run through equations 5 and 6 resulting in the phosphorus and nitrogen emissions 

shown in table 7. The ten minute periods have been converted to correspond to the whole hour, which 

means that 09:10-09:20 will correspond to 8.45-09-45 and so on. 

 

Table 7. Phosphorus emissions from littering 

 

 

 

Time 
P emission 

coconuts (g) 
P emission fruit 

plates (g) 
 P emission 

coconuts (g) 
P emission fruit 

plates (g) 

08:45-09:45 - -  70.51 3.71 

09:45-10:45 237.98 4.14  105.77 2.00 

10:45-11:45 79.33 1.28  8.81 0.14 

11:45-12:45 8.81 0.71  35.26 0.00 

Total 326.12 6.14  220.35 5.85 

 

 April 13   May 8 

 April 13   May 8 
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The phosphorus emissions from fruit on April 13 are higher than on May 8 because a higher number of 

fruits sold. The phosphorus emissions from coconuts is a lot higher on April 13 than on May 8 whereas 

the difference in phosphorus emissions from fruit plates between the days isn’t even a gram. Also 

notable is that the fruit only contributes to 2.22 % of the total phosphorus emissions over the two days. 

 

 

3.2.4 NUTRIENTS IN LIQUID FOOD WASTE 

To make a good estimate on how much nutrients that are thrown away as liquid waste we have studied 

three different noodle dishes similar to the ones sold on the island. The dishes are: 

● Dish 1: Rice noodle soup with curry and sesame oil 

● Dish 2: Stir fried vegetables with noodles 

● Dish 3: Boiled noodles with spices 

 

The phosphorus levels and the average portion sizes of the different dishes can be seen in table 8.  

 

Table 8. Phosphorus content in different noodle dishes 

 Dish 1 Dish 2 Dish 3 Average 

P content/100g 0.0368 0.0349 0.0279 0.0332 

Portion size (g) 250 - 175 212,5 

Total average P per portion (g)    0.0706 

(Livsmedelsverket, 2016fgh) 

 

Table 9 shows the protein in each dish and the average protein in the three dishes. With these numbers 

and the average portion size from table 8 we can calculate the average nitrogen content in a noodle dish 

with equation 10. This results in a total nitrogen content of 0.5508 g/portion and the corresponding 

phosphorus content is 0.071 g/portion and is presented in table 9. 

 

Table 9. Protein content in different noodle dishes 

Dish g protein / 100 g 

Dish 1 0.71 

Dish 2 1.72 

Dish 3 2.43 

Average 1.62 

 

Table 10 shows the total amount of people observed eating at the restaurant during the two days. As we 

can see there were six more people seen eating at the restaurant at April 13 than on May 8 which 

correlates with the larger numbers of visitors on 13 April.  
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Table 10. Amount of people observed eating on each day 

Date Number of people 

April 13 32 

May 8 24 

 

With the help of equations 8 and 9 we calculated the total phosphorus and nitrogen emissions. In table 

11 you can see that both the phosphorus and nitrogen emissions were higher on April 13 than on May 8. 

There were more people eating on April 13 which explains the higher numbers. 

 

Table 11. Total phosphorus and nitrogen emission from liquid restaurant waste on each day 

Date Total P emissions (g) Total N emissions (g) 

April 13 2.47 17.63 

May 8 1.69 13.22 

 

 

3.3 TOTAL NUTRIENT EMISSIONS  

The phosphorus emissions in the study ranged from 1.69 g to 332.25 g with liquid restaurant waste as 

the smallest source and littering as the highest one during both days, as can be seen in figure 9. Both 

littering and toilet waste were in both days the absolute highest contributors to the phosphorus 

emissions, accounting for over 90% of the emissions together on April 13 and almost 90% on May 8. The 

liquid restaurant waste was only 0.44% of the total phosphorus emissions on April 13 and 0.39% on May 

8 while the littering accounted for over 50% both days. The emissions from toilet waste and boat sewage 

were higher on May 8 than April 13 while the opposite applied to liquid restaurant waste and littering. 

The emissions were higher on April 13 with total emissions of 514.14 g of phosphorus compared to 

437.82 g on May 8. 
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Figure 9. Total phosphorus emissions (g) from different activities. 

 

Toilet waste was by far the highest source of nitrogen emissions. On April 13 the toilet waste accounted 

for about 90 % of the total nitrogen emissions and on May 8 it accounted for almost 80%. The emissions 

ranged from 13.22 g nitrogen in liquid restaurant waste on May 8 to 1606.87 g phosphorus in toilet 

waste, also on May 8. Both nitrogen emissions from toilet waste and from boat sewage were higher on 

May 8 than on April 13 but the liquid restaurant waste emissions were a bit higher on April 13. The total 

emissions were 1750.41 g on April 13 and 1990.07 g on May 8, a difference of about 240 g. 
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Figure 10. Total nitrogen emissions (g) from different activities.  

 

Our findings show that the phosphorus emissions were higher on April 13, when there were more 

visitors, than on May 8, when there were less visitors. Though the same did not apply for nitrogen 

emissions where the highest emissions occurred on May 8. The big difference observed on May 8 

concerning nitrogen emissions comes mainly from the increased boating activity resulting in higher 

emissions from them. The difference in toilet waste emissions between the two days is approximately 

1 %. 

 

3.4 SAMPLING 

The average phosphate concentration measured in the bay was 0.74 mg/l and the nitrate concentration 

4.56 mg/l. By using a reference sample we also observed a higher concentration on the right side of the 

bay in terms of phosphate. 
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4 DISCUSSION 

4.1 SIZE OF EMISSIONS 

The largest sources of phosphorus emissions were toilet waste and littering on both of the days studied. 

The littering coincides with the larger number of visitors on April 13 but the toilet waste does not. The 

toilet waste is based on the number of visitors observed on the island each hour and is higher on May 8 

than on April 13. This is because there are more observed visitors each hour, the difference is however 

only 1.6 %. Provided our results for the observed amount of visitors each hour on the island are right, it 

means that the toilet waste emissions are not linkable to the total amount of visitors. We do however 

think that this deviation has more to do with our method and this is discussed further in the section 

“Sources of error and reliability of results”. The total phosphorus emissions were the largest on April 13 

with 514.14 g phosphorus emitted compared to 437.82 g on May 8. This means that the largest 

phosphorus emissions occurred on the same day as the highest amounts of arriving visitors to Ko Sak. 

The low amount of phosphorus emitted from liquid restaurant waste, only accounting for 0.44% and 

0.39%, makes it negligible in comparison to the emissions from the other sources. This means that the 

focus for possible reductions of phosphorus emissions should be focused mainly on littering and toilet 

waste from a phosphorus emissions perspective since they account for approximately 90% of the 

phosphorus emissions. The boat sewage is not irrelevant but the emissions are quite low in comparison 

to littering and toilet waste.  

 

The nitrogen emissions are clearly dominated by the toilet waste. It accounts for 80 % - 90 % of the total 

nitrogen emissions which makes it the most important area to focus on when talking about possible 

reductions. The liquid waste only accounts for ≤1 % which makes it almost irrelevant when it comes to 

nitrogen emissions, just as it did with phosphorus emissions. Boat sewage accounts for just under 20 % 

of the total nitrogen emissions on May 8 which makes it significant but is still a lot smaller than the toilet 

waste. However, the boat sewage emissions were a lot lower on April 13, which is due to fewer boats 

and fewer passengers on them than on May 8. 

 

The total nitrogen emissions were 1750.41 g on April 13 and 1990.07 on May 8. This result is mainly due 

to the higher amount of boat sewage emissions and our conclusion from this is that the diving- and 

snorkelling boat tours are not affected by seasonal changes in the same way that the regular tours to the 

island are. Instead their seasonal changes seem more sporadic and we have not found any pattern of it 

so far. Also the fact that they are very few makes it hard for us to get reliable statistics on the number, 

one boat’s abnormal behaviour will affect our results too greatly. The difference in toilet waste is less 

than 1 % and the reason for that is discussed further under “Sources of error and reliability of results”. 

 

To say whether the emissions are large enough to have an impact on the coral reef or not will require 

further studies but will be briefly discussed in the section “Comparison to other studies”. 

 

 

 

 

 



 
23 

 

4.2 POSSIBLE REDUCTIONS IN NUTRIENT EMISSIONS 

As mentioned when discussing the sizes of the emissions the focus should be on reducing emissions from 

littering and toilet waste regarding phosphorus emissions and toilet waste and boat sewage regarding 

nitrogen emissions. 

 

The easiest flow to reduce but also the most expensive one for the island owners, from our perspective, 

is the toilet waste. The toilet waste is the source responsible for the highest nutrient emission and the 

sole reason for it is a long forgotten septic tank and poorly maintained facilities. The result of this is that 

nutrients will end up in the ground and most likely in the water in the bay. The solution to all this is to 

build facilities with proper containment and drainage. As the situation is today, the status of the septic 

tank is unknown and after talking to several people we have made the assumption that the septic tank 

leaks and if it does not it should be full and have been so for a long time. All the waste that should have 

ended up in the toilets but does not by one reason or another is today just washed into the ground 

because there is no proper drainage. By fixing all this they would dramatically reduce these emissions 

and even though resources are scarce it should be a very well worth investments both in terms of 

reducing nutrient emissions but also in attracting a more lucrative type of tourists in terms of willingness 

to pay. 

 

The littering however is not quite as easy. The problem in terms of nutrients is mostly focused on the 

fact that everything is burned and that almost all Phosphorus will stay in the ashes. One solution to some 

of the nutrient emission problem could be to construct a compost to put some of the organic waste in. 

Although that would not solve the whole problem since there is too much waste. Solely the coconuts 

were approximated to be 150-222 pieces sold each day. That is about 150*1.3=195 kg of coconut waste 

to get rid of every day which would be too much for the small island to handle just through composting. 

This is probably one of the reasons for why all of the litter is burned instead of recycled or shipped away 

to the mainland. Though, a compost could help to remove some of the organic waste. To close the loop 

the composted material could be used as fertilizer in order to grow your own foods in a future fruit and 

vegetable garden (Phillips, 2016). This would not need large monetary investments but it would however 

need commitment. This wouldn’t stop the nutrient flow but it would reduce it. 

 

The most effective solution to reduce nutrient emissions from littering is to completely stop selling 

coconuts. As seen in table 8 the most of the nutrient emissions comes from the coconuts, while the fruit 

sold accounts for merely 2 % of the emissions. The demand of coconuts is large but our hypothesis is that 

no one really knows what to expect when they get to the island which means that no one would miss the 

coconuts if they were removed. This will of course require further studies to be able to know exactly how 

the visitors think and how they will react. The lost income from not selling coconuts could be replaced 

with selling fruits or other food or even trinkets and souvenirs with lower phosphorus concentrations 

and chance of phosphorus emissions. The whole logistics of shipping heavy coconuts to an island, where 

people only drink the small amount of juice inside it, and then they burn it also seems very ineffective to 

us which leads us to believe that changing product could be financially beneficial. 

 

Reducing boat sewage emissions is a relatively complicated mission. The island owners and the staff at 

the island can’t really control what kind of toilets boats have that comes into the bay. The ideal solution 
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is to prevent all boats with toilets from releasing the toilet waste close to land. This would probably need 

some kind of legislation to function properly and this is something that can take time and is very 

uncertain. Officials are however just now starting to realise how threatened some of their coral reefs are 

and closing islands for tourists in order to try to preserve coral reefs (Pongrai & Rujivanarom, 2016) 

which increases the probability of such a legislation. Another option is to completely stop the snorkelling 

and diving boats from coming into the bay. This might seem drastic but the people on the diving and 

snorkelling boats never actually set foot on the island, and as of what we are aware of, the companies 

who own the boats does not have an agreement with the island owners which means that the owners 

don’t financially benefit from it. Since they don’t seem to earn any money on the dive and snorkelling 

boats being there it seems unnecessary to let them stay there in the first place since only the boat 

owners earn anything on it. It might be hard to stop the boats from coming though, since there is really 

no way to stop them from being there except than to tell them that they can’t.  

 

 

4.3 FACTORS NOT INCLUDED IN THIS REPORT 

A lot of limitations has had to been done to be able to go through with this study. An example of that is 

that we don’t model all flows on nutrients on the island but only the ones that may end up in the water 

on the North side. We don’t look at the south side either because of several factors; there are a lot less 

corals on the south side, there is a lot less human activity on that side of the island and the currents on 

that side of the island are a lot stronger which means that the nutrients that may end up in the water on 

that side will be less likely to have an impact on the corals. However, the south side of the island might 

be interesting to investigate in the future because of the high amount of trash that flows on to the 

beach. 

 

Also the impact from the nutrient flows we have modelled needs to be put in comparison with other 

sources of nutrient loadings. It is possible that possible nutrient emissions from the mainland to the 

ocean could be of large importance but we have had no chance of approximating such flows. Examples 

of such sources could be drain pipes, diffusion of fertilizers into the ocean and all kinds of trash dumping. 

Also factors from natural systems could possibly be larger and have more impact on the coral reef than 

the local nutrient emissions on Ko Sak. For example, the nitrogen deposition from the atmosphere 

accounts for about one quarter of the total sea nitrogen deposition (HELCOM, 2005). This also means 

that sources on land that generates NOx-gases could have a possible impact on the nitrogen levels in the 

ocean. 

 

 

4.4 SOURCES OF ERROR AND RELIABILITY OF RESULTS 

To be able to statistically ensure that the data is reliable we would need more visits to Ko Sak, which we 

have not had the time or resources to do in this study. We can however show a trend on how the 

emissions can be and of what size they can be during at least the spring season. The trends we found by 

studying our own data also correlates with the data we acquired from earlier studies on the island which 

also increases the reliability of the study. 
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4.4.1 AMOUNT OF VISITORS 

The amount of arriving visitors to the island can be considered to be quite reliable on May 8 since we 

could clearly see the whole bay area and all the arriving visitors. During the time around 10.30 when 

there were a lot of boats coming in at the same time, the counting was harder to do and we had to 

approximate the visitors on some boats. The number of arriving visitors on May 8 was also correlating to 

counting done by an independent source, one of the staff members on the island. The arriving visitors on 

April 13 is however lower in reliability. The counting was interrupted between 10:00 and 10:50 where we 

had to interpolate the amount of visitors arriving. The same method had to be used in the beginning of 

the day where the first count of people present on the island was made 8:45 and the arriving people 

count could not be started until 09:05. The arriving people during that time was extrapolated. This 

makes the amount of arriving visitors on April 13 uncertain. We do however know for certain that there 

were at least 1591 visitors on the island on April 13 because that is the number of visitors without the 

interpolation and extrapolation which can be seen in appendix C.  

 

People arriving to other parts of the island were not counted but since the east and west sides of the 

island are hard to get to and the south side has harder currents this time of year and as we haven’t 

observed any such behaviour during the previous visits to the island the amount of arriving visitors on 

these sides was considered negligible and does not have any effect on the reliability to our final results. 

We made the assumption that all the people present on the island when we did the first counting during 

the both days were also the total amount of arriving people during the time before our own arrival. The 

arriving visitors’ approximation on April 13 started at 8:45. On May 8 we were able to get to the island a 

bit earlier and could start our counting at 8:05. From 8:05 to 8:45 on May 8 we saw merely two 

departing boats which strengthens our assumption that the people present on the island are close to all 

the arriving visitors before our arrival times both days. In appendix C the counting of arriving visitors 

stops at 11:45 both days, this does not mean that the rest of the time we spend on the island during 

those days wasn’t considered. This just means that there are so few arriving boats that we didn’t stay put 

at our observation point. We stayed on the north side on the island the whole days until about 16:30 on 

April 13 and 15:30 on May 8 and didn’t see any more boats arriving at the North Bay area during that 

time. We do however not know if there are any visitors during the late evening or night. We have not 

seen or heard any indications of this though, which means that we can’t be sure that the results are 

accurate over a whole day but it is very unlikely that a very large amount of people were to arrive in the 

evening without anyone noticing. Our results can at least be considered to be reliable during the time we 

have been there. This means that the amount of arriving visitors on May 8, can be considered as very 

reliable while the amount of arriving visitors on April 13 is a bit more uncertain but for the purpose of 

our study good enough.  

 

To give us an indication of the accuracy of our numbers we have analysed a similar study by Dr Wayne N. 

Phillips and his students at Mahidol University International College (MUIC). In this study 3034 people 

were observed arriving to the island Ko Sak on a day in May 2015. This number is very close to the 

numbers we observed in the same time period in 2016 which indicates that our numbers are accurate. 

 

The counting of the total amount of people present on the island each hour is only a snapshot of the 

correct number of visitors during these hours. Since we haven’t had the opportunity to count both 
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arriving and departing visitors we can’t get a clear image of what happens with the flow of people. This 

means that there could be people coming to the island and leaving again between our counting. While 

being at the island we haven’t seen any drastically increasing or decreasing amount of visitors in 

between counting which makes us confident that they are at least an adequate approximation of the 

people present each hour.  

 

The counting itself were quite hard to do since people are moving around all the time which means that 

a person could have been counted twice or possibly not at all. There were also large clusters of people at 

some places which also made the counting harder. The less people present on the island, the more 

accurate is the result. The measuring point that is the most different between the days are the one at 

8:45 where the difference is almost 400 persons. One reason for this could be that all the data points on 

April 13 and May 8 were conducted by the same person except for the one on 8:45 on April 13 which 

was conducted by one of our supervisors. This means that the numbers could be different because of 

different measuring techniques were used.  

 

The number of people present on the island are in total higher on May 8 than on April 13 even though 

the total amount of arriving visitors was higher on April 13, which shows in the higher amount of 

phosphorus and nitrogen from toilet waste during May 8. The numbers are not that far apart but a 

higher amount of arriving visitors should also mean that the people present on the island also should be 

higher. This could have several different explanations or a combination of them: one, the average time 

that the people stayed could have been lower on May 8 because of the higher amount of arriving visitors 

with only a restricted number of speedboats existing in Pattaya. Two, since there are boats constantly 

arriving and departing the counting could have occurred during times that were not representable for 

the whole hour, but was either too high or too low on one of the days. Three, the amount of people 

present on the island is representable for the whole hour, but the approximation of arriving visitors on 

April 13 is too high.  

 

 

4.4.2 TOILET WASTE 

Since the toilet waste is based on the amount of visitors present on the island each hour the 

uncertainties for those, presented in the section above, are also passed on to the emissions from toilet 

waste. The number of nutrients emitted from toilet waste each hour is based on a whole day and does 

not represent the actual times that people go to the toilet on the island. This number may in fact be less 

because people doesn’t stay at the island that long. Another contributing factor could be that the 

standard of the toilets is quite low and it costs 10 THB to use them which might make the visitors less 

eager to use them and might decide to wait to go to a toilet until they have left the island. These factors 

are not researched in this study and will affect the reliability of our results. Although the need to go to 

the toilet is although a universal human need which points to that the numbers will be a quite good 

estimate, especially since there is such a high number of visitors that it statistically evens out over the 

visitors.  

 

Since the toilet waste goes into a tank that is buried underground it is hard to know if the toilet waste 

actually goes into the water. However, when looking at our samples we can see significantly larger 

phosphate concentrations on the right side, where both the toilet waste and the ashes from littering is 
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assumed to reach the water, which could be an indication that both the toilet waste and the phosphorus 

from littering goes into the water. In this report we have calculated the worst case scenario which would 

be if all the toilet waste would go directly into the ocean at the bay area. It is also possible that is takes 

some time for the nutrients from toilet waste to actually get to the water, which means that the 

nutrients on the observed days might not reach the water until a couple of days later. The diffusion time 

and direction of the toilet waste might be good subjects for further future investigations. Models exist 

for calculating the diffusion but more data is required in terms of environmental data for it to be done. 

 

 

4.4.3 SEWAGE 

The amount of nutrient emissions from boat sewage was a lot higher on May 8 than on April 13. This is 

because of the higher number of diving- and snorkelling boats on May 8, 9 boats compared to April 13 

when there were only 6 boats. Although the boats in average did stay longer on April 13 than on May 8 

there were more people on the boats on May 8 which meant that the emissions also were larger on that 

day. One of the reasons that the people observed on the boats were less on April 13 than on May 8 could 

be that we on April 13 counted the people on the boats while looking at pictures of the boats because of 

lack of time and that we on May 8 could do a combination of counting on site and through looking at 

pictures, which also was quite hard since the boats were quite far away. We believe that the numbers of 

visitors on the boats on April 13 is an understatement and might actually be around the same average as 

on May 8.  

 

We have managed to look at the boats during the whole time we have spent on the island during the 

both days. This means that we have studied the boats from 08:45 to 16:30 on April 13 and from 08:00-

15:30 on May 8. We have had to make the assumption that the boats leave soon after we have left. This 

assumption was based on the fact that when it gets dark it will be really hard to see the corals which 

makes snorkelling and diving unattractive. This means that even though we have not been able to study 

the diving and snorkelling boats during the whole day, we believe that our numbers on the time they 

have spent in the bay quite accurate.  

 

Another possible source of errors for the boat sewage emissions could be that we haven’t actually set 

foot on one of the diving or snorkelling boats and therefore haven’t seen if they actually have toilets on 

them. However, the boats are staying in the same place so long that even if they boats the passengers 

will have to carry out their need in the water anyways which means that the emissions would be the 

same. We have also never seen any of passengers on the boats go to the island which means that they 

can’t use the toilets there either. 

 

 

4.4.4 LITTERING 

When looking at the phosphorus emissions from littering we can see that the phosphorus emissions 

from coconuts is very dominating. The emissions from fruit only accounts for 1.85 % on April 13 and 

2.59 % on May 8. The conclusion that can be drawn for this is that the emissions from fruit is close to 

negligible in comparison to the high phosphorus emissions from coconuts. The total emissions were 

higher on April 13 which matches the higher amount of sold coconuts during that day. The good thing 
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about that it is the coconuts that matters the most is that the numbers for coconuts are more reliable. 

We have been able to actually weigh a coconut without the coconut juice in it which means that the 

weight we are using to calculate is sure to be representable of the real weights of the coconut waste. 

The amount of waste from fruits is much harder to determine since we don’t know the exact share of the 

different fruit sold and the amount of fruit waste thrown away is only an approximation based on 

literature which might differ in our case. This means that it could be either higher, because of the large 

mass of shells and cores of the fruits, but it could also be lower since all of the fruit is bought to be eaten 

on site which means that the visitors probably don’t buy more than they want to eat.  The share of each 

fruit sold is only an approximation and would have to be analysed further to make sure that it is 

absolutely correct. The share was made to make sure that the higher phosphorus content in Durian 

compared to the other fruits wouldn’t make the end result wrong. Another source of errors is that we 

have had to assume that the phosphorus in the fruits and coconuts are equally distributed throughout 

the whole fruit and coconut, which means that no consideration is taken whether it is fruit meat, shells 

or cores that is left as waste. We also can’t guarantee that the same numbers apply to specifically these 

fruits and coconuts. 

 

We have found one similar report from Lindström (2007) where a study has been done on Chumbe 

Island, Tanzania where the author tries to quantify nutrients from coconuts. The number we used for 

phosphorus content in coconuts is 113 mg phosphorous /100 g coconut while the number used in 

Lindströms report is 104.3 mg P/100g coconut. This indicates that the number we are using could be a 

bit high but still a very reliable number. Lindströms report does not however show the calculations done 

to estimate the phosphorous flows from coconuts and we have therefore no way of comparing our 

number to theirs because we present the results differently. 

 

The problem with our model of the littering is that we have only been able to look at the amount sold 

fruit plates and coconuts during ten minutes each hour. The selling probably follows the same pattern 

but in reality we can never be sure about how many fruit plates and coconuts that are actually sold 

during the rest of the 50 minutes during those hours. Our numbers will hopefully give a rough estimation 

about the total number of fruit plates and coconuts sold during a day. Another problem with only 

measuring ten minutes each hour, especially when there are only a few units sold during an hour, is that 

the numbers of sold fruits and coconuts could be much higher or much lower than the real average 

during that hour. During the hours with lower sale figures we might catch a period when five people 

comes in a group to buy coconuts while during the rest of the hour there are no sales. This is also a 

reason for that we haven’t studied the fruit plates and coconuts sold after 12:45. The shop owners 

basically leaves the stands, which makes us believe that the number of sold units are so low that they are 

close to zero after this period.  

 

As the litter is burned we can’t be absolutely sure that the phosphorus ends up in the water. In fact, it 

only will when it rains, which also means that our daily emissions won’t reach the water until it is raining. 

This however means that when the phosphorus eventually reaches the water it will do so in much larger 

concentrations which could have a bad impact on the coral reef. 
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4.4.5 RESTAURANT WASTE 

Since the restaurant waste was not such a large part of the total emissions they are not so important in 

the long run but they might still have an impact on the corals since if it is poured directly into the water it 

will be quite concentrated. A source of errors about the noodle dishes is that we can’t know for sure that 

the noodle dishes we have looked at contains the same amount of nutrients as the ones sold on the 

island does. The reason that we looked at three dishes was to lower the uncertainty in these numbers. 

This also goes for the portion size. The amount of portions sold and eaten can be considered as very 

reliable since we had a good spot to look at the amount of dishes bought.  

 

We had to make the assumption that all the nutrients in the noodles was concentrated in the water, this 

way we made sure that the nutrient emissions would not be larger because of this factor. This means 

that also any uneaten noodles will be considered. Combined with the assumption we had to make that 

all of the liquid restaurant waste goes into the water in the bay area insures that the liquid restaurant 

waste emissions could not be higher than what we have calculated.  

 

4.5.1 RELIABILITY OF TOTAL EMISSIONS 

To compare the emissions between the two islands we divided the total emissions with number of 

visitors. Chumbe had 43.7 kg phosphorous emissions per year, 2770 overnight guests and 636 daily 

guest. This results in 12.83 g phosphorous/person (total phosphorous emissions divided with total 

amount of visitors). On Ko Sak the same numbers are 0.2018 g/person on average. We have then 

converted these numbers into a comparable form being emission/person/hour. Complete calculations 

can be found in appendix F.  

 

Chumbe: 0.589 g P/person/h 

Ko Sak: 0.135 g P/Person/h 

 

Despite the number from Ko Sak being lower then the one found on Chumbe we feel that our number is 

a very solid one because Ko Sak is an island less affected by human exploitation. Ko Sak does not have 

electricity or running water and does not provide the opportunity to stay the night which should reduce 

its anthropogenic nutrient emissions significantly. 

 

 

4.5 COMPARISON TO OTHER STUDIES 

4.5.2 COMPARISON WITH ATMOSPHERIC DEPOSITION 

The ocean is not only affected by the direct anthropogenic emissions but is also exposed to pollution 

through atmospheric deposition of airborne nutrients. To understand the size and importance of our 

direct anthropogenic nutrient emissions we will compare them to the atmospheric deposition.  

 

Tamatamah, Hecky & Duthie (2005) calculated the atmospheric deposition of total phosphorus in the 

Lake Victoria to 2.7 kg/ha/year. Okin et al. (2011) shows that the atmospheric deposition of nitrogen is 
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10 kg/ha/year which seems reliable when compared with data from NAPD (2013) that shows that the 

nitrogen deposition in the USA ranges between 0-20 kg/ha/year. The area of the water in the bay area at 

Ko Sak is 6 ha (Google my maps, 2016) which means that the atmospheric deposition is 2700 g 

P/ha/year*6 ha / 365days/year = 44.38 g P /day and 10 000 g N/ha/year*6ha/365days/year=164.38 g N 

per day. 

 

This means that our daily phosphorus emissions of 514.14 g and 437.82 g is about ten to twelve times 

larger than the atmospheric deposition of phosphorus. The daily nitrogen emissions on Ko Sak were 

1750.41 g and 1990.07 g. The atmospheric deposition is 164.38 g N/day, which means that our direct 

nitrogen emissions also are about ten to twelve times higher than the atmospheric deposition.  

 

 

4.5.3 NUTRIENTS ALREADY IN THE BAY AREA 

Our samples show that the concentration of phosphate in the water in the bay area is 0.74 mg/l in 

average and the concentration of nitrate is 4.56 mg/l (see appendix B). We have not found any depth 

data on the water in the bay area and have not had the chance to measure it either. We will therefore 

assume that the depth of the water at the point farthest out from the beach is 5 m. This would mean 

that the average depth would be about 2 m since the water is very shallow a long way before it starts to 

get deeper. As said before the area of the water is about 6 ha which is equal to 60 000 m2. This would 

mean that the volume of the water in the bay area is 2m*60 000 m2 = 120 000 m3 = 120*106 l.  

 

To make any kind of comparison of our approximated emissions to the concentration of phosphorus and 

nitrogen currently in the bay area we will have to make the assumption that there is no exchange of 

water. The average daily phosphorus emission is 475.98 g/day and the average nitrogen emission is 

1870.24 g/day. Assuming these emissions were completely spread in the water that would mean that a 

concentration of 475.98*103 mg/day / (120*106 l) = 0.003967 mg/l/day phosphorus would be released 

into the water each day. Doing the same calculation for nitrogen results in 1870.24*103 mg/day / 

(120*106 l) = 0.015585 mg/l/day. This means that it would take approximately 189 days for the 

phosphorus emissions to reach the same concentration as the phosphate in the water. The time for 

nitrogen emissions to reach the same concentration as the nitrate in the water would be about 290 days. 

Whether this is a high emission or not is arguable but it’s a high possibility that the anthropogenic 

emissions will affect the nutrient concentrations and organisms in the water especially because the 

emissions won’t be completely spread. 
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5 CONCLUSIONS 

All of the four studied areas were identified as having nutrient emissions to the bay area. However, 

nitrogen from littering was not studied since the conclusion was that all of the nitrogen goes into the air 

as gas during combustion. Another area, nutrients from boat engine combustion, was brought up but 

was considered irrelevant for this study because of too low or non-existent nutrient emissions. This said, 

we believe we have identified the largest nutrient emitting sources on the island but we might not have 

included every nutrient emitting activity on the island, which might be a subject for further studies.  

 

All of the relevant nutrient emissions could be quantified. The sources of the largest phosphorus 

emissions were littering and toilet waste, while the phosphorus from boat sewage accounted for 3.73 % 

and 10.72 % each day and finally the liquid restaurant waste was close to negligible in comparison to the 

other factors. The largest source of nitrogen emissions was toilet waste which accounted for about 80 % 

- 90 % of the total nitrogen emissions. The second largest was boat sewage which accounted for 8.64 % 

and 18.59 % during the both days, rendering the liquid restaurant waste with its ≤1% close to negligible. 

The total phosphorus emissions were 514 g on April 13 and 438 g on May 8. The total nitrogen emissions 

were 1750 g on April 13 and 1990 on May 8. Our conclusion from this is that these emissions are big 

enough to have an impact on the corals and the organisms living in the bay. The main reason for this is 

that the emissions will be reaching the water in very concentrated forms. The tourism activities are 

focused to small time periods and there is a high risk that the emissions from them will be concentrated 

to a small time period and therefore the water will have little time to spread the nutrients. We can also 

see that the anthropogenic emissions are much higher than the atmospheric deposition which is an 

indication on its size. 

 

The sources that are most important to lower the nutrient emissions from are the ones with the largest 

emissions; toilet waste, littering and boat sewage emissions. The toilet waste emissions are quite easily 

fixed but might also be expensive for the island owners. The solution to this problem is basically to 

improve the facilities on the island. We have two suggestions on how to lower the littering emissions. 

The first one is to stop selling coconuts completely as they account for almost the whole littering 

emissions by themselves. This would result in a loss of income but could easily be replaced with 

increasing the sales of something else. The other suggestion is to make a partial compost which could 

handle some of the nutrients and could also be beneficial as fertilizers. This would however require some 

effort. This could also be combined with shipping the waste back to the mainland to recycle as biofuel. 

The easiest way to lower the emissions from boat sewage would be to forbid the boats to come there in 

the first place since the island owners and workers does not seem to benefit from them being there. 
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APPENDIX A – CALCULATIONS OF EQUATIONS 

PHOSPHORUS AND NITROGEN IN TOILET WASTE 

EQUATION 1 

𝑃𝑡𝑜𝑖𝑙𝑒𝑡𝑠 = ∑ 𝑛𝑖,𝑝𝑒𝑜𝑝𝑙𝑒 ∗ 𝑃𝑓𝑎𝑐𝑡𝑜𝑟,𝑇
24
𝑖=1           (1) 

 

Pfactor,T = 0.056 g/h and the emissions were assumed to be zero at i=1:8 and i=17:24 on both April 13 and 

May 8. 

 

 

Table A1. Phosphorus in toilet waste on April 13 

i Ni,people  Ptoilets,i 

9 347  19.43 

10 804  45.02 

11 819  45.86 

12 479  26.82 

13 127  7.11 

14 125  7.00 

15 154  8.62 

16 10  0.56 

   160.44 

 

This makes Ptoilets = 160.44 g in total on April 13.  
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Table A2. Phosphorus in toilet waste on May 8 

i Ni,people  Ptoilets,i 

9 717  40.15 

10 884  49.50 

11 713  39.93 

12 378  21.17 

13 99  5.54 

14 88  4.93 

15 23  1.29 

16 9  0.50 

   163.02 

 

This makes Ptoilets = 163.02 g on May 8. 

 

 

EQUATION 2 

 

𝑁𝑡𝑜𝑖𝑙𝑒𝑡𝑠 = ∑ 𝑛𝑖,𝑝𝑒𝑜𝑝𝑙𝑒 ∗ 𝑁𝑓𝑎𝑐𝑡𝑜𝑟,𝑇
24
𝑖=1            (2) 

 

Nfactor,T = 0.552 g/h and the emissions were assumed to be zero at i=1:8 and i=17:24 on both April 13 and 

May 8. 
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Table A3. Nitrogen in toilet waste on April 13 

i Ni,people  Ntoilets,i 

9 347  191.54 

10 804  443.81 

11 819  452.09 

12 479  264.41 

13 127  70.10 

14 125  69.00 

15 154  85.01 

16 10  5.52 

   1581.48 

 

This means that Ntoilets = 1581.48 g on April 13. 

 

Table A4. Nitrogen in toilet waste on May 8 

i Ni,people  Ntoilets,i 

9 717  395.78 

10 884  487.97 

11 713  393.58 

12 378  208.66 

13 99  54.65 

14 88  48.58 

15 23  12.70 

16 9  4.97 

   1606.87 

 

This makes Ntoilets = 1606.87 g on May 8. 
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PHOSPHORUS AND NITROGEN IN SEWAGE 

EQUATION 3 

𝑃𝑠𝑒𝑤𝑎𝑔𝑒 =  ∑ 𝑛𝑝𝑒𝑜𝑝𝑙𝑒,𝑏𝑜𝑎𝑡 ∗ 𝑡 ∗ 𝑃𝑓𝑎𝑐𝑡𝑜𝑟,𝑆        (3) 

 

Table A5. Phosphorus in sewage on April 13 

Boat npeople,boat t Pfactor,S Psewage   

Orange boat 1 2 7.25 0.0625 0.91   

White boat 23 6.48 0.0625 9.32   

Orange boat 2 13 7.57 0.0625 6.15   

Blue boat 6 2.47 0.0625 0.93   

Yellow roof 15 1.85 0.0625 1.73   

Light + dark blue slide 2 1.22 0.0625 0.15   

    19.19   

 

This makes Psewage = 19.19 g on April 13. 

 

Table A6. Phosphorus in sewage on May 8 

Boat npeople,boat t Pfactor,S Psewage   

Yellow roof 20 6,00 0.0625 7.50   

White boat 1 20 8,67 0.0625 10.84   

White boat 2 20 8,67 0.0625 10.84   

White boat 3 18 1,00 0.0625 1.13   

Green+blue water slide 39 1,42 0.0625 3.46   

Pink + green water slide 30 1,24 0.0625 2.33   

Orange roof 20 0,83 0.0625 1.04   

Green+blue water slide 39 2,27 0.0625 5.53   

Pink + green water slide 30 2,27 0.0625 4.26   

    46.91   
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This makes Psewage = 46.91 g on May 8. 

EQUATION 4 

𝑁𝑠𝑒𝑤𝑎𝑔𝑒 =  ∑ 𝑛𝑝𝑒𝑜𝑝𝑙𝑒,𝑏𝑜𝑎𝑡 ∗ 𝑡 ∗ 𝑁𝑓𝑎𝑐𝑡𝑜𝑟,𝑆         (4) 

 

 

Table A7. Nitrogen in sewage on April 13 

Boat npeople,boat t Nfactor,S Nsewage   

Orange boat 1 2 7.25 0.4929 7.15   

White boat 23 6.48 0.4929 73.50   

Orange boat 2 13 7.57 0.4929 48.48   

Blue boat 6 2.47 0.4929 7.29   

Yellow roof 15 1.85 0.4929 13.68   

Light + dark blue slide 2 1.22 0.4929 1.20   

    151.30   

 

This makes Nsewage = 151.30 g on April 13. 

 

Table A8. Nitrogen in sewage on May 8 

Boat npeople,boat t Nfactor,S Nsewage   

Yellow roof 20 6,00 0.4929 59.15   

White boat 1 20 8,67 0.4929 85.47   

White boat 2 20 8,67 0.4929 85.47   

White boat 3 18 1,00 0.4929 8.87   

Green+blue water slide 39 1,42 0.4929 27.30   

Pink + green water slide 30 1,24 0.4929 18.34   

Orange roof 20 0,83 0.4929 8.18   

Green+blue water slide 39 2,27 0.4929 43.64   

Pink + green water slide 30 2,27 0.4929 33.57   

    369.98   
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This makes Nsewage = 369.98 g on May 8. 

 

 

PHOSPHORUS AND NITROGEN IN LITTERING 

EQUATION 6 

𝑃𝑐𝑜𝑐𝑜𝑛𝑢𝑡𝑠 = ∑ 𝑃𝑓𝑎𝑐𝑡𝑜𝑟,𝐶 ∗ 𝑚𝑐𝑜𝑐𝑜𝑛𝑢𝑡 ∗ 𝑛𝑖,𝑐𝑜𝑐𝑜𝑛𝑢𝑡𝑠 ∗ 624
𝑖=1        (6) 

 

The phosphorus emissions from coconuts are assumed to be 0 between i=1-9 and i=13-24 on April 13. 

 

Table A10. Phosphorus emissions from coconuts on April 13 

i Pfactor,C (g/g) mcoconut (g) ni,coconuts Factor Pcoconuts   

10 0.00113 1300 27 6 237.98   

11 0.00113 1300 9 6 79.33   

12 0.00113 1300 1 6 8.81   

     326.12   

 

This makes Pcoconuts = 326.12 g on April 13. 

 

 

The phosphorus emissions are assumed to be 0 between i=1-8 and i=13-24 on May 8. 

 

Table A11. Phosphorus emissions from coconuts on May 8 

i Pfactor,C (g/g) mcoconut (g) ni,coconuts Factor Pcoconuts   

9 0.00113 1300 8 6 70.51   

10 0.00113 1300 12 6 105.77   

11 0.00113 1300 1 6 8.81   

12 0.00113 1300 4 6 35.26   

     220.35   

 

This makes Pcoconuts = 220.35 g on May 8. 
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EQUATION 7 

To be able to calculate equation 5 we need to calculate equation 7 first. 

 

𝑃𝑓𝑎𝑐𝑡𝑜𝑟,𝐹 =  ∑ 𝑝𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒𝑓𝑟𝑢𝑖𝑡𝑝𝑙𝑎𝑡𝑒𝑠 ∗ 𝑚𝑓𝑟𝑢𝑖𝑡,𝑖 ∗ 𝑃𝑓𝑟𝑢𝑖𝑡,𝑖 ∗ 𝑛𝑓𝑟𝑢𝑖𝑡𝑠𝑜𝑛𝑝𝑙𝑎𝑡𝑒    (7) 

 

 

Where m (g) of the different fruits is the average weight of a whole fruit and P is the P content per gram 

fruit. The ratios 0.4, 0.4, 0.1 and 0.1 comes from the previously identified percentages sold fruit with the 

assumption that equal amounts of mangos and pineapples are sold. The mangos are multiplied by 3 

because an average fruit plate with mango on consists of 3 mangos and the durian is divided by 3 

because there is approximately a third of a whole durian on the durian fruit plates. 

 

Table A12. Phosphorus content in fruit 

Fruit,i Percentagefruitplates mfruit,I (g) nfruitsonplate Pfruit,i Pfactor,F 

Mango 0.4 336 3 0.00011  

Pineapple 0.4 905 1 0.00007  

Orange 0.1 159 1 0.00011  

Durian 0.1 602 1/3 0.00039  

     0.07927 

 

 

EQUATION 5 

𝑃𝑓𝑟𝑢𝑖𝑡𝑠 = ∑ 0.3 ∗ 𝑃𝑓𝑎𝑐𝑡𝑜𝑟,𝐹 ∗ 𝑛𝑖,𝑓𝑟𝑢𝑖𝑡𝑠 ∗ 624
𝑖=1         (5) 

 

The phosphorus emissions from fruit are assumed to be 0 between i=1-9 and i=13-24 on April 13. 

 

Table A13. Phosphorus emissions from fruit on April 13 

i Factor Pfactor,F (g/g) ni,fruits Factor Pfruits 

10 0.3 0.07927 29 6 4.14 

11 0.3 0.07927 9 6 1.28 

12 0.3 0.07927 5 6 0.71 

     6.14 

 

This means that Pfruits = 6.14 g on April 13. 
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Table A14. Phosphorus emissions from fruit on May 8 

i Factor Pfactor,F (g/g) ni,fruits Factor Pfruits 

9 0.3 0.07927 26 6 3.71 

10 0.3 0.07927 14 6 2.00 

11 0.3 0.07927 1 6 0.14 

12 0.3 0.07927 0 6 0.00 

     5.85 

 

This makes Pfruits = 5.85 g on May 8. 

 

 

PHOSPHORUS AND NITROGEN FROM LIQUID RESTAURANT WASTE 

EQUATION 8-10 

𝑃𝑙𝑖𝑞𝑢𝑖𝑑 = 𝑛𝑝𝑜𝑟𝑡𝑖𝑜𝑛𝑠 ∗ 𝑃𝑓𝑎𝑐𝑡𝑜𝑟,𝐿         (8) 

 

Pliquid = 32 * 0.07055 = 2,26 g on April 13. 

 

Pliquid = 24 * 0.07055 = 1,69 g on May 8. 

  

 

 

𝑁𝑓𝑎𝑐𝑡𝑜𝑟,𝐿 = 𝑚𝑝𝑜𝑟𝑡𝑖𝑜𝑛 ∗
𝑚𝑝𝑟𝑜𝑡𝑒𝑖𝑛

6.25
         (10) 

 

mprotein is divided by 100 to get the right unit. 

nfactor,L=212.5*1.62/(100*5.25)=0.5508 g N/portion 

 

 

 

𝑁𝑙𝑖𝑞𝑢𝑖𝑑 = 𝑛𝑝𝑜𝑟𝑡𝑖𝑜𝑛𝑠 ∗ 𝑁𝑓𝑎𝑐𝑡𝑜𝑟,𝐿         (9) 

 

Nliquid = 32 * 0.5508 = 17.63 g on April 13. 

 

Nliquid = 24 * 0.5508 = 13.22 g on May 8. 
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APPENDIX B – PHOSPHATE AND NITRATE SAMPLES 

SAMPLE METHOD 

To get a rough estimation of the current phosphate and nitrate levels in the water we gathered samples 

and analysed them. The samples were taken at four different sites, in the left (N 12°56’40.36’’, E 

100°47’28.00’’), middle (N 12°56’40.02’’, E 100°47’31.37’’) and right (N 12°56’39.72’’, E 100°47’34.61’’) 

at the bay and one sample on the west side of the island (N 12°56’31.66’’, E 100°47’25.12’’) as our 

control sample. At each site we gathered three different samples at two different times in the day, one 

during high tide and one during low tide which means that the sample sites may vary slightly because of 

the tide. This was done on two different days although the phosphate was only analysed the first day. On 

April 12 the samples were gathered at 10:00-10:50 and 14:30-15:15. On April 13 the samples were 

gathered at 8:40-8:55 and 14:00-14:30. 

 

 
Figure B1. Map of sample sites at Ko Sak.  

 

The samples were gathered in 100 ml polyethylene bottles, 24 in total each day. The samples were 

analysed with a HAC-kit, through the ascorbic acid method and cadmium reduction method.  
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PHOSPHATE ANALYSIS 

1. Six sample cells were filled with 10 ml of sample each. The six samples were all the sample from 
one of the sites from one of the days. Another cell was filled with sample water from the high 
tide. This was the blank which was not a part of step 2-4. 

2. One PhosVer 3 Phosphate Powder Pillow was added to each of the sample cells. 
3. The samples were shaken during 15 seconds.  
4. The samples were then set to react during a two minute period.  
5. The blank was set to the cell holder and analysed.  
6. The three samples from high tide were analysed. 
7. The blank was changed and rinsed with new sample water from the low tide. It was filled with 10 

ml of sample water from low tide.  
8. The blank was set to the cell holder and analysed. 
9. The three low tide samples were analysed. 
10. All the sample water was disposed of and the sample cells were rinsed with sample water from 

the next site. 
11. Step 1-10 was repeated for each site: left, middle, right and control. 

 

 

NITRATE ANALYSIS 

1. Six sample cells were filled with 10 ml of sample each. The six samples were all the sample from 
one of the sites from one of the days. Another cell was filled with sample water from the high 
tide. This was the blank which was not a part of step 2-4. 

2. One NitraVer 5 Nitrate Reagent Powder Pillow was added to each of the sample cells. 
3. The samples were shaken during a one minute period.  
4. The samples were then set to react during a five minute period.  
5. The blank was set to the cell holder and analysed.  
6. The three samples from high tide was analysed. 
7. The blank was changed and rinsed with new sample water from the low tide. It was filled with 10 

ml of sample water from low tide.  
8. The blank was set to the cell holder and analysed. 
9. The three low tide samples were analysed. 
10. All the sample water was disposed of and the sample cells were rinsed with sample water from 

the next site. 
11. Step 1-10 was repeated for each site: left, middle, right and control. 
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SAMPLE RESULT 

Table B1. Phosphate concentration in water in the bay area on April 12 (mg/l) 

     Left Middle Right Control 

   Sample 1 0,31 0,51 0,31 0,55 

High tide  Sample 2 0,46 0,54 1,05 0,44 

   Sample 3 0,38 0,5 2,75 0,41 

 Average   0,38 0,52 1,37 0,47 

   Sample 1 0,54 0,36 1,14 0,3 

Low tide  Sample 2 0,27 0,47 2,52 0,56 

   Sample 3 0,5 0,32 0,42 0,2 

 Average   0,44 0,38 1,36 0,35 

 

 

 

Table B2. Nitrate concentration in water in the bay area on April 12 (mg/l) 

     Left Middle Right Control 

   Sample 1 7,1 5,1 2,3 5,2 

High tide  Sample 2 4,6 4,7 1,9 5,2 

   Sample 3 4,2 5,2 5 5,3 

 Average   5,30 5,00 3,07 5,23 

   Sample 1 4,6 4,4 3,3 5,1 

Low tide  Sample 2 4,3 5,8 3,4 4,9 

   Sample 3 4,2 6,5 3,3 4,9 

 Average   4,37 5,57 3,33 4,97 

 

 

 

Table B3. Nitrate concentration in water in the bay area on April 13 (mg/l) 

     Left Middle Right Control 

   Sample 1 4,4 5,6 4,5 4,5 

High tide  Sample 2 3,7 5,4 4 4 

   Sample 3 4,3 4,2 5,1 3,6 

 Average   4,13 5,07 4,53 4,03 

   Sample 1 5,3 2,9 5 6,4 

Low tide  Sample 2 5,3 4,5 5,9 5,4 

   Sample 3 4,1 4,9 5 4,3 

 Average   4,90 4,10 5,30 5,37 

 

 

The average concentration in the bay area (excluding the control sample) was 0.74 mg/l phosphate and 

4.56 mg/l nitrate with the average on the nitrate calculated on both days together. 
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Figure B1. Sampling equipment 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
48 

 

APPENDIX C – DATA ON AMOUNT OF VISITORS 

The data on number of people on each arriving speedboat and the arrival time of the speedboats is 

presented in this appendix. The number of people present on the island each hour is also shown here. 

 

ARRIVING VISITORS APRIL 13 

Countings were performed between 09:07-10:00 and 10:50-11:45. 

 

Table C1. Arrival time and people on arriving speedboats on April 13 

Time People on boat 

09:07 13 

 15 

 15 

09:10 14 

 15 

 20 

 20 

 10 

 15 

 10 

 15 

 25 

09:17 47 

 45 

 25 

 15 

 15 

 15 

 15 
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 15 

09:21 16 

 15 

 15 

 15 

 20 

 15 

 20 

 15 

 20 

 20 

 20 

 20 

 20 

 23 

 15 

 20 

 20 

 20 

09:44 10 

09:46 25 

 20 

 13 

09:47 18 

 20 

 30 
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 10 

 20 

09:50 15 

10:00 30 

XXXXX XXXXX 

10:50 20 

 36 

11:00 35 

11:05 15 

 25 

 20 

 14 

 10 

11:14 15 

 12 

11:22 20 

 15 

11:30 5 

 18 

 6 

11:40 20 

11:42 20 

 6 

11:45 13 

 1244 
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The visitors present on the island at 8:45 were 347. To get the number of arriving visitors between 8:45 

and 09:07 when the counting started we assumed that the amount of arriving visitors would be the same 

as in the following 22 minutes (between 09:07-09:29) which was 550 arriving visitors.  

 

The people arriving between 10:00 and 10:50 were approximated by taking the number of arriving 

visitors 50 minutes before and 50 minutes after the break and counting the average. 

 

There were 876 arriving visitors between 09:10-10:00. There were 286 arriving visitors between 10:50-

11:40. (876+286)=581 arriving visitors between 10:00 and 10:50.  

 

This makes the total amount of visitors 347+550+1244+581=2722 on April 13. 

 

 

ARRIVING VISITORS MAY 8 

Countings were performed between 08:05-11:45. 

 

Table C2. Arrival time and people on arriving speedboats on May 8 

Time People on boat 

08:07 25 

08:07 28 

08:09 10 

08:10 30 

08:10 15 

08:12 25 

08:13 10 

08:16 35 

08:16 20 

08:17 18 

08:18 24 

08:19 34 

08:20 15 

08:20 20 
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08:21 15 

08:21 20 

08:22 25 

08:22 20 

08:24 15 

08:24 15 

08:25 25 

08:25 22 

08:27 20 

08:27 22 

08:27 20 

08:28 10 

08:33 25 

08:33 23 

08:36 36 

08:37 23 

08:38 11 

08:38 10 

08:38 20 

08:39 24 

08:41 30 

08:41 10 

08:41 20 

08:44 10 

08:44 15 

08:44 20 
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08:44 33 

08:45 20 

08:48 15 

08:48 15 

08:48 20 

08:54 20 

08:54 20 

08:54 20 

08:54 15 

08:55 20 

08:56 15 

08:56 25 

08:59 10 

09:57 10 

09:00 15 

09:00 22 

09:00 15 

09:03 25 

09:03 15 

09:04 20 

09:04 25 

09:08 20 

09:08 25 

09:08 25 

09:11 15 

09:12 20 
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09:13 15 

09:17 10 

09:18 23 

09:20 20 

09:25 20 

09:25 25 

09:28 10 

09:30 10 

09:30 10 

09:32 10 

09:34 10 

09:35 10 

09:40 20 

09:42 12 

09:42 20 

09:46 25 

09:47 35 

09:50 15 

09:54 10 

09:54 18 

09:57 19 

10:06 10 

10:09 11 

10:11 15 

10:14 10 

10:17 20 
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10:24 10 

10:25 6 

10:31 20 

10:35 20 

10:53 10 

10:59 11 

11:00 7 

11:10 2 

11:37 15 

 1829 

 

The number of people present on the island at the start time of the counting were 210. 

 

The total amount of arriving people on May 8 was 1829+210=2039. 

 

AMOUNT OF PEOPLE PRESENT ON THE ISLAND 

Table C3. People present on the island 

Time Number of 

people April 12 

Number of 

people April 13 

Number of 

people May 8 

08:45 - 347 717 

09:45 465 804 884 

10:45 451 819 713 

11:45 312 479 378 

12:45 120 127 99 

13:45 - 125 88 

14:45 - 154 23 

15:45 - 10 9 
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APPENDIX D – DATA ON DIVING BOATS 

This appendix shows all raw data about the diving boats: their arrival time, departure time, number of 

people etc. 

 

 

Table D1. Information on diving boats April 13 

 

Boat Arrival 

time 

Departure time Time spent in the 

bay 

Time spent in the 

bay (hours) 

Number of 

people 

Orange boat 1 08:45 16:00 7 h 15 min 7.25 2 

White boat 09:24 15:53 6 h 29 min 6.48 23 

Orange boat 2 09:26 Still there 16:30, assumed 

departure time: 17:00 

7 h 34 min 7.57 13 

Blue boat 10:02 12:30 2 h 28 min 2.47 6 

Yellow roof 12:57 14:48 1 h 51 min 1.85 15 

Light + dark blue 

slide 

15:47 Still there 16:30, assumed 

departure time: 17:00 

1 h 13 min 1.22 2 
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Table D2. Information on diving boats May 8 

Boat Arrival 

time 

Departure time Time spent in the 

bay 

Time spent in the 

bay (hours) 

Number of 

people 

Yellow roof 08:00 14:00 6 h 6,00 20 

White boat 1 08:20 Still there 15:30, assumed 

departure time: 16:00 

8 h 40 min 8,67 20 

White boat 2 08:20 Still there 15:30, assumed 

departure time: 16:00 

8 h 40 min 8,67 20 

White boat 3 08:30 09:30 1 h 1,00 18 

Green+blue 

water slide 

09:15 10:40 1 h 25 min 1,42 39 

Pink + green 

water slide 

09:25 10:40 1 h 15 min 1,24 30 

Orange roof 10:40 11:30 50 min 0,83 20 

Green+blue 

water slide 

14:20 15:36 2 h 16 min 2,27 39 

Pink + green 

water slide 

14:20 15:36 2 h 16 min 2,27 30 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
58 

 

APPENDIX E – EXISTING DATA ON VISITORS ON THE ISLAND 

Number on visitors on the island from Wayne Phillips. The counting was made by him and his students in 

May 2015.  

 

 

 
Figure E1. Data on arriving boats on the right side of the bay in May 2015. (Phillips, 2015) 

 

Right = 523 visitors in total.  
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Figure E2. Data on arriving boats in the middle of the north bay in May 2015. (Phillips, 2015) 

 

Center = 1342 visitors. 
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Figure E3. Data on arriving boats on the right side of the bay in May 2015. (Phillips, 2015) 

Right = 1169 visitors. 

3034 visitors in total.  



 
61 

 

APPENDIX F – COMPARISON TO CHUMBE 

Chumbe 

Average time on the island: (2770people*24h+636people*12h)/(2770people+636people) = 21,75 h 

12.83 g P/person/21.75 h = 0.589 g 

 

Ko sak 

Average time on the island: 1.5 h and this number comes from data on amount of people arriving 

compared to amount of people observed on the island each hour. 

 

 

514.14/2722 = 0.1889 g P/person at April 13 

537.82/2039 = 0.2147 g P/person at May 8 

Average: (0.1889+0.2147)/2 = 0.2018 g P/person 

 

0.2018g P/person /1.5 h = 0.1345 g 


