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E-waste is defined as electrical products coming to the end of their ‘life-span’ (Calrecycle, 2016), however, there are many different definitions based on where you look. The definition that I will be using is “any discarded electronic or electrical devices or their parts; also called electronic waste” (dictionary.com, 2014). 
E-waste is a growing issue with increasing amounts of it generated each year. However, the amount of e-waste being recycled is very low. This is a problem as e-waste contains lots of precious metals and toxic substances, this makes it both a waste and a danger. For my research proposal, I will be looking at why so little e-waste is being recycled and possible ways to increase the amount of e-waste recycled. 
A study of possible methods to increase e-waste recycling and to ascertain why they are so low in the first place has not been carried out in Swansea before. I think the study will be beneficial because it will allow an assessment of how well the WEEE Directive is being carried out in the UK and will look at possible ways to increase its efficiency.
The issues addressed in my study will be the amount of e-waste being recycled in Swansea and possible ways to increase this. This is important as the amount of e-waste being recycled worldwide is very low and it needs to be increased as the amount of e-waste is growing, so if the study can find possible ways to increase the amount of recycling it would be beneficial.
[bookmark: _Toc502845464]Literature review
As the number of electrical products increases so does the amount of waste created from them; 40 million tonnes is generated every year and out of this only 12.5% is recycled, the rest of it is sent to landfill or incinerators (TheWorldCounts, 2014).  According to some studies the amount of e-waste being generated in the US alone is 5x106t annually and in the EU, it is 7x106t (Tanskanen, 2013), this is a huge amount of e-waste being generated per year. It is therefore not surprising that e-waste is one of the fastest growing waste streams in the world (Shegerian, 2015).
This is a shocking amount since lots of e-waste is made up of precious or toxic materials. By putting these in landfill not only are we wasting a valuable resource, but we are polluting the world with toxic pollutants such as lead, cadmium, and chromium (World Health Organisation, 2017). These all have a negative effect on human health affecting many different areas including the lungs and even the mental development of children in severely affected areas (Xia Huo, 2007).
The amount of e-waste that is generated and recycled in the UK varies depending on the size of the e-waste product. The larger the product the more likely it is to be recycled meaning that it is normally the small items like phones that are not recycled as much. This is shown in table 1, the data for which was collected in 2000 and added to Tanskanen, 2013. A possible reason for this is that the larger products are harder to dispose of easily and need to be taken to the dump where they can be sorted and recycled.
[bookmark: _Toc501456795]Table 1: tonnage of WEEE collected and recycled in the UK (Tanskanen, 2013)
	Type of e-waste
	Arising 
	collected
	% recycled

	Television sets
	8000
	4000
	50

	Video/sound
	72000
	3200
	4

	IT/computers
	357000
	94600
	26

	Large household appliances 
	392000
	345,300
	88
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There have been lots of studies done on the impact of e-waste on the environment and human health that show the negative impact of e-waste is staggering. The amount of precious metals in e-waste compromises about 60%, this includes gold, copper, aluminum, and other metals and the number of pollutants in e-waste is 2.7% (Rolf Widmer, 2005). While this might not seem like much pollution, with the sheer amount of e-waste been thrown away, it all adds up.
E-waste has several other negative effects on human health. It has a significant effect on the number of birth defects and miscarriages in women exposed to the pollution from e-waste. A report carried out in 2013 showed that in a town exposed to e-waste pollution, the number of stillbirths, spontaneous abortions and premature births was higher than that of a control town (Kristen Grant MIPH, 2013). This shows that e-waste pollution can have long-term effects on the human health even affecting babies and pregnant women.
[bookmark: _Toc502845466]E-waste’s effect on the environment
[image: ]E-waste is made up of lots of different components. The main component in e-waste are metals which make up about 60%; this is followed by plastics at about 15% (F.O. Ongondo, 2011). This shows that there are large quantities of materials in e-waste that do not easily decompose and that are able to be recycled. By looking at the composition of e-waste it is hard to see why there is not more e-waste recycling as it can be a source of many materials that are useful in today’s society.
[bookmark: _Toc501456790]Figure 2: Material fractions in e-waste (Empa, 2004)

There are lots of different materials used in electronic products. A general trend is that the larger the product the less different materials it has in it. Smaller electrical products have more materials in them such as flame retardants and heavy metals (Robinson, 2009). The materials used in smaller products tend to be more harmful to the environment as well. This shows that in general smaller e-waste has a greater negative impact on the environment than larger waste.
A good example of this is polybrominated diphenyl ethers (PBDEs), these are flame retardants used in e-waste. PBDEs have no chemical bonds with other materials used in e-waste meaning that they are leached off quite easily allowing them to get into the environment. After getting into the environment they have been known to bioaccumulate in animals which affects their health negatively and possibly enter the human food chain. PBDEs have been found in the air, ground, and water, this shows that it can travel easily and have an effect on the environment (Environmental Protection Agency, 2014). This is just one chemical in e-waste, there are many others that have an impact on the environment.
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There are many different strategies in place to try to limit the effects of e-waste. The most notable of these would be the Restriction of Hazardous Substances Directive (RoHS Directive) and the Waste Electrical and Electronic Equipment Directive (WEEE Directive).
The RoHS Directive was made by the European Commission and came into force in February 2003. The directive’s aim was to reduce the amount of hazardous material in electrical and electronic equipment (EEE). It also focuses on substituting hazardous materials with safer ones when possible in the production of EEE. The directive was recast in 2011 to focus on the tackling the growth of e-waste generation. In January 2017 the RoHS Directive was amended to adjust the scope of the directive, this amendment came into force in November 2017 (European Commission, 2017).
The WEEE Directive was also made by the European Commission and came into force in February 2003. The directive put in place schemes for the collection of e-waste, free of charge for consumers, aiming to increase the amount of e-waste being recycled. In 2008 the directive was amended to include tackling the growth of e-waste, this amendment was put in place in August 2012. The latest change to the WEEE Directive was in April 2017 when they standardised the method for finding out the weight of EEE coming onto the market and the amount of waste of electrical and electronic equipment generated (European Commission, 2017). This shows that there is e-waste is still a current issue that needs to be dealt with.
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Over the years e-waste has been studied in many different countries and has many different categorisations, the most widely accepted one was made by the Swiss, Ordinance on the Return, the Taking Back and the Disposal of Electrical and Electronic Equipment (ORDEE). This splits e-waste into 7 categories:
1. Electronic entertainment equipment
2. Office, information, communications technology equipment
3. Refrigeration equipment
4. Household equipment
5. Tools (excluding large-scale, stationary industrial tools)
6. Sports and leisure equipment and toys
7. Luminaires and lighting control equipment
(Federal Office of the Environment, 2017)
These categories were updated recently in 2017 to give a better scope of the amount of e-waste being made.
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There are many different methods used for the recycling of e-waste and it is usually determined by what is being recycled and the price of the recycling method. In poorer countries, they use acid stripping to recycled materials. This technique is bad for the environment and human health as it involves acids which tend to release toxic fumes into the atmosphere. In richer countries, they use methods like pyrolysis to melt off materials so that they can be recycled. This is better for the environment as it tends to be done in a safer fashion and in a controlled setting where they can limit the pollution released by the method (Shubham Gupta, 2014).
This highlights that there are a variety of different methods used for the recycling of e-waste. However, the method used has an impact on the effectiveness of recycling and the amount of pollution released during the process.
All this shows that the study of e-waste is still an important issue with legislation being updated and lots of research in the area being carried out recently. While there have been many studies into the effects of e-waste on the environment and human health there has been very little done on the effectiveness and implementation of the e-waste directives in towns like Swansea. This is why I think that a study into increasing the amount of e-waste recycling in Swansea is a valid topic for my research proposal.
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An example of an area where bad practice in e-waste recycling has caused lots of problems is Guiyu in China. It is the largest e-waste recycling point in China, with two-thirds of the town's population working in e-waste recycling (ADL process, 2017), and receives both domestic and international e-waste. However, in Guiyu the methods that they use to recycle the e-waste are ineffective and very polluting, this has to lead to high levels of pollution in Guiyu to the extent that it is having a negative effect on human health.
The methods used for processing e-waste in Guiyu are very bad, for example, circuit boards are melted with fire to collect the materials; it releases toxic gases into the atmosphere which have a massive impact on the environment and human health. Another example of bad recycling methods is how they sort plastics. All the plastics that can be recycled are removed but the plastics that are regarded as scrap are burnt in open-air fires which is very polluting (Green Peace, 2012). This shows just how detrimental the recycling methods in Guiyu are.
The amount of pollution in Guiyu is having a negative impact on the health of the residents. Studies done in the area have shown that the amount of e-waste pollution is having a negative effect on health especially the health of young children. A study conducted in 2007 looked at the levels of lead in children’s blood in Guiyu and compared it to those in a control town. It found that the lead concentrations were significantly higher in Guiyu than in the control town. It was suggested that the children’s proximity to the e-waste recycling areas caused the raised levels of lead which was a direct result of the amount of pollution that was released due to bad recycling methods (Xia Huo, 2007).
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The main method used to gather information in my research proposal will be surveys of the public. These will give me an insight into what the public thinks and knows about recycling e-waste. The other source of data collection will be from the local council about the amount of e-waste recycled. To get this data I will e-mail and ask the Swansea local council for the information using their e-mail, evh@swansea.gov.uk (Swansea Council, 2017).
The survey I will use will be put through on Survey Monkey to gather a wide range of varied responses from a large number of people. This will give me a wide range of data from a variety of sources giving me a lot of data points to analyse. If possible, I would like to get between 100-200 replies for the survey to get lots of data for analysis to give a more detailed evaluation of the problem.
[bookmark: _Toc502845472]Example survey
1. What gender are you?
a. Male
b. Female
c. Other
2. Which age group do you fall under?
a. 15-20
b. 21-25
c. 26-30
d. 31-35
e. 36-40
f. 41-45
g. 46-50
h. 50+
3. What do you do with broken electrical products?
a. Throw it away
b. Trade it in
c. Hand, it into the local recycling point
d. Put it into storage
4. What do you do with working electronic products that you no longer use?
a. Throw it away
b. Trade it in
c. Give it to a friend
d. Hand, it into the local recycling point
e. Put it into storage
5. Do you know where the local electronic waste recycling point is?
a. Yes
b. No
6. How many electronic products do you purchase in a year?
a. 0
b. 1-2
c. 3-4
d. 4-5
e. 6+
7. How often do you need to dispose of old electronic waste?
a. Every 1-3 months
b. Every 4-6 months
c. Every 7-9 months
d. Every 10-12 months
e. More than 12 months
8. What would make you more likely to recycle electronic waste?
a. Better availability of recycling points
b. Monetary rewards
c. Electronic collection days
d. Wider distribution of information on electronic waste recycling
e. Other
This is an example of the basic survey that will be used in the collection of data. It covers key areas including how much e-waste they generate and what they do with that e-waste. This will allow me to analyse the amount of e-waste and what is happening to it. clearer and easier to answer. As this is an example, changes to the survey will be made to make it more informative and make the questions
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To analyse the data, I will be using excel to create graphs for a detailed analysis of every question in the survey to try to find the reason of the low rates of e-waste recycling in the area and possible methods to increase the amount of e-waste recycling. 
The data gathered from the local council will be analysed to find out the rates of e-waste recycling and whether it is increasing, decreasing, or staying the same. Hopefully, I will also be able to find out where the most e-waste recycling is happening in Swansea and this will mean I will have more data to analyse and to figure out why there is more recycling in that area.
Most of the data gathered from the survey will be quantitative data, this means it is expressed in numbers.  I can, therefore, use tests like Spearman’s Rank, and Chi-squared to analyse the results to get an overview of what is happening with the data that I have gathered (health.herts, n.d.). Using these methods and other methods, I can study the results in a way that will let me get an understanding of the e-waste recycling situation in Swansea.
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The results of the study will hopefully find out why there is so little e-waste recycling and possible ways to increase this. This will be useful as the number of recoverable materials in e-waste is massive and many of them tend to be precious metals that have many uses in other areas. The study could reveal ways to increase e-waste recycling in the area, which would be advantageous for the environment as less toxic materials will be left in the landfill and there would be less need for the mining of precious material as more would be available through recycling.
[bookmark: _GoBack]The main limitation of the study is the number of survey replies that are received. If there are few replies to the survey, then it will not be possible to make accurate conclusions based on the data. This would limit the credibility of the results as too few results will not give an accurate overview of e-waste recycling in the area. To try and limit the effect of this I will also get data from the Swansea city council on the amount of e-waste that they recycle and the methods of collection that are in place within Swansea.
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In conclusion, I think that an investigation into the recycling of e-waste and possible methods to increase it is an important and valid topic for research. This is because the generation of e-waste is a major and growing issue that is a contributing factor to higher levels of pollution; as the amount of e-waste being generated increases, so does the need to recycle it.
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