During this paper, the aims are to understand what affects fireworks have on the surrounding environment. The aims for the lab tests will be to find the results of the soil, water, air quality and the effects on plant matter. The lab tests will also show how far the effect will reach, moving away from the firework site. There will be 5 different samples that are moving away from a popular firework ground. From previous studies, fireworks are known to contaminate the air, soil and water by releasing heavy metal atoms into the surrounding area. They also release carbon dioxide, carbon monoxide and nitrogen. (Nguyen, 2022) Fireworks also harm the animals that are living in the surrounding environment due to the loud noise that is created when the firework explodes. Many species of animals are known to show psychological distress due to the explosion and can injure themselves from panicking and trying to find a place to hide during the night. It is shown that 45% show signs of fear during the night and 6% of cats and dogs suffer physical injuries trying to escape the noise. Not only with domestic pets, but also farm livestock are seriously affected by the noise and bright lights. In relation to the local woodland, many birds are known to flee the area and their nests which can prevent them from returning to the area. (RSPCA, N.D)
[bookmark: _Int_nnBDM9bi]During the experiment, the expected results should be that there are heavy metals present in the soil and water closer to the firework site, with a steady decrease the further away from the site. To test for heavy metals within the soil, the best test is known as EPA 3050B. This test involves the digestion of soils, using nitric acid and hydrogen peroxide, and filtering the remaining solution for further analysis using FLAA or ICP-AES analysis methods. (EPA, 1996) This method of testing and analysis is preferred because it accurately tells you the amount of each heavy metal within the soil.
When testing for heavy metals in water, there are many good options that can easily be purchased online. Although, these options are relatively basic and only show you the indication of high or low levels of multiple metals that are present. (Amazon, 2016) In order to understand the amounts of specific metals, a common lab test used is the EPA method 200.8 that can accurately determine the number of specific metals within a water system. This analyses the metals using Inductively Coupled Plasma Mass Spectrometry (ICP-MS) to specifically determine the amount of each heavy metal present. (Hannan, N.D) Although, these water samples will need to be taken the day after the firework event to allow the metals to settle in the water without allowing them to be washed away by the flowing water of the river. 
Testing for air quality can be simpler, LCS Laboratory offers a sampling kit for 12 heavy metals that are commonly found within popular firework that are “Cadmium, chromium, cobalt, copper, iron, lead, manganese, molybdenum, nickel, silver, tin and zinc” They also use ICP-AES to analyse the air, and this gives an exact reading of the concentration of heavy metals in a cube of air. (LCS Labratory inc, N.D) These samples need to be taken the same night as the firework event to prevent wind carrying away the toxic air, but also to prevent the heavy metals settling into the soil or water in the surrounding area. A problem with this is that wind during the event can carry the toxins in a different direction which can cause a null/non precise reading of what the full amount is being released.
When heavy metals get into the plant matter, this can cause problems to the plant growth and overall health. Studies suggest that heavy metals reduce the amount of root growth that a plant can produce which in turn affects the water and nutrient absorption of the plant. It can also cause stress on the plant which reduces leaf/fruit production which certain species depend on to survive. However, plants that are exposed to heavy metals for a long time can create a barrier to help protect themselves from these heavy metals to ensure root growth. (Front Plant Sci, 2016) When testing for heavy metals in plants, we can look at the heavy metals in the surrounding soil and that will give us a good understanding of what heavy metals are in the plant itself, but not how much is present. However, in order to understand the exact number of heavy metals and how much there is, we can use Inductively Coupled Plasma-Optical Emission Spectroscopy (ICP-OES) to detect the heavy metals within the plant tissue. (Kamal Usman, 2019) These tests need to be taken at least 48 hours after the event to allow the metals to settle and for the plants to absorb them to get an accurate reading of what metals are present in the plant tissue.
Due to the absence of a lab technician, there were no lab tests conducted. However, there would be multiple ICP-AES, ICP-MS and ICP-OES across each of the 5 samples so we can understand a trend that occurs the further away from this firework ground as well as to reduce anomalies. We would’ve expected to see a steady decrease of heavy metals as well as an increase in soil, water, air and plant health. This would prove that the environment in the surrounding area is being negatively affected by the fireworks and that plant health would eventually flourish if fireworks didn’t take place every year. The advantages of doing these tests are that they are quicker than other tests whilst providing which heavy metals and how much of each metal is present within the system. It is suggested that the site should stop putting on fireworks so close to a woodland altogether, however, it is a very popular event that provides an important income for the company as well as providing entertainment for the surrounding residents. If the firework show must continue, there are other more environmentally friendly options that could be introduced. For example, there are clean fireworks that use nitrogen-based fuel as well as very little metal salts used to create the colours, although these are much more expensive than traditional fireworks. (GARRISON, 2022) Another alternative that could be used is LED drones. These could be used to stop the use of fireworks altogether as they provide an impressive light show without the noise or pollution that traditional fireworks bring. Noise from the fireworks can disturb the animal population living within the woodlands and many countries have started to use drones as an alternative. However, drones have their own drawbacks in that they cannot be used in heavy rain which often occurs during firework night in the UK. However, using drones would be a lot more cost effective for the company that is putting on the display as they are a one-time purchase instead of purchasing a mass amount ever year. If there were readings taken, a problem with this method is that wind can carry the heavy metals to a different location before they fully settle. This can affect the readings by not showing what is fully being released and how much is being deposited. In order to improve the accuracy, you could check the wind direction and speed to follow where the bulk of the metals will settle. By doing this, you can get a better understanding of how much metals are being deposited in the nearest water way, soil and what plants will absorb the metals and get affected over time. Another test that can be done is testing the water at the end of a riverway to get an understand of how much metals get put into the oceans. This will give us an understand of how much and what metals are settled within the riverbed as well. These metals will also affect the marine life living within the rivers and they can be tested/studied to see how this affects their health and behaviour as some may dislike the impurity of the water and leave the area. From recent studies, it is known that heavy metals cause mortality by accumulating in the organs of fish and other marine life. This causes detrimental health to humans that consume this marine life as the metals are transferred from their system into the human’s system. (Shah, N.D) Another test that could be done is the surveying of wild species within the woodland before and after the event. This will give us an understanding of how the animals will react to the loud noises but also the biodiversity of the woodland and how fireworks effect this. From previous studies we know that it negatively effects the animals physical and mental state (RSPCA, N.D), however, we don’t know how long/if they recover from the noises. They may also deem the area as an insufficient place to live or breed and migrate to find a more suitable area.
The site could be in better condition involving the stopping of fireworks and using drones as an alternative. There would be an increase in plant and soil health as well as reducing the number of heavy metals that are deposited into the rivers and eventually the oceans. Not only that but animals would suffer less as there would be no noise pollution. There would be an increase in wild animal population in the surrounding area as well as a potential reintroduction site for endangered species. In order to see improvements to the site health, there should be periodic tests that can be compared to the tests that were taken closer to the time of the firework event. This would suggest how quickly the area can deposit the heavy metals as well as how much better the environment will do without these toxic metals in its system. The constraints of doing this however is that firework night is a highly celebrated event with multiple people taking part in their own homes as well as these major events. As the woodlands is surrounded by dense population zones, there could be an increase in these heavy metals from private firework shows that people are putting on in their own garden. Also, the companies that put on these firework events may not want to take the risk of converting to drones as fireworks are already extremely popular and a very reliable source of income and drones are untested with the popularity of the general public. If traditional fireworks must be kept, there should be regulations on where they can be set off. This should be in populated areas far away from any natural wildlife areas as next to a woodland can cause serious negative effects on the biodiversity that is being protected in the area. This isn’t as big of an issue in city centres as there are no natural grounds for animals to live as well as limited natural soil that can lead off into water ways. This would be beneficial for certain areas with high biodiversity while maintaining the joy and excitement that firework events offer.
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