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Abstract

The purpose of this experiment was to investigate the relationship between air pollution & the pH of rainwater.
Acid rain forms when air pollutants, such as sulfur dioxide (SO2) & nitrogen oxides (NOy), react with water in the
atmosphere to produce acidic compounds, which can harm ecosystems, corrode buildings, & affect human
health. Understanding the factors that influence rainwater acidity is important for assessing the environmental
impacts of air pollution.

Rainwater samples were collected across a variety of dates with varying levels of air pollution, & the samples’ pH
levels were measured using pH paper. Seventeen total trials were conducted over different precipitation events,
including snow & rain, to ensure sufficient data for analysis.

Purpose: Study was to determine whether increased air pollution levels increase the acidity in local rainwater.

Our specific, testable hypothesis was: If rainwater 1s collected during periods of higher air pollution (measured in
ug/m?) then the pH of the rainwater will be lower (more acidic) than rainwater collected during periods of lower
air pollution. The results concluded show that precipitation samples collected during times of higher levels of air
pollution were measured at a higher acidity. The findings suggest that air pollutants (sulfur dioxide & nitrogen
oxides), contribute to the formation of increased acidity in rain by reacting with atmospheric moisture. This
experiment shows the relationship between air pollution & the pH of rain, & especially highlights the
environmental impacts of air pollution.
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Research Question

Asking Questions

Explains why this is an important question and of scientific interest
Involves an aspect of Earth’s environment about a local or global issue
Considers ideas that previous investigations did not address

Reflects in-depth knowledge of the content area

Question 1s clearly stated

Are answerable through scientific research appropriate to the scope of
the report (1.e., scientifically testable)
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and nitrogen oxides and the pH of rainwater. Rainwater can be affected by substances present in the
atmosphere, including pollutants from human activities, and one way scientists measure these effects
is by using pH, a scale determining how acidic or basic a substance 1s. Normal rainwater is slightly
acidic, with a pH of around 5.6; however, when rainwater becomes more acidic, it can have harmful
effects on forests and aquatic ecosystems and can reduce biodiversity. For example, acid rain has been
shown to damage fish populations by lowering lake pH and mobilizing toxic metals such as
aluminum. Air pollution mainly comes from human activities such as cars, factories, and power plants
that release gases into the atmosphere. Pollutants like sulfur dioxide and nitrogen oxides are produced
by burning fossil fuels and react with water in the air to form acids, which lower rainwater pH and

result in acidic rain. To understand this relationship, it’s important to examine how pollution sources

directly influence atmospheric chemistry. Studying the relationship between air pollution and
rainwater pH helps scientists understand environmental impacts, which 1s why this project

investigates how pollutants such as sulfur dioxide and nitrogen oxides affect rainwater pH.

precipitation will be more acidic than water from a low-pollution area because the sulfur dioxide and
nitrogen oxides from vehicles would react with water vapor in the atmosphere to form weak sulfuric

and nitric acids.
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Introduction
Content Knowledge

Scientists across the globe study the relationship between air pollutants such as sulfur dioxide

If rainwater 1s collected from an area with a higher Air Quality Index, then the pH of the
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Discussion

Interpreting Data

The purpose of this investigation was to determine if there was a

relationship between air pollution levels and rainwater pH. Our
hypothesis stated that higher levels of air pollution would result in lower
pH of the rainwater, making the rain more acidic. The results showed
that there was an inverse relationship between air pollutants that were
higher, around 12-14 png/m?3, and the pH of the rainwater was lower,
around 5.0 pH. When the air pollution decreased, the pH of rainwater
increased, reaching at the highest of 5.75. This trend suggested to us that
air pollution is more likely to produce acidic rainwater. These results
alioned with other studies on this relationship, which show that air
pollutants like sulfur dioxide and nitrogen oxides contribute to lower pH
levels in rain. Similar research has also demonstrated that areas with
higher pollution experiences more acidic rain due to these pollutants.
The results supported our hypothesis. The data matched the original
hypothesis that an increase in air pollution would correspond with lower
pH of rainwater. A scientific explanation for these results is that air
pollutants released from factories and vehicles react with water vapor in
the atmosphere which results in sulfuric and nitric acids. These acids
lower the pH of rainwater. When air pollution levels are lower, there are
fewer acidic compounds in the atmosphere, leading to a higher pH.
Some errors in our experiment could be limited data points, different
weather conditions, and inaccuracies in our pH measurements.
Improvements we may do in the future could be collecting samples of
rainwater over a longer period of time. Overall, the experiment tested
the hypothesis because it compared air pollution levels to rainwater of
pH over time. The data showed a trend that supported the hypothesis.
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Conclusions

Drawing Conclusions & Next Steps

Our hypothesis was supported by our experiment. Our data suggests that

higher air pollution levels corresponded with lower pH values. A major success of

our experiment was the collection of data over multiple datasets and having
multiple data points. If we were to conduct this experiment again, we may look
into increasing the number of locations we conduct this experiment, as well as
spreading it out across several months and seasons of the year. Some areas for

further research could be experimenting with different types of pollutants to see

which affects rainwater the most, how seasonal changes affect the acidity, and

more locations, such as urban and rural areas. This type of research 1s important
because acid rain can impact the ecosystem and water sources. Understanding this
relationship can help scientists develop strategies to reduce pollutants and protect

Planning Investigations :
1ng g Analyzing Data
Describes the planning process
The pH wvalues will be recorded for each trial and entered into the
- Materials used to conduct our experiment include seventeen Bacnunn pH data table. The average pH of the rainwater sample will be calculated
Test Strips (with a detection range of 4.5-9), one RACETOP Clear and compared to the normal rainwater pH, which is 5.6. A common
Disposable Plastic Cup, reused for all trials, sterile disposable latex gloves, and trend that we saw with our graph is that there is a common
an online spreadsheet to data recording, : : : : :
P S relationship between the air pollution going downwards, and so does
L . the pH. The pH rarely varies and stays pretty consistent around that 5
- The Bacnunn pH strips with a 4.5-9 range were selected since it can P P Y . ys P . y .
accurately detect acidity near normal rainwater pH (5.6). pH range, while the air pollution has a wider range. Our hypothesis
stated that if rainwater is collected from an area with a higher Air
- Atr pollution data was accessed using the PurpleAir and AirNow websites. Quality Index, then the pH of the precipitation will be more acidic
than water from a low-pollution area because the sulfur dioxide and
-83.661342, in the city of Toledo, Ohio. - . - -
‘ ty ‘ atmosphere to form weak sulfuric and nitric acids. Our experiment
accurately reflects what we should test to prove or disprove our
Carr ying Out Investlgauons hypothesis because we tested the level of air pollutants, such as sulfur
Describes what happened dioxide and nitrogen dioxide, in relation to the pH of the rainwater at
the same time, 1n the same area.
- Gather all materials needed. (The same collection location and cup were used
for all trials to ensure control variables. While 1t’s actively precipitating, put pH VS. Average Air Pollutants
the plastic cup outside to collect water for 10 minutes "
- Collect the cup, put the pH paper into plastic cup for approximately 2
seconds whilst wearing sterile latex gloves
w
§ 10
- Compare pH paper to pH list after 15 seconds under natural daylight, record %
pH number measured from the rainwater. e
<
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- Wash hands immediately using soap and water. g ’
z
- This procedure was repeated for a total of 17 trials. The GLOBE procedure
we used pH in the Hydrosphere, and precipitation in the atmosphere. ;
475475 475475475475 5 5 5 5 5 5 5 525:5:205:25,5:75
Ward Pavilion &5 @) sycamore Shelter
pH Level
f:g Site location Time Date Average
Central Ave 41.67,-83.68 7:00 AM 11/9 12.5
’ 2 %, 41.67,-83.70 9:00 PM 11/21 13.5
- covert e @) K 41.67,-83.71 11:00 PM 11/25 14
s Methodist Church ‘5// & 41.67,-83.72 9:00 AM 11/26 13.5
i 1 H i %, 41.67,-83.73 1:00 PM 11/30 13
: 3 2 % 41.67,-83.77 10:00 AM 12/19 11
T ' 41.67, -83.66 2:00 PM 11/7 10
) & winer R 41.67, -83.67 8:00 PM 11/8 11
41,67, -83.69 2:00 PM 11/18 10
41.67,-83.74 12:00 PM 12/9 9
41.67,-83.75 3:00 PM 12/10 9
Y 41.67,-83.76 7:00 PM 12/18 8
g S 41.67, -83.66 9:00 PM 12/26 9
Behanical g g E g 41.67,-83.78 7:00 AM 12/23 8
5 2 5 g 41.67,-83.79 2:00 PM 12/25 8
- 3 41,67, -83.66 4:00 PM 12/28 7
4 é 41.67,0366 | PN 28] 7
§ ). §Q ph airpollution (airnow) (ug/m?) airpollution (purpleair) (ug/m?)
R $ z 4.75 13 12
S e £ Google Maps ? ' 4.75 14 13
Imagery ©2026 , Map data ©2026 Google United States Terms Privacy Send Product Feedback 200 ft le——
4.75 14 14
GLOBE Badges 4.75 13 14
4.75 13 13
4.75 11 11
5 10 10
5 11 11
5 10 10
5 9 9
5 9 9
5 8 8
5 9 9
5.25 8 8
5.25 8 8
5.25 7 7
S 7 y

the environment.
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