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Abstract 

Water quality is important throughout all watersheds, especially the Chesapeake Bay Watershed. 

Soil and its contents have a direct effect on water quality. This project investigates the question 

how does the nitrate content in the school campus soil, pond, and stream relate?  The hypothesis 

states that due to the frequent algae in the pond and the fact that the school is surrounded by 

farms on three sides, the nitrate levels in the soil above the pond and in the stream adjacent to the 

pond will be high. Soil was collected in the fall and winter. Water was collected from the Pond 

and Stream once each week. In the fall, fish were caught for one hour to determine the fish 

population. The hypothesis was partially supported by the data. The results showed that the 

nitrate levels in the pond ranged from 1.8-8.0 mg/L, which is much higher than the 

recommended level of less than 1 mg/L. The nitrate level at the school soil site showed depleted 

in the fall and deficient in the winter. Nine bluegill fish were caught. The revised hypothesis 

states that the stream and pond will have above normal nitrate values due to the farm fields 

surrounding the school. The soil that is still in the natural state near the farms will most likely 

have high nitrate values as well. Problems included lack of test solution, o-rings not forming a 

solid seal, and difficulty getting dirt due to dry soil. It will be important to find the true source of 

the nitrates in order to try to decrease the current nitrate levels.  
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Nitrate Relationship between Soil, Pond, and Stream 

Research Question 

This project investigates the question how does the nitrate content in the school campus 

soil, pond, and stream relate?  The hypothesis states that due to the frequent algae in the pond 

and the fact that the school is surrounded by farms on three sides, the nitrate levels in the soil 

above the pond and in the stream adjacent to the pond will be high. The independent variable is 

time. The dependent variables are nitrate levels in the pond, stream, and soil on the school 

campus. The controlled variables were controlled by following the GLOBE protocols and 

collecting stream and pond water at the same time.  

Introduction and Research 

Nitrate gets into waterways from runoff and aquatic animal waste, and can be harmful or 

beneficial. Nitrate is made up of the nitrogen anion which is formed by a loss of a protons from 

nitric acid (U.S. National Library of Medicine, 2019). Nitrate is a nutrient that plants use to 

grow. It is part of the nitrogen cycle, and it is part of the decomposition of fish waste. It also 

enters water through runoff that contains excess fertilizers from farm fields or ranches. Too 

much nitrate in something, including water, can be harmful.  Excess levels of nitrate in water can 

make conditions that will make it tough for fish to live because too much nitrate is like poison to 

them as it is to humans. Too much of it can harm and kill the fish ​(Gallant, 2019). ​No one can 

taste, smell or see nitrate in any water. Consuming too much nitrate in any water can be very 

harmful, to fish and humans alike. Nitrate in any sort of water can affect how blood holds 

oxygen and can cause a disease called Methemoglobinemia/Blue Baby Syndrome (Minnesota 

Department of Health, 2019).  



The recommended range of nitrates is less than 1 mg/L. If levels would exceed that, 

however, it is likely that an algal bloom will occur. When an algal bloom occurs, the plants 

reproduce quickly because there are lots of nitrates to help them. This large amount of plants on 

the surface of the water keep the plants at the bottom of the pond from receiving sunlight. Those 

plants die. Once the nitrate is quickly used up, the algae are no longer able to access that nutrient 

and many of them die. When the plants die, they sink to the bottom and are no longer able to 

produce dissolved oxygen. Then the decomposers use up the oxygen as well while they 

decompose the extra dead plant matter. This reduces the available dissolved oxygen for the fish 

(Leaverton, 2109).  

“Nitrate is a compound that is formed naturally when nitrogen combines with oxygen or 

ozone (​Centers for Disease Control and Prevention, 2015​).” Algae and other plants under water 

use nitrates as a nutrient. If there is a lot of algae in a water body, there will be problems other 

than not enough nitrates. This could also lead to a problem with the dissolved oxygen in that 

body of water (Gallant, 2019).  

When there is a normal amount of nitrates (1mg/L or less) in the water, it will not affect 

the aquatic insects and fish. When there are too many, more than 1 mg/L, it will be harder for 

insects and fish to survive because too much nitrate can cause dissolved oxygen to decrease in 

water because plants and algae will soak up the nitrates and cause overgrowth. Overgrowth of 

algae can cause low transparency and plants lower in the water column will not be able to thrive. 

While plants and algae die, bacteria grow and use up all of the dissolved oxygen in the water as 

they consume the dead plants (TAMU, 2020). ”Natural levels of nitrates are usually less than 1 

mg/L (Behar, 1997).” Estuaries and coastal waters are suffering from oxygen depletion because 



of high levels of nitrates and phosphates creating algal blooms in many bodies of water 

(Thurston, p. 32). This is a huge problem in the Chesapeake Bay and results in dead zones each 

summer. 

If there is an excess amount of nitrate in a stream, it could be due to the stream flowing 

through areas of farmland or golf courses. Some runoff containing fertilizer may have entered 

the stream. Past water quality tests show that fertilizer can add nitrates to a body of water that is 

similar to the stream on the St. Francis campus (Ward et al., 2018).  

A study by Johns Hopkins University showed that 75% of ingredients washed from 

homes survive wastewater treatment. These chemicals impact the ecosystem, including humans 

(Prud’Homme, p. 350-351). Many aquatic species have been damaged by agricultural runoff, 

dams, mines, and other human interferences. “Ineffective federal laws, combined with an 

inability of state governments to work collectively against water pollution, have allowed rich 

fisheries and commercially important waterways such as the Chesapeake Bay or the Mississippi 

River, to become severely impaired (Prud’Homme, p. 350).” 

Even though it seems that not many people are making an effort to prevent things like 

poor water quality, people fed up with pollution-plagued rivers have worked together to write, 

pass, and enact the Clean Water Act. Thirty years ago, citizens also joined environmentalists to 

end mega-dams (Barnett, p. 9). Citizens in Napa, California wanted to help improve water 

quality in waters near them so much so that policy makers and scientists were able to let 

volunteers measure water quality, flow, velocity, and rainfall (Barnett, p. 223). “States that share 

water resources and disagree about how to divvy them up generally solve their disputes in one of 

three ways: states can come up with their own water-sharing agreement and enter into a compact. 



Congress, with its authority over interstate commerce, can approve a division of water. Or states 

can put their fate in the hands of the U.S. Supreme Court, which has original jurisdiction in such 

disputes (Barnett, p. 76).” These examples show just what can happen when people work 

together to fix a problem like water pollution, however measurement and tracking data is very 

important in really understanding the problem.  

“The Safe Drinking Water Act directs the U.S. Environmental Protection Agency (EPA) 

to establish national drinking-water standards for chemical and biological contaminants in public 

water supplies.” The standards are to be set at concentrations at which no adverse effects on 

human health occur or are expected to occur from lifetime consumption (National Academies, p. 

1). The Division of Water Quality (DWQ) has many programs to protect clean water and public 

health. The water quality standards are to check whether or not PA’s rivers and lakes are clean 

and healthy enough to support fish and other aquatic animals (DEP, 2020). If humans work 

together to protect and monitor the health of waterways, they will also be helping make it safe 

for the aquatic life living there. Monitoring the health of local waterways is an important part to 

improving and protecting bodies of water. 

Soils are one of earth’s most essential natural resources. The majority of people do not 

realize that the soil is a living world supporting pretty much all of terrestrial life. Some 

professions like scientists, farmers, engineers, developers, and other professionals use soil to 

answer questions. Soils develop on top of Earth’s surface which is called the pedospere. 

According to GLOBE, the pedosphere affects every part of the ecosystem so much that it is 

called the “great integrator” (“Soil Introduction,” 2019). 



Soils are important in the amount and types of gases released into the atmosphere. They 

also store and transfer heat. By studying this, students and scientists learn how to interpret a 

site’s climate, geology, hydrology, and human history (“Soil Introduction,” 2019). 

Soils are made up of five main parts which are mineral particles, organic materials from 

dead plants and animals, water which fills open space, air that fills pores, and time. Soil is also 

formed by fossils and microorganisms. There are 70,000 different types of soil in the U.S. 

Healthy soil takes hundreds of years. Each area of soil has unique characteristics. A vertical 

section of soil is called a soil profile. The chapters of soil are read in layers and the layers are 

read by looking at the soil’s horizon (Quickcrop, 2008). 

There are way more microorganisms in a fist full of soil than there are people in the 

world. Soil is a living system because it is ​a media in which plants and animals live and grow​. It 

provides habitat, water, and recycles raw materials (“Soil Solutions,” 2019). Also, when there are 

more fungi in soil, then it will hold more carbon which is the basis of soil fertility (ESF, 2019).  

Soils have a giant impact on water quality. Prairies are the most common type of soil in 

the U.S. Testing mineral amounts is important because minerals help in many ways like ​helping 

plants absorb water, adjusting soil pH, and providing nutrients to plants (​The Ultimate Guide to 

Soil, 2019).  When plants and animals decay and break down in the soil, it creates nitrates. These 

nitrates are important for plant growth, but can become a problem if there is too much nitrate in 

an area, especially if there is water nearby. People have begun using man-made fertilizers in 

many areas, throwing off the nitrate balance. Usually, the plants take up the nitrate and use it for 

their proteins, but if there is too much, especially man-made fertilizer containing nitrates, 

the“nitrate can also be converted to nitrogen gas (N2) or ammonia (NH3) and be volatilized 



(evaporated or removed as a gas) out of the soil. Therefore, it is important that farmers and 

gardeners add nitrogen fertilizers when plants need the nutrient the most and can absorb it 

before it is removed from the soil by leaching (GLOBE, 2014).” 

Materials and Methods 

Materials 

● LaMotte nitrate test kit 3354-01-1 

● nitrate protocol field guide-1 

● hydrosphere investigation quality control data sheet-1 

● hydrosphere investigation data sheet-1 

● clock or watch-1 

● latex gloves-2 

● goggles-1 

● distilled water- 1 L every day 

● clean paper towels-5 

● cloud type and cover protocol field guide-1 

● GLOBE cloud chart-1 

● access to the stream 

● 200 mL beaker-1 

● Bottle to hold the distilled water-1 

● Heat Lamp-dried, sieved Soil 

● Pencil or pen 

● Small funnel 



● Thermometer 

● Balance accurate to within 0.1 g 

● Squirt bottle 

● Heat lamp  

● Oven mitts or tongs 

● Meter stick 

● 3 370 mL tin cans 

● Stir Sticks 

● Plastic bags and containers to sort soil 

● 2 mm Sieve 

● LaMotte NPK Soil Test Kit 

● 1 teaspoon 

● Hydrion pH Brilliant Dip Sticks 

● 250 mL Beaker 

Methods 

1. Use GLOBE procedure for Nitrates. 

a.  Fill out the top portion of the Hydrosphere Investigation Data Sheet. In the 

Nitrate section fill in the kit manufacturer and model.  

b. Put on gloves and goggles. 

c. Follow the instructions in kit to measure the nitrate nitrogen.  

i. Insert Nitrate-Nitrogen Octa-Slide 2 Bar into the Octa-Slide 2 viewer. 

ii. Fill a test tube to the 5 mL line with sample water. 



iii. Add one Nitrate #1 Tablet. 

iv. Cap and mix until tablet disintegrates. 

v. Add one Nitrate #2 CTA Tablet. Immediately slide the test tube into the 

Protective Sleeve. 

vi. Cap and mix for two minutes to disintegrate the tablet. 

vii. Wait 5 minutes. Remove the tube from the protective sleeve.  

viii. Insert test tube into Octa-Slide 2 Viewer. 

ix. Match sample color to a color standard. To convert to Nitrate, multiply 

results by 4.4. Record as mg/L Nitrate Nitrogen.  

x. Match the color of the treated sample water with a color in the test kit. 

Record the value as mg/L nitrate-nitrogen for the matching color.  

d. Calculate the average of the five measurements within 1.0 mg/L of the average, if 

using the high range test). If they are, record the average on the Data Sheet. If 

they are not, read the color measurements again (Note: do not read again if it has 

been more than 5 minutes). Calculate a new average. If the measurements are still 

not within range, discuss possible problems with teacher. 

e. Record all five nitrate-nitrogen values on the Data Sheet and in logbook. 

2. Clean all of the instruments that need to be cleaned, using distilled water and Kimwipes. 

3. Put away the nitrate testing materials.  

Fish Catch 

1. Cast hook and line into pond. Reel in when feel tug. 

2. Carefully remove fish from hook. 



3. Measure length of fish and look it over for signs of health.  

4. Record size and species in logbook. 

5. Release safely back into the water.  

6. Repeat steps 1-5 until the hour is finished. 

GLOBE Soil Moisture Protocols 

1. Place distilled water in squirt bottle. 

2. At the top of the Data Sheet, note the length of time since the soil was dried in an oven, 

and how the soil has been stored (e.g. in plastic bag). 

3. Measure the mass of the empty flask without its cap. Record the mass on the Soil Particle 

Density Data Sheet. 

4. Measure 25 g of dried, sieved soil. Place soil in the flask using the funnel. Since it is 

important to have all 25 g of soil in the flask, be careful to transfer all the soil into the 

flask and not to spill any soil outside the flask (Note: if soil is spilled outside the flask, 

repeat this step with another 25 g sample). 

5. Measure the mass of the flask containing the soil (without the stopper/cap). Record the 

mass on the Soil Particle Density Data Sheet. 

Procedures for LaMotte NPK Soil Test Kit 

Extraction ​1. Fill the round extraction tube to the 30 mL line with distilled water. 

2. Add two Floc-Ex Tablets. Cap the tube and mix until the tablets have disintegrated. 

3. Remove the cap. Add one heaping teaspoon of soil. 

4. Cap the tube and shake for one minute. 

5. Let the tube stand until the soil settles out. The clear solution above the soil will be used 



for the Nitrate, Phosphorus, and Potassium tests. 

Nitrogen​ 1. Use the pipet to transfer the clear solution above the soil to a square test tube  

until it is filled to the shoulder. 

2. Add one Nitrate WR CTA Tablet immediately slide the tube into the Protective Sleeve. 

3. Cap and mix by inverting for 2 minutes to disintegrate the tablet. Bits of material may 

remain in the sample. 

4. Wait 5 minutes for the color to develop. Remove the tube from the Protective Sleeve. 

Compare the pink color of the solution to the Nitrogen Color Chart. 

Image 1 

Location of Pond Testing Site 

 

Note.​ This picture shows the location of the pond testing site. It is surrounded by mowed grass, 

unmowed meadow, and trees. There is a housing development on the other side of the road. The 

school campus and parking lot are uphill from the testing site. The coordinates are Latitude 

39.85685, Longitude -77.22606, with an elevation of 147.6m. 

Image 2 



Picture of the Unnamed SFX Stream 

 

Note.​ This location was chosen because it is near the pond, after an intersection, and before the 

unnamed stream enters Rock Creek, and it is close to SFX where all of the tests are taken and 

recorded. GPS Coordinates are: 39.85653, -77.22632, with an elevation of 147.4m. 

Image 3 

School Soil Testing Site 

 



Note.​ This is the location of the school soil test collection site. The main school yard is raised up 

by fill, mostly clay soil. There is short grass growing, while an unmowed meadow is down the 

slope from the testing site. There are farmlands on three sides, with a forested stream at the back 

of the property. There is a housing development across the street. The GPS coordinates are 

Latitude 39.85844, Longitude -77.22538, with an elevation of 149m. 

Image 4 

View of all Testing Sites 

 

Note​. This shows the location of all testing sites on the school campus. 

Image 5 

Screenshot of Pond Nitrate Date Entered into GLOBE 



 

Note. ​This shows much of the nitrate pond data entered into the GLOBE website. 

Image 6 

Screenshot of Stream Nitrate Date Entered into GLOBE 

 

Note. ​This shows much of the nitrate stream data entered into the GLOBE website. 

Image 7 

Screenshot of Soil Nitrate Date Entered into GLOBE 



 

Note. ​This shows much of the nitrate pond data entered into the GLOBE website. 

Results 

Table 1 

Table of Data Averages 

Date Average Stream Nitrate (mg/L) Average Pond Nitrate (mg/L) 

9/23/19 0 1.8 

9/30/19 2.64 6.2 

10/7/19 4.4 2.6 

10/15/19 4.4 3.5 

10/21/19 4.4 1.8 

2/3/20 8.8 3.52 

2/18/20 4.4 1.76 

2/24/20 8.8 3.52 

 
Note.​ This table shows the average nitrate levels in the pond and stream. 



Graph 1 

Average Nitrate Levels in Pond and Stream 

 

Note.​ This shows that all nitrate levels were above the accepted range. The stream levels were 

generally higher than the pond. 

Table 2 

Number of Fish Caught in Fall 

Fish Type Fish Number Fish Size (cm) Time Caught 

Blue Gill One 17.18 3:14 PM 

Blue Gill Two 19.05 3:24 PM 

Blue Gill Three N/A 3:39 PM 

Blue Gill Four 17.78 3:41 PM 

Blue Gill Five N/A 3:43 PM 



Blue Gill Six 16.51 3:49 PM 

Blue Gill Seven 16.51 3:57 PM 

Blue Gill Eight 16.51 3:59 PM 

Blue Gill Nine 19.05 3:59 PM 
Note​: This table shows the type, size, and amount of fish caught in the pond. Testing was not 

able to be performed during the winter due to weather and scheduling. Fishing will be attempted 

again in the spring. 

Table 3 

Average Nitrate Content in Soil 

 Fall Ave Nitrate 
Winter Ave 
Nitrate 

Fall and 
Winter Ave 
Nitrate 4= Surplus 

Home 2 4 3 3= Sufficient 

School 0 1 0.5 2= Adequate 

MFP 0 1 0.5 1= Deficient 

Beach 0 1 0.5 0= Depleted 

Note​. This table shows the average nitrate for the school in fall and winter. 

Graph 2 

Average Nitrate Content in Soil 



 

Note​. This shows that there was no nitrate present in the soil in the fall. The winter showed a 

deficient level of nitrates in the soil.  

Discussion 

During the nitrate testing, the readings were all very low, with levels of 0.0 and 4.4 mg/L. 

During the second week of testing, it was realized that the final step was missed for the nitrate kit 

being used and that the level needed to be multiplied by 4.4 to get the actual nitrate level value. 

All values were then multiplied by 4.4, so the highest reading for nitrate was 8.8 mg/L. The 

averages of these tests ranged from 1.8 to 6.2 mg/L, all above the recommended less than 1.0 

mg/L natural level of nitrate. However, just looking at the pond, the water was very brown or 

green most of the time and had a lot of algae in it. Nine fish were caught in the SFX pond. They 

were all Bluegills. All nine of the fish were in good health and size.  



Nitrates in the stream started out very low at 0 mg/L, but by the second and third week it 

had gone up to 4.4 mg/L. The average of the data collected was determined. The nitrate levels 

were well over the recommended level of 1 mg/L or lower. The highest average for nitrates was 

7.92 mg/L which is definitely higher than the ideal level.  

Some outliers did appear. One other outlier that appeared was that the nitrate tests in the 

seventh week went from very high to very low and then back up again.  

The testing in the fall showed no nitrate in the soil. The testing in the winter showed that 

the soil was deficient in nitrate. The average nitrate content in the soil was deficient. 

Conclusion 

 The nitrate levels of the pond ranged from 1.8-8.0 mg/L, which is much higher than the 

recommended level of less than 1 mg/L. Nine bluegill fish, ranging in size from 16-19cm, were 

caught and released within one hour. This seems to indicate a healthy fish population, but algae 

is often present and the water is consistently murky. The nitrate testing is one of the most 

important tests because the results are very crucial to the health of the lake, and therefore also the 

health of the fish. Water needs nitrate in it, but too much of it can harm and kill life in that body 

of water.  

The nitrate of the stream was very low for the first two weeks, but about halfway through 

the second week, the nitrate test levels went up. The tests did not meet the recommended levels, 

going way above 1 mg/L. One other outlier that appeared was that the nitrate tests in the seventh 

week went from very high to very low and then back up again. It is unclear exactly why this 

happened, but something might have gone wrong while testing was in progress, possibly with the 



tablet dissolved to measure the nitrate content. The nitrate levels were too high to be in healthy 

ranges, which is a concern. 

This project investigates the relationship of nitrate levels in the campus pond, stream, and 

soil. The hypothesis stated that due to the frequent algae in the pond and the fact that the school 

is surrounded by farms on three sides, the nitrate levels in the soil above the pond and in the 

stream adjacent to the pond will be high.There was much less nitrate in the soil above the pond 

than expected. The data did not support the hypothesis. 

The deficient value indicates that this may not be where the nitrate is coming from in the 

pond and stream. The soil may have had a deficient reading because the soil close to the school 

is construction fill which is packed solid. The nutrients may likely runoff.  

The revised hypothesis states that the stream and pond will have above normal nitrate 

values due to the farm fields surrounding the school. The soil that is still in the natural state near 

the farms will most likely have high nitrate values as well. 

This may be investigated in the future, along with other water quality parameters. The 

fish population was healthy in the pond, but it is also important that the pond and stream do not 

contribute additional nitrates to the Chesapeake Bay. It will be important to find the true source 

of the nitrates in order to try to decrease the current nitrate levels.  

During the course of the project, problems and struggles occured like not catching any 

fish in the first half hour of fishing for the project, and sharing one testing kit with at least three 

other students for each test. Weather at times also prevented the collection of a water sample or 

the ability to fish safely. A new soil testing kit was purchased for the fall testing due to difficulty 

with the filters in the original test kit. It was also difficult to collect the soil in the fall because it 



was so dry and hard packed. The new kit was tested with the old to make sure the results 

matched properly. 

Badge Selection 

“I’m A Collaborator”​ This badge was chosen because this is a group project and each team 

member assisted in the project and is an important part to the making of this project possible. We 

also spoke with Mr. Hallinan from the Adams County Conservation District, Mrs. Bird from 

Advancing Science and Gettysburg College, and Mr. Rupp for Gettysburg High School to help 

us plan our project and understand our data. 

“I Make An Impact”​ This badge was chosen because our project makes an impact on our town 

in multiple different ways. It has three different types of nitrate data in it that are all being 

compared together. This could provide data that could be used to solve nitrate problems in 

Gettysburg and the Chesapeake Bay.  

“I Am a Data Scientist” ​This badge was chosen because we all collected and graphed a 

sufficient amount of data. It was also chosen because we all did many tests on the water and soil 

we collected. 
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