
The Effects of Common Substances Found in Urban Runoff on the CO2 Intake and 
Productivity on Brassica Oleracea Var. Sabellica

Research Question

ConclusionsMethodology

Data Analysis

How does varying common chemicals 
found in urban runoff affect the CO2 
intake and productivity of Brassica 

oleracea var. Sabellica?

1) Young, healthy curly 
kale plants were acquired.

2) Plants waited for two days before dousing 
with chemical substances.

3) Individual plants were doused with their different 
substances (plant food, insecticide, coolant, and water).

The CO2 concentration was recorded after each kale 
plant was doused.

The process was repeated every other day for two weeks

The kale plant doused with water on average had the 
smallest difference between initial vs. average CO2 

concentration by the end of the two weeks. This means that 
overall this plant started at its peak health and stayed the 
healthiest throughout the course of the experiment. So, in 
conclusion, when plants are doused with substances other 

than water, they take in less CO2 and therefore are less 
healthy and productive.
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What pollutants are commonly found in urban runoff? What is its influence on plants?

There are many pollutants in urban runoff, some of which can 
be extremely harmful to the environment around us. These 

pollutants include substances like oil, grease and toxic 
chemicals from motor vehicles, pesticides and nutrients from 

lawns and gardens, heavy metals from houses or other 
vehicles, road salts, sediment, etc.

Nonpoint Source: Urban Areas. (2021, December 6). US EPA.

When plants are exposed to urban runoff, it 
affects the soil moisture and temperature of the 
plant. This leads to the pollutants in the runoff 
affecting the overall CO2 intake of the plant.

Modeling Choices and the Effects of Water Runoff on Plant 

Productivity. (2016, July 29). Energy.Gov.

Common pollutants in urban 
runoff

Influence on plants



Why is studying plants and CO2 significant?

Plants go through the 
process of photosynthesis,

this allows plants to use 
solar energy by converting 
carbon dioxide and water 

to carbohydrate 
(and oxygen). Much like 

how humans need oxygen 
to survive, plants need 
CO2. They must have a 
minimum of 150 ppm of 

CO2 to live.

Editorial. (2021, September 30). 
Natural CO2. American Energy 

Independence.

Curly kale plants 
are a common plant 
found in gardens and 
transported to grocery 

stores. Factors 
like pollution via urban 
runoff could limit CO2 

intake, not only 
affecting the 

growth and quality of 
curly kale but also 
other crops we eat.

Photo credits: http://diagramvn.scuoleamichedellasalute.it/tree-photosynthesis-diagram/

Process of Photosynthesis

http://diagramvn.scuoleamichedellasalute.it/tree-photosynthesis-diagram/


Background Information on CO2 Concentration

"An increase in the carbon dioxide 
concentration increases the rate at 

which carbon is incorporated 
into carbohydrate in the light-

independent reaction, and so the rate 
of photosynthesis generally 

increases until limited by another 
factor."

Benckiser, R. (n.d.). Challenging plants: Plant science. RSC Education.

"Higher concentrations of carbon 
dioxide make plants more productive 

because photosynthesis relies on using 
the sun's energy to synthesize sugar out 
of carbon dioxide and water. Plants and 

ecosystems use the sugar both as an 
energy source and as the basic building 

block for growth."

Haverd, V., Smith, B., Cuntz, M., & Canadell , P. (2020, February 10). Yes, more 
carbon dioxide in the atmosphere helps plants grow, but it’s no excuse to 

downplay climate change. The Conversation.

An elevated CO2 in plants causes an increase in 
photosynthesis, which is overall good for that plant because it 
leads to a greater production of carbohydrates and biomass. 

So, the higher the CO2 intake, the healthier the plant.

Important Quotations for Comprehension:



Research Question 
and Hypothesis

How does varying common 
chemicals found in urban runoff 
affect the CO2 intake of Brassica 

oleracea var. Sabellica?

If Brassica Oleracea var. Sabellica (Curly Kale) is doused 
with a 63 mL:13 mL solution of tap water to Miracle Grow 

Plant Food every other day for 2 weeks then the CO2 
concentration within the container will contain 10% less 

PPM than without that exposure. Whereas if 
Brassica Oleracea var. Sabellica (Curly Kale) is doused 

with a solution of Hot Shot: Insecticide and tap water or a 
solution of Auto Zone: Extended Life Antifreeze 

and Coolant and tap water, the CO2 concentration will 
increase immensely.



Beginning to end

Methodology

1: Four healthy, 
one-month old 

Curly kale plants 
were acquired.

5: CO2 concentration 
was recorded after each 
plant was doused with 

their substance.

4: After ten minutes, the tape 
was taken off the opening of the 
tube. For four minutes, the CO2 

meter was placed into the 
opening and sealed with tape.

3: Each plant was watered with a 12mL 
assigned substance to 63mL tap water 

ratio. Tape then covered the opening of 
the piping for ten minutes. The CO2 

meter was calibrated.

2: Four plastic containers, which acted 
as a terrarium, were taken and 1” holes 
were then drilled by a parent into the lid 
of the container and assigned to one of 

the four plants.

6: The process was 
repeated every other 
day for two weeks.

Photo 
Credits: 
Piscitelli 

and 
Rocha



Results for Week One Measuring PPM Level (1/8/22-1/10/22-1/12/22)

Graph One: The x axis represents the type of substance used to douse the curly kale plants and the y axis 
represents the number of the recorded CO2 concentration (in ppm). The differing bars represent the number of 
days the experiment had lasted so far. Compared to the control group of water the CO2 concentration doesn't 
vary too much from its pattern. As the days continued the ppm level decreased until day three where the ppm 
level increased. The lowest average CO2 intake for all three days has been insecticide as you can see by the 

lower bars.



Start/End of Week One Photos

1/8/2022: Pictures taken of each plant before dousing to track how healthy they appear.

1/10/2022: Pictures taken of each plant before dousing to track how healthy they appear.

1/12/2022: Pictures taken of each plant before dousing to track how healthy they appear.



Results for Week Two Measuring PPM Level (1/18/22-1/20/22-1/21/22)

Graph Two: The x axis represents the type of substance used to douse the curly kale plants 
(Brassica oleracea var. Sabellica) and the y axis represents the number of the recorded CO2 gas concentration (in 

ppm) in each assigned environment. The differing bars represent the number of days the experiment had lasted 
so far. Compared to the control group of water the CO2 intake doesn't vary too much from its pattern. As 

the days continued the ppm level increased for coolant and insecticide but decreased for water and plant food up 
until day 6 where it increased.



Start/End of Week Two Photos

1/18/2022: Pictures taken of each plant before dousing to track how healthy they appear.

1/20/2022:Pictures taken of each plant before dousing to track how healthy they appear.

1/21/2022: Pictures taken of each plant before disposing to track how healthy their final state was.



Final Results (Difference of CO2 Concentration Throughout Two Weeks)
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Assigned Plants CO2 Concentration vs. Total Days

Water Plant Food Coolant Insecticide

Water Plant Food Coolant Insecticide

Day 1 585 656 678 605

Day 2 466 430 508 462

Day 3 644 635 625 581

Day 4 624 609 558 541

Day 5 531 535 597 591

Day 6 599 623 654 653



Original Average

Water 585 572.8

Plant Food 656 566.4

Coolant 678 588.4

Insecticide 605 565.6

Substance
Percent Differences

Day One-Day Six

Water 2.17%

Plant Food 13.66%

Coolant 13.21%

Insecticide 6.51%

Conclusions to the Experiment
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Plant food and Coolant doused 
plants had the greatest change in 

CO2 concentration over the course 
of 2 weeks (13.66% and 13.21%). 

Water had the lowest percent 
difference at 2.17%. What does a 

higher or lower final CO2 
concentration mean for the plant's 

survival? Does the difference 
between the first day to the last 
contribute to this conclusion?



Discussion & Conclusion

According to research, the higher CO2 intake, the healthier the 
plant is because it increases photosynthesis. But, the higher CO2 

concentration, the less healthy the plant becomes. This is 
determined because the enclosures were sealed shut so the CO2 

inside was the amount of CO2 not being taken in by the 
plant. Differences significant because it shows how healthy the 
plants were to begin with and how much the dousing affected 

them from their initial ppm reading.

Photo Credits: Piscitelli and Rocha

Photo Credits: https://www.thespruce.com/growing-kale-1403516

The plant doused with water started the healthiest and stayed the healthiest 
throughout the course of the experiment. The graphs show that the kale plant 

doused with water, on average, had the smallest percent decrease in CO2 
concentration, of 2.17%, overall. As well as having the smallest CO2 

concentration difference between its initial ppm, 585 ppm, and its average 
ppm after the two weeks, 572.8 ppm, giving it a difference of 12.2 ppm, by the 
end of the two weeks. Plants doused with substances other than water take in 

less CO2, therefore affecting their productivity and health. Each plant started at 

its healthiest so the amount that health decreased from their environments initial 

CO2 concentration showed which substance had the most significant effect on 

the plant. Substances, such as, Miracle Gro: All Purpose Plant Food , Auto 

Zone: Extended Life Antifreeze and Coolant , and Hot Shot: Insecticide had the 

highest overall percent decreases showing that these plants were affected the 

most during the experiment when exposed to urban runoff substances and 

became less healthy and productive during the duration of our experiment. 

https://www.thespruce.com/growing-kale-1403516


Real World Application

Urban runoff contains all the substances used to douse the kale 
plants during the experiment. The untreated water harms the plants 

around, decreasing their CO2 intake/ photosynthesis rate. We know this 
hurts plants but why does this affect us humans?

Humans contribute majorly to the substances found in urban runoff. 
Humanity causes an increase in carbon emissions and chemical leakage 

through their continued use of cars and other vehicles of the like. As well as 
usage and improper disposal of pesticides and fertilizers. The resulting 

increase in CO2 and chemicals will lead to both positive and negative effects 
on major agricultural crops used to feed the global population (such as plants 

like kale). CO2 causes an increase photosynthesis in plants which leads to 
greater growth and yield. But elevated photosynthesis leads to a greater 

production of carbohydrates and biomass which can be toxic to humans and 
their environment.
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