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Abstract

The topic of this experiment focused on the effects of common substances found in urban

runoff on the CO2 intake and productivity of Brassica Oleracea var. Sabellica , also known as

Curly kale. This project was based on the concerns of the increasing CO2 concentrations due to

societies growing carbon emissions. As CO2 concentrations in our atmosphere increase, “ [it]

will lead to a variety of both positive and negative effects on major agricultural crops used to

feed the global population” (Thompson et al. 2017). To simulate this, four healthy, one month

Curly kale plants were taken and put into four plastic containers with a 1” hole drilled into the lid

of the container by a parent. The environments were assigned to one of the four plants and were

sealed. Each plant was watered with a 12mL to 63mL ratio of each assigned substance to tap

water and tape covered up the opening of the piping for ten minutes. After ten minutes, the take

was taken off the opening of the tube and the CO2 meter was placed into the opening and sealed

with tape for four minutes. After, the CO2 concentration was recorded after each plant was

doused with their substance and the process was repeated every other day for two weeks. In

conclusion, the kale plant doused with water on average had the least difference in the lowest

CO2 concentration by the end of the two weeks. This plant also had the lowest overall percent

difference throughout the two weeks. This means overall the plant started the healthiest and

stayed the healthiest throughout the course of the experiment. So, when plants are doused with

substances other than water, they take in less CO2, decrease photosynthesis, and therefore are

less healthy. 
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Research Question

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

productivity of Brassica oleracea var. Sabellica?  

Variables

Independent Variables: The different types of common substances, Miracle Gro: All Purpose

Plant Food, Hot Shot: Insecticide, and Auto Zone: Extended Life Antifreeze and Coolant.

Dependent Variables: The CO2 intake of the curly kale plants measured by ppm.

Control Variables: Type of curly kale plant, pot, soil, and terrarium.

Control Group: Curly kale plant given no solution, just water.

Hypothesis

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 decrease 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. 

Background Research

Rationale

Urban runoff is surface runoff of various liquids and contaminants created by

urbanization. Fertilizers are one of the most common substances found in urban runoff alongside

pesticides, automobile fluids, industrial pollutants and other wastes. These materials create health



risks for people, but it is still to be determined how it affects the plants around us. (1) From

certain previous experiments, the results of urban runoff changing plant productivity differ

regarding the substances in the water. For example, synthetic fertilizers in urban runoff increases

nutrients and causes algae blooms, red tides, as well as lowering dissolved oxygen levels (3). The

product of this experiment would depend on the amount of fertilizer/other substances found in

urban runoff, and the amount of runoff that is reaching crops. This would also depend on the sort

of plant used, in this case, tomato plants.

Nitrogen fertilizers are one of the main types of fertilizers used to increase crop

productivity. Nitrogen is a crucial nutrient for plant function, it “form[s] the building blocks of

plant proteins and enzymes,” it also helps allow photosynthesis to occur, driving plant growth

and yield (4). According to plant scientists, low use efficiency of nitrogen fertilizers threatens

sustainable plant production (2). It would be significant to learn how the amount of fertilizer

used on crops affects their growth, productivity, and CO2 intake.

With the effects of runoff, CO2 intake potentially follows. CO2 is an important variable

in the productivity, growth, and function of plants. Plants use CO2 in the processes of respiration

and photosynthesis, without it, plants would essentially starve, decreasing yield. According to a

previous study on the “Effects of Carbon Dioxide on Photosynthesis, Plant Growth, and Other

Processes,” with high CO2 is an “increase in photosynthetic rate” (7). If the carbon dioxide

concentration is low, “it will eventually be insufficient to support a higher rate of photosynthesis,

and increasing light intensity will have no effect, so the rate plateaus” (8). Thus, limiting the

plant's growth. Another resource on how varied amounts of light intensities and CO2 affected the

“growth, morphology, and production efficiency” of tomato plants had concluded in their



research that increases in CO2 and DLI levels resulted in an increase in tomato plants' growth

rate (6). This information is vital to know because it helps create a logical hypothesis.

Tomatoes have gained lots of consumer attention because of its “high nutritional values” and

variability (9). Plants tend to perform better in environments with CO2 concentrations of

between 600 and 1,000 ppm (10). “[Increased] carbon dioxide [exposure] also produces earlier

harvests and improves the ability of plants to resist disease and pests” (10). An experiment done

on CO2 enrichment and its effects on tomato seedlings had concluded that increases in CO2 and

DLI levels resulted in an increase in tomato plants' growth rate (6).

Knowing how different resources in runoff water may have an impact on tomato plants is

very beneficial overall and has great societal impact.  Tomatoes are a plant that come with a

multitude of variations, and their genetic makeup can be especially manipulated and transformed.

These easily grown plants can further represent more complex plants, and can show and predict

common changes, impacts, etc., due to runoff water.  The overall effects of substances found in

runoff water on common plants can help us know whether it is dangerous or not, and what we

can do to stop it if it is.  Further, we will also be able to tell how nutritional and health aspects

are positively or negatively impacted.  Throughout our study of waste found in runoff water

sources, the impact on the tomato plant will greatly determine many beneficial or

disadvantageous factors.

Materials List

● Four one month old curly kale plants (Control Variable- measuring curly kale plant Co2

intake)

● Miracle Gro: All Purpose Plant Food (Independent Variable- measure amount)



● Auto Zone: Extended Life Antifreeze and Coolant (Independent Variable- measure

amount)

● Hot Shot: Hot Shot: Insecticide  (Independent Variable- measure amount)

● 4 11 13/16” x 11 13/16” x 10 5/16” plastic containers with lid (To keep the curly kale

plant isolated to measure exact Co2 level)

● (At least) Two Carbon Dioxide Meters (The device needed to measure Co2)

● 4 ¾” x 1” tubing

● Two rolls of Duct Tape

Procedure

1. The materials were gathered: four, one month old curly kale plants, one container of Miracle

Gro: All Purpose Plant Food , one container of Auto Zone: Extended Life Antifreeze and

Coolant, one can of Hot Shot: Insecticide, four plastic bins, two carbon dioxide meters, a

sufficient amount of tap water, four tubes, one box of medical gloves, and two pairs of chemistry

goggles.

2. One plastic 11 13/16''x11 13/16''x10 5/16’’ container, which acted as a terrarium, was taken

and a 1” hole was then drilled by a parent into the lid of the container.

3. 3/4”x 1” tubing was placed into the hole and firmly secured to the lid with duct tape.

4. The tubing was then sealed with duct tape until instructed to be removed to measure CO2

intake.

5. Each container was labeled with the name of their designated substance (ex: water)



6. Each curly kale plant was repotted and let sit for one day before moving to their enclosure.

7. Each curly kale plant was placed into their designated enclosure (one for each substance) and

the environment was checked and sealed with duct tape before continuing.

8. Steps 2-7 were then repeated for all 4 curly kale plants.

9. Before any of the plants were exposed, the CDC handwashing protocol was strictly adhered to.

First, hands were placed under warm, running water. Second, soap was applied and lathered for

at least 20 seconds. Third, hands were rinsed thoroughly under warm, running water. Finally,

hands were completely dried with a clean towel.

10. After 10 minutes of being sealed, the tape was removed from the tubing, and the CO2 of the

four environments were measured using Carbon Dioxide Meter, before being doused with any

substances. The Carbon Dioxide Meter was placed in the opening of the tube and left there for 4

minutes before recording the final number (ppm) and removing it.

11. All tube openings were tightly resealed and left untouched for 10 minutes.

12. For the first group (control group) 75mL of water was poured into a beaker. The tape was

taken off the opening of the tube and the curly kale plant was watered by tap water through the

tube. The plant was not doused with any substances other than water over the entire period.

13. The Carbon Dioxide Meter was placed in the opening of the tube after watering and left there

for 4 minutes before recording the final number (ppm) in a lab notebook and removing the meter.

14. Step 9 was repeated.



15. For the second group, 12mL of liquid Miracle Gro: All Purpose Plant Food was mixed in

63mL of tap water for approximately one minute. The tape was taken off the opening of the tube

and the curly kale plant was doused by the solution through the tube. This plant was not doused

with any substances other than the Miracle Gro: All Purpose Plant Food  solution.

16. Step 13 was repeated.

17. Step 9 was repeated

18. For the third group, 12mL of AutoZone: Extended Life Antifreeze and Coolant was mixed in

63mL of tap water for approximately one minute. The tape was taken off the opening of the tube

and the curly kale plant was doused by the solution through the tube. This plant was not doused

with any substances other than the AutoZone: Extended Life Antifreeze and Coolant solution.

19. Step 13 was repeated

20. Step 9 was repeated

21. For the fourth group, 12mL of the Hot Shot: Insecticide substance was mixed in 63mL of tap

water for approximately one minute. The tape was taken off the opening of the tube and the curly

kale plant was doused by the solution through the tube. This plant was not doused with any

substances other than the Hot Shot: Insecticide solution.

22. Step 13 was repeated

23. Step 9 was repeated

24. Data was then recorded accordingly on the next day of the CO2 intake of each environment

to contrast with the previous day's recording.



25. Steps 8-24 were repeated once every other day for 3 weeks.

26. These data measurements were kept in a notebook which kept a strict record of every date

recording that was made. The measurement data was also kept in data tables that started as blank,

and gradually filled up throughout this period of data collection.

27. A graph made in Excel was then created to visualize the data. The x axis represented the type

of substance used to douse the curly kale plants and the y axis represented the number of the

recorded CO2 intake. The differing bars represented the number of days the experiment had

lasted so far.

Risk and Safety:

We will need goggles and medical gloves while dousing the curly kale plants with our urban

runoff substances. The risk is getting household chemicals into our eyes or contaminating our

hands. We will also need to follow a handwashing protocol recommended by the CDC.

Data Analysis



Graph 1: 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.  

Graph 2: 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.  



Graph 3: The CO2 concentration in ppm (Y-axis) throughout the two weeks (X-axis).



Graph 4: 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%.

Discussion and Conclusion

According to research, the higher CO2 intake, the healthier the plant is because it

increases photosynthesis. But, the higher CO2 concentration in the plant's environment, the less

healthy the plant is. This is determined because the enclosures were sealed shut so the CO2

inside of each of the environments was the amount of CO2 not being taken in by the plant. 

Differences are significant because the smaller or larger the difference shows how healthy the

plants were to begin with and how much the dowsing affected them from start to finish.

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.

From our data, we can also conclude that even though Miracle Gro: All Purpose Plant

Food and Auto Zone: Extended Life Antifreeze and Coolant both had a difference of 89.6 ppm,

Miracle Gro: All Purpose Plant Food had the bigger percent decrease of 13.66% whereas Auto

Zone: Extended Life Antifreeze and Coolant had a percent decrease of 13.21%. The plant doused

with Hot Shot: Insecticide had a lower percent difference at 6.51% which was unexpected

because the other two plants doused with chemicals did not do as well. We think this was

because of a mistake in our experimental process; the other two chemicals were liquid whereas

the Hot Shot: Insecticide was a spray. Therefore, we did not create a solution with enough

insecticide to accurately judge how it affected the CO2 intake of the kale plant.

So, in conclusion, when watering plants with a 63 mL:12 mL ratio, 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. 

Application for Future Research



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 in 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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