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Abstract:
An aerosol is a tiny solid particle or liquid droplet in the atmosphere. Primary aerosols are injected into the atmosphere directly in many ways: sea spray, mineral dust, smoke, and volcanic ash. Secondary aerosols are emitted in another form such as gases and undergo chemical reactions in the atmosphere. Although aerosols are barely visible to the human eye, they still have impact, factoring into Earth's climate, air quality, and cloud creation. To understand how Aerosol Optimal Thickness (AOT), along with temperature, humidity, and pressure affects air quality, data was collected from Mid-August to Late February. To collect aerosol measurements, skies had to be clear of any clouds, trees, powerlines, or other obstacles preventing a direct viewing of the sun. As close to solar noon as possible, a Calitoo Sun Photometer was pointed directly towards the sun at chest height and operated, providing AOT data to be extracted later on. Subsequently, a cloud observation was taken, and current weather data was recorded. In using the photometer, several recordings, or trials, were taken to assure accuracy. The null hypotheses were to see the correlation between barometric pressure, relative humidity, AOT, and temperature all had with air quality. Results found that AOT had the greatest correlation followed by pressure, humidity, and lastly air temperature showed little to no effect on harming the air quality. However, more data could be found to further validate the findings of this research.
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Research Question & Null Hypotheses:

To what extent do Aerosol Optical Thickness (AOT), air temperature, relative humidity, and barometric pressure measurements correlate with air quality?

Null Hypothesis 1: AOT measurements do not correlate with air quality.

Null Hypothesis 2: Measurements of air temperature do not correlate with air quality.

Null Hypothesis 3: Measurements of humidity do not correlate with air quality.

Null Hypothesis 4: Measurements of barometric pressure do not correlate with air quality.

Introduction and Review of Literature: 

Through this project, the researchers recorded Aerosol Optical Thickness (AOT), barometric pressure, air temperature, air quality, and humidity data over the span of seven months in Dearborn Heights Michigan. One of the potential effects that aerosols may cause is atmospheric degradation. High AOT values indicate an increase in aerosol concentrations leading to atmospheric degradation. Atmospheric degradation can lead to many negative environmental consequences, one of which includes environmental damage by depositing harmful pollutants like sulfur dioxide and nitrogen oxides into the environment. This leads to acid rain which alters soil chemistry and harms aquatic life in lakes and streams, ultimately reducing biodiversity. Through studying and understanding the relationship of AOT and air quality, predictions can be made about pollution events and action can be taken to reduce their impact. This is important for public health, as according to the National Institute of Health, poor air quality is linked to asthma, lung disease, and other health problems (Toby C Lewis, 2005). They also share cities, such as Detroit, which are facing air pollution from factories, traffic, and weather conditions. High Aerosol Optical Thickness (AOT) means more pollution, which causes breathing problems, especially for kids and older people. Humidity can make pollution worse, while temperature and air pressure affect how pollution spreads. Studying AOT, temperature, humidity, and pressure can help predict pollution levels. This allows cities to warn people of air quality and find ways to improve it. According to the Harvard Primary Care, the Detroit area is battling some of the worst air pollution in the country and the University of Michigan School of Public Health states that, “Southwest Detroit, home to a large industrial complex, experiences some of the highest levels of air pollution in the state, leading to significant public health concerns,” (Alexander Restum, 2022). This quote emphasizes that the Metro Detroit area has some of the worst air pollution because of factories and explains why people in this area face more health problems from the polluted air. Some of these pollutants in the atmosphere can lead to global warming and climate change. Some of these particles can reflect sunlight, helping to cool the atmosphere.  According to the United States Environmental Protection Agency, black carbon can absorb most sunlight leading to this atmospheric cooling (Teresa Kuklinski, 2016). However, NASA GLOBE mentions that aerosols are found to have less of a cooling effect over time. This means that there is now an increase in the type of aerosol particles that absorb heat from sunlight. This causes the atmosphere to become warmer which can lead to melting ice caps and natural habitat loss, leading to a decrease in biodiversity. This results in rising sea levels which causes flooding and water damage to our cities. 

Materials and Methods:

[image: ]
Figure 1. Research Site. The image on the top is a satellite view of a research site at the practice field of Crestwood High School (42°19'16"N 83°17'40" W).

[image: ]
Figure 2. This image shows the Calitoo Sun Photometer which was used to measure AOT levels.
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Figure 3 and 4. These images above represent WeatherBug, an app that was used to gather data for air temperature, barometric pressure, and relative humidity.
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Figure 5. map.purpleair.com was the website used to record the PM 2.5 concentrations in the surrounding area.

A team of three researchers came together to measure and record Aerosol Optical Thickness (AOT), barometric pressure, air temperature, air quality, and humidity data for seven months in Dearborn Heights, Michigan. Sites were chosen based both on availability and low cloud coverage. The first site chosen was at Crestwood High School in Dearborn Heights, Michigan and a researcher’s backyard. After choosing an area with low cloud coverage, the researchers would then use the borrowed aerosol photometer from the school and test aerosol measurements by aiming the photometer at the sun at chest height. Three trials were taken measuring the AOT levels each time to ensure they were accurate. After taking AOT measurements, the researchers would use WeatherBug, a mobile app reporting live forecast data to record the current barometric pressure, relative humidity, and air temperature. Lastly, they recorded air quality measurements off purpleair.com using a nearby outdoor installation. All data would then be recorded on paper. While one researcher would be taking AOT measurements another researcher would record cloud observations, and the third researcher would input the data into Globe database. Finally, all data would be recorded on an online spreadsheet.


Data Summary:
[image: ]
Figure 6. When comparing Barometric Pressure with Particulate Matter concentration (PM), a correlation can be observed between the two. Higher levels of PM 2.5 appear alongside elevated barometric pressure.
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Figure 7. There is a slight correlation between relative humidity and PM 2.5 concentration, with lower humidity showing lower PM 2.5 levels, and vice versa. However, due to the small data set, it is difficult to come to a full conclusion.
[image: ]Figure 8. There is apparent correlation between air temperature and PM 2.5 concentration
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Figure 9 and 10. There seems to be a relatively strong correlation between AOT and PM 2.5 levels. Higher AOT levels exhibit higher PM 2.5 levels in both green and red spectrums.





Data Analysis and Results:   

The data in the study shows that Air temperature, Barometric Pressure, Relative Humidity, do not closely correlate with PM 2.5 measurement, while Aerosol Optical Thickness seemingly does. Though this distinction has been identified, it does not indicate a true correlation between AOT and PM 2.5, as our sample sizes are too small to reach that conclusion. Additionally, it is possible that our sampling methods themselves were improper due to oversight or human error. The PM 2.5 measurements, for instance, came from a Purple Air website with settings unfamiliar to us, leading to the possibility of having recorded inaccurate results. Therefore, we support three of our four hypotheses.

GLOBE Data Analysis: 
[image: ]
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Figure 11 and 12. Comparison of Green wavelength AOT data collected locally vs AOT measurements made by other groups in a similar time frame at Sunbridge Middle School.  
[image: ]
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Figure 13 and 14. Comparison of Red wavelength AOT data collected locally vs measurements made by another group at Sunbridge Middle School.
When comparing with a separate data set, from Sunridge Middle School in Oregon, it is apparent that we share commonalities in our records, even while the graphs are in different time scales. This helps validate our support for this dataset, as it further proves that our measurements are in fact accurate and not outlying. This also means that they likely have similar air quality compared to that taken at the local sampling site due to having a similar indicating factor. On the other hand, these measurements were taken a long distance away from our own, in a different U.S. state, and therefore several extenuating circumstances could have shown within their data. 
Conclusion:
The researchers concluded that certain atmospheric conditions affect air quality. A relatively strong, positive correlation was shown between air quality and both red and green AOT measurements. As shown in figures 12 and 13, as the AOT increased, so would PM 2.5 meaning air quality would worsen. This was to be expected as many studies suggested AOT has negative impacts on the air quality. In contrast, air temperature would show little to no correlation with air quality. While it is true data showed little to no correlation between temperature and air quality, it is shown in studies from the World Resources Institute that high temperatures can influence environmental conditions. Some examples are droughts or even wildfires, which in return increase PM levels worsening air quality. Furthermore, the research indicated that barometric pressure had a positive correlation with PM levels. This suggests that high pressures show a decrease in the quality of the air. The Center for Science education supports the data explaining that high pressure leads to dry conditions which increase PM levels like shown in figures 6 and 10. Lastly, small positive correlations were found between relative humidity and air quality. Shown in figures 7 and 11 as the humidity increased so did PM levels. These findings also go along with what Airly Industry suggests. As relative humidity increases, there is less air circulation and particles get trapped in the air decreasing air quality.
Discussion:
Within the work towards finding relationships between air temperature, barometric pressure, and relative humidity with air quality, it was found that all three of those metrics had been found with no major correlation with air quality, therefore rendering their null hypotheses true. This left the null hypothesis surrounding the relationship between Aerosol Optical Thickness and Air quality rejected, as they showed a positive correlation with one another. These conclusions, however, should not be taken too seriously, as the research was not large enough in scope to cover enough of its failures. For instance, though the number of metrics recorded was plentiful enough to come up with these conclusions, they were not plentiful enough to be able to prove anything. Had more research been done, more measurements taken, and more time been put into minor details, this project could have taken a different form. This project’s components could have been used for weather analysis or seasonal trends. In its current state, however, it can be used to an extent in furthering the public’s understanding of what air quality is truly about from a different lens.
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 Sunbridge Middle School, Oregon red and green wavelength AOT data
On a side note, measurements of Aerosol Optical Thickness are unitless, meaning that these aren’t literal physical measurements but rather measures of relative size.

Badges:

I Am a Data Scientist: 

The researchers hope to earn the “I Am a Data Scientist” for their data collection spanning over the past seven months. The researchers took 3 trials for each sample, recorded data onto organized sheets, and compiled the data onto an online spreadsheet. The data was then used to create graphs to help examine how air quality was affected by AOT, pressure, humidity, and temperature.

I Make an Impact:

The research hopes to earn the “I Make an Impact” badge for their work on aerosols. Helping people to understand how AOT, humidity, temperature, and pressure affect air quality. We hope to make our findings public, making them available for anyone to read through GLOBE. This way people in our community as well as all over the world can better understand air quality and its related factors.

I Am A STEM Storyteller:

Researchers hope to earn the “I Am A STEM Storyteller” for documenting their journey on Instagram under the username “aerosol_thickness.” The team utilized the page to document parts of their research and educate members of the community on how air quality is affected by AOT, humidity, temperature, and pressure.
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