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Introduction
There is a large effort to reclaim old industrial sites and turn them into useable land. One example of this is Kilvey hill in Swansea. This used to be the site of an old copper slag dumping grounds where local industry used to dispose of waste from the local copper works. In 1886 a local paper said “The hill side is nothing but one great mass of soft, loose, brown earth and stones and boulders”. (The Cambrian, 1886)  This shows that the land used to be bare and had very little to no plant life. This caused many issues for local residents such as land slips because there was no vegetation to anchor the soil and sediment down. In recent years the site has undergone a lot of change. The site was covered by a layer of topsoil and nature was able to reclaim the site. This report aims to look at the site health and what can be done to improve the sites biodiversity of both flora and fauna. This is important for the site as it will allow nature to fully reclaim the site and return it to how it was before the industrial waste caused the site to become uninhabitable for most plant life, improving both the environmental impact of the site as well as the public use of the site.
Methodology
In order to find out the site health there are a number of factors to look at. One of the factors to look at is the composition of nearby water sources. Water sources are great for looking at what chemicals and compounds are common in the area as water can travel long distances over the site and collect different compounds as it moves. There is a small pond on the site called quakers pond. This is a small body of water located on kilvey hill which is made up of 4 different input streams. 3 different PH readings were collected from the pond. One sample was taken near the input streams, one was taken near the output and the final sample was taken at a stagnant part of the pond away from the input/output. The samples were tested for several factors such as PH, nitrates, copper and several other compounds. Using information online we can determine whether or not the water is within the safe limits.
Another way of determining the sites health is looking at the different types of plants growing and how well they are thriving in the habitat. Certain species can have their growth stunted by poor conditions. If we look at the plants that are on site currently we can determine how these plants are growing and comparing them to plants growing in healthy areas. We can also look at plants which are growing at the site but which pose a threat to native species.
Results
PH samples were taken from quakers pond at 3 different points. These were the readings at the different points;
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The diagram shows that at the input and output the water PH was 7 while the stagnant part of the water gave a reading of 6.5. 7 on the PH scale means that the water is neutral while 6.5 is slightly acidic. The average PH of the pond is 6.8 which is very close to neutral. This is a sign that the water isn’t too polluted. High or low PH is a sign of pollution, but these readings appear to be within the safe limit which is between 6.5 and 8.5.
Water samples were also tested from the pond for other compounds. These samples were taken from the pond and tested in the lab for;
· Nitrate
· Phosphate
· Sulphate
· Ammonia
· Chlorine
· Copper
· Iron
 These can be used to determine the health of the site and to see if they are within safe limits. The copper and Iron were tested using photo spectrometry and the rest were tested field testing kits.
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This graph shows the average levels of Nitrate, phosphate, sulphate, ammonia and total chlorine found within the samples collected from the site.
Discussion
Looking at the results from the PH meter readings in the pond it shows that Sample A and B taken from the pond is neutral and is what you’d expect the water to be. However sample C had a PH of 6.5 which means it is slightly more acidic but not by much. This could be because the water the sample was taken from was a lot more stationary and stagnant than the water from sample A and B which were flowing straight through the center of the pond. Any materials that could cause the PH to drop would be washed out of the pond very quickly. There was also lots of litter observed in the pond which depending on the type of waste it is could have lowered the PH of the stagnant water.
The other samples taken at the site can also give us an indication of the health of the site. The water was first tested 3 times for nitrate and the results came back with an average of 3.33MG/L of nitrate present. According to a paper written about the effects of nitrates on aquatic ecosystems, anything over 0.5 to 1 mg/l of nitrate in the environment can cause acidification and eutrophication. Nitrate has negative effects for aquatic life and can cause many issues to many kinds of organisms to not just fish but can cause rapid growth of simpler plant life, suffocating other animals and plants due to lack of oxygen and sunlight. (Camargo and Alonso, 2006) It is worth noting that the rapid test that was used is not 100% accurate and a more thorough test may be needed to confirm these results. Phosphate was also tested for and the results came back saying there was no phosphate present at the site. This is good as too much phosphate can have large effects on local ecosystems. Phosphate is typically used a fertilizer and so when in water can cause plants within the water to grow at an accelerated rate, essentially starving both fish of oxygen and other plants of sunlight just like nitrates. (Badamasi et al., 2019) Sulphate levels were also measured and came back as not being present. Too much sulphate in an aquatic environment can pose a threat to many different species and can be exacerbated by the hardness of the water. The harder the water the less sulphates are required for the water to be deadly. (Elphick et al., 2011) The water at the site was measured at a hardness of 50. This makes the water soft and so even if there were high levels of sulphates it wouldn't increase the toxicity of the substance by much.
Ammonia was found to be on average about 0.5MG/L. According to a paper written about the effects of ammonia in an aquatic environment, 0.5mg/l will have a limited effect on species exposed to this much of the substance. (Constable et al., 2003)
Copper and iron were also tested at the site using photo spectrometry which is a lot more accurate than the rapid field test used for the previous compounds. The copper contents were found to be 0.49mg/l while iron levels were found to be 0.25mg/l. According to a study on heavy metal contaminations in foul water from different locations such as housing estates, the highest concentrations of copper found were 0.24mg/l. (Rule et al., 2005) This means that the site had a much higher concentration of copper compared to these samples taken from foul water. This makes sense as the site is on top of old copper slag dumping site. It is very likely that the copper has leeched into the water flowing down the hill. This is a problem for any species living within the water and could be the reason not much animal activity was seen at the site.
We can also look to the plant life growing at the site to help determine the health of the site. The main plant that grows at the site is pine trees which do not need deep roots to grow. However these trees are considerably shorter than other trees of this species. This could be because under the thin soil layer is industrial waste from the copper works. This means that the trees cannot root as effectively and so stunts their growth. There were also several felled trees that appear to have fallen themselves rather than been cut down. This provides more evidence to the fact that the trees cannot take root properly. Heathland habitats are also present at the site alongside the woodlands which indicates areas where trees cannot take root. This is most likely because the soil is too thin to be able to take root. There are several other trees that do have much deeper roots such as oak, but they are few and far between.
There were also several different species of lichen at the site which are a great indicator of low air pollution in the area. Because lichen primarily grow on trees, they collect all their nutrients from the air. This makes them very sensitive to air pollution and cannot grow where there are too many impurities in the air. (Askham, 2020) This is a good sign that there is little air pollution at Kilvey hill. Star moss is another indicator of low air pollution as similar lichen, star moss collects its nutrients through the air rather than using roots like most other plants.
It was also noted that there are several invasive species at the site that have been brought from elsewhere. One of the most prominent species identified was rhododendron ponticum. This species is fast growing and can easily out compete native species. It spreads its seeds using the wind and can produce between 3000-7000 seeds per flower head. (Pembrokeshire Coast National Park, 2020) This is concerning as it can quickly become one of the more prominent species at the site if left unchecked.

Conclusion
In conclusion the sites health has clearly been effected by the industrial waste that used to rule the site. The water samples collected from quakers pond show that the PH levels as well as the levels of sulphate, phosphate and ammonia are within safe levels and will have limited effects on any organisms living within it. This could be because these nutrients are typically used in farming as a fertilizer but there are no farms on kilvey hill or further up stream..  However, there are high levels of nitrate within the water as well as very high amounts of copper and iron. The high levels of these compounds, especially copper are a worry for the site. Unfortunately due to the sites history there isn't much that can be done about the high levels of copper. But one recommendation for the site is to clean up the pond of the many pieces of human produced litter that is common in the pond.
Plant life within the site has had a massive improvement over the last few decades. While some plants may be effected by the sites history, they are still able to grow. An example of this is the pine trees that dominate the site. Although they have had their growth stunted they are still the dominant tree. Other plant life such as moss and lichen give us an indication that the site isn’t suffering from poor air quality despite its close proximity to the city of Swansea. One other recommendation that can be made for the site is working towards reducing the number of invasive species such as rhododendron. With out proper control measures these plants can become a lot more prevalent at the site and can even out compete the native species.
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