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Abstract 

This experiment is designed to see if the water from Marsh Creek and Rock Creek (by 

testing at an unnamed tributary), is somehow polluting the Monocacy River. Marsh Creek and 

Rock Creek are the main contributors to the Monocacy River. The question, “How does the DO, 

temperature, transparency, pH, salt, and nitrates levels upstream affect the levels downstream?”, 

was asked, with The hypothesis stating that if the levels of dissolved oxygen, temperature, 

transparency, pH, salt, and nitrates at the upstream creeks are different levels than that of the 

downstream levels, then it will show that the two creeks contribute negatively to the southern 

river. This is because the creeks and streams are heavily shade, buffered by forests, roads and 

agricultural sources. The roads cross over or beside the creeks and rivers cause salt and pollution 

on the roads to flow into the rivers. The agricultural sources cause nutrient enrichment, like 

nitrates and phosphates, to flow into the rivers. There would be an indication of a source of 

pollution/sediment, flowing into the Monocacy River from Marsh Creek or Rock Creek (through 

unnamed tributary), by having similar results at the locations. CHEMets​Ⓡ​ Kits, Water Quality 

meters, a transparency tube, and other safety equipment were used during the experiments. The 

procedures were created by following GLOBE and the kits/instrument instructions. The data 

seemed to support the hypothesis, on a broader scale. The conclusion stated that Marsh Creek 

and Rock Creek do have an impact on the Monocacy River, but both a positive (ex. Dissolved 

Oxygen, Salt) and negative (Nitrates, Salt) impact. Since the Monocacy River is a contributor to 

the Chesapeake Bay and the Bay is struggling to become more healthy, restoration efforts are 

being implemented to improve the quality of the Chesapeake Bay and everywhere. 
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Upstream-Downstream Effect. 

The Upstream Effect 

Research Question and Hypothesis 

This experiment is designed to see if the water from Marsh Creek and Rock Creek 

(through unnamed tributary), is somehow polluting the Monocacy River, with sediment, or other 

pollutants. Marsh Creek and Rock Creek are the main contributors to the Monocacy River, and 

make up the majority of it. This experiment asks the question, “How does the DO, temperature, 

transparency, pH, salt, and nitrates levels upstream affect the levels downstream?” The 

independent variable for the experiment is the location of the testing sites (Unnamed Rock Creek 

Tributary, Marsh Creek, and the Monocacy River). The dependent variables are levels of 

dissolved oxygen (mg/L), temperature (C), transparency(cm), pH, salt (ppt), and nitrates (ppm). 

The controlled variables are the amount of time, the amount of testing water, amount of trials (3), 

the same spot of collection, the protocols followed, and the materials used. The hypothesis states 

that if the levels of dissolved oxygen, temperature, transparency, pH, salt, and nitrates at the 

upstream creeks are different levels than that of the downstream levels, then it will show that the 

two creeks contribute negatively to the southern river. This is because the creeks and streams are 

heavily shade, buffered by forests, roads and agricultural sources. The roads cross over or beside 

the creeks and rivers cause salt and pollution active on the roads to flow into the rivers. The 

agricultural sources cause nutrient enrichment, like nitrates and phosphates, to flow into the 

rivers. There would be an indication of a source of pollution/sediment, flowing into the 
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Monocacy River from Marsh Creek or Rock Creek (through unnamed tributary), by having 

similar results at the locations. 

Introduction 

Water is a molecule called H​2​O that contains two atoms of hydrogen and 1 atom of 

oxygen. Water is generally a liquid that takes the form of the shape of a container. It can be a 

solid or a gas as well. When water is in liquid form, it is possible to mix substances, in which 

some substances dissolve. Water is a transparent, odorless liquid that can be found in lakes, 

rivers, and oceans. It falls from the sky as rain, snow, or ice. Fresh water is the result of the 

earth’s water in the hydrologic cycle.  

Water is important to human life and other organisms. The quality of water can have an 

effect on those humans and organisms (Lawrence, 2013). Water quality is a measure of the 

physical, chemical, biological, and microbiological characteristics of water. Why monitor water 

quality? Monitoring provides objective evidence necessary to make sound decisions on 

managing water quality. Results from a 27,000 groundwater investigation stated that more than 

half of the groundwater sites could contain corrosive water, as may occur in homes dependent on 

untreated water from private wells, because of low pH. Monitoring water quality in the 21st 

century is a growing challenge because of the large number of chemicals in everyday lives and 

that they can make it into the water (Meyer, 2018).  

Natural water quality varies from place to place. Seasons, climate, and different types of 

soils and rocks through which the water moves, are all factors into why it varies. When water 

from rain or snow moves over the land, and goes into the ground, the water dissolves minerals in 

rocks and soils, filters through organic material such as roots and leaves, and reacts with algae, 
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bacteria, and other microscopic organisms. Water carries debris, sand, silt, and clay to rivers and 

streams, making the water look muddy and adding sediment to the water body. Each of these 

natural processes change the water quality and potentially the water use. To determine water 

quality, scientists first measure and analyze the characteristics of the water such as temperature, 

dissolved mineral content, and the number of bacteria. All characteristics are tested by state 

guidelines to determine the use (Cordy, 2014). 

Most common substances in water are common constituents, plant nutrients, and trace 

elements. Common constituents are not considered harmful to human health, but they can affect 

the taste, smell, or clarity of the water. Common constituents include calcium, sodium, 

bicarbonate, and chloride. Plant nutrients and trace elements in water are harmful to human 

health and aquatic life if they exceed standards or guidelines. Trace elements include selenium, 

chromium, and arsenic. Plant nutrients include nitrates and phosphorus. Nitrogen and phosphorus 

fertilizers that are applied to crops and lawns, can be easily dissolved in rainwater, but excess 

nutrients can be carried in streams and lakes causing an abundant growth of algae, which leads to 

less oxygen and dead organisms after the algae uses up all the excess nutrients. Adequate oxygen 

levels in water are a necessity for fish and other aquatic life. Urban and industrial development, 

farming, mining, combustion of fossil fuels, stream channeled alterations, animal feeding 

operations, and other human activities can change the quality of natural waters. There are so 

many chemicals used today that determining  the risk to human health and aquatic life is a very 

complex task (Cordy, 2014). 

The quality of water cannot be assured by chemical analysis alone. Disease-causing 

pathogens can enter the water from leaking septic tanks or out-of-date city-wide sewer systems 
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(Cordy, 2014). Efforts to improve water quality focus largely or reducing the amount of 

nutrients, sediments, and chemicals (CBF, 2019).  

Chemical analysis, such as dissolved oxygen, salinity, pH, nitrates, and physical analysis, 

such as temperature and transparency are good ways to see the quality of testing sites. These are 

some of the most common tests for water quality. Dissolved oxygen is the amount of oxygen in 

the water. Salinity and pH affect the bio-community. Certain animals can not live in water that is 

too salty, or not enough, or water that is too acidic or alkaline. Nitrates can affect the health of a 

stream, causing algae blooms, but also provide a food source for animals. The temperature also 

affects the amount of biodiversity present in a stream or creek. The transparency helps to test 

how much sediment and other visible pollutants are present in the water.  

Dissolved oxygen (DO) is the test of the amount of molecular oxygen (O​2​) dissolved in 

water. It does not measure the amount of oxygen in the water molecule (H​2​O). There is much 

more oxygen available in the atmosphere for animal respiration than in water. Cold water can 

dissolve more oxygen than warm water. For example, at 25 ̊C, dissolved oxygen solubility is 8.3 

mg/L, whereas at 4 ̊C the solubility is 13.1 mg/L. Dissolved oxygen can be added to water by 

plants,  during photosynthesis, through diffusion from the atmosphere, or by aeration. Aeration 

occurs when water is mixed with air, such as  in waves, riffles, and waterfalls. Extra dissolved 

oxygen would then eventually be released back into the air or be removed through respiration of 

aquatic animals. DO changes due to seasonal differences in temperature, seasonal changes in the 

flow of the stream, changes in transparency, or changes in productivity (amount of growth of 

plants and animals in the water) will cause changes in dissolved oxygen levels. Saturated DO 

refers to the maximum oxygen that water can hold at a particular temperature, pressure and 
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salinity. Oxygen solubility is dependent on temperature. It is therefore important to collect water 

temperature data along with dissolved oxygen data. (“Dissolved Oxygen Protocol,” 2019). The 

amount of oxygen water can hold depends upon temperature (more oxygen can be dissolved in 

colder water), pressure (more oxygen can be dissolved in water at greater pressure), and salinity 

(more oxygen can be dissolved in water of lower salinity) (Blanchfield, 2011). 

Salt comes from eroded rocks and has a big impact on the water quality and biodiversity, 

just like dissolved oxygen. Rainwater carries salt and minerals to the rivers and streams which 

carry them to the ocean (Leslie, 2015). When water warms up, it holds less oxygen. The sun’s 

heat evaporates the water but not the salt. When it is cool, there is plenty of oxygen and a low 

amount of salt. When it is warm, there is less oxygen and more salt (Bredeson, 1999). This is due 

to the fact that when the sun warms the water, the oxygen molecules go up with the evaporated 

water but the salt does not. In water, salt grains fall apart until they are so small that they are 

unseen among the water molecules (Richards, 2008). This is important to the research because if 

the temp is high, the observer can inference what the result of the DO and salt are. Following the 

record-breaking snowfall in 2014, many states remedied icy road conditions with greater 

amounts of road salt. According to a report, done by the USGS National Water Quality 

Assessment Program, since salt was introduced as a deicing agent, the application of salt has 

increased dramatically. While sodium chloride improves roads and road conditions by effectively 

melting ice, these salts are also ending up in streams and rivers. Studies have shown the 

increasing saltiness of freshwater sources, also known as salinization. Water dissolves lots of 

sediment and it also breaks salt rocks. If salt levels rise above their recommended level, the DO 

will drop, causing more algae and less fish (Stroud Center, 2014). Road salt does not just 
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disappear when the snow and ice melts. Researchers in Minnesota found that 70% of the road 

salt stays within the region’s watershed. Road salt washes into the creek, rivers, streams, and 

lakes, and seeps into the groundwater supply (Rastogi, 2010).  

Temperature influences the amount and diversity of aquatic life. Lakes that are cold and 

have little plant life in winter, bloom in spring and summer when water temperatures rise and the 

nutrient-rich bottom waters mix with the upper waters. Because of this mixing and the warmer 

water temperatures, the spring overturn is followed by a period of rapid growth of microscopic 

aquatic plants and animals. Many fish and other aquatic animals also spawn at this time of year 

when the temperatures rise and food is abundant. Shallow lakes are an exception to this cycle, as 

they mix throughout the year. Temperature is an easy measurement to make. It is, however, very 

important because it allows scientists to better understand other measurements in the 

hydrosphere investigation such as dissolved oxygen, pH and conductivity. Water temperature is 

important for understanding local and global weather patterns as well (Water Temperature 

Protocol, 2019) 

How clear is the water? This is an important question for everyone who drinks water. It is 

an even more important question for the plants and animals that live in the water.  Suspended 

particles in water behave similarly to dust in the atmosphere. They reduce the depth to which 

light can penetrate. Sunlight provides the energy for photosynthesis (the process by which plants 

grow by taking up carbon, nitrogen, phosphorus and other nutrients, and releasing oxygen). How 

deeply light penetrates into a water body determines the depth to which aquatic plants can grow. 

Sediments can come from natural and human sources. Land with little vegetative cover (such as 

agricultural land and deforested land) can be major sources of sediments. Water transparency 



 
        10 

 
depends on how many particles are in the water. The more sediment and particles in the water, it 

lessens the ability to see how clear the water is. If water is filled with particles and sediment, and 

the body of water is a source for drinking water, more particles could pass through, hurting 

humans, but also potentially blocking animals abilities to see and find food (Transparency 

Protocol, 2020). 

pH is a measure of how acidic or basic something is. pH is really a measure of the 

relative amount of free hydrogen and hydroxide ions in the water. The pH determines the 

solubility (amount that can be dissolved in the water), and biological availability (amount that 

can be used by aquatic life) of chemical constituents such as nutrients (phosphorus, nitrogen, and 

carbon). pH is a number used to determine the amount of hydrogen ions in a solution (Perlman, 

2018). pH stands for “potential hydrogen.” A pH below 7 is acidic and above 7 is basic. The 

scale is 0 to 14. Pure water is neither so it has a pH of 7. pH is either measured with an electric 

pH meter or special dyes known as acidic-base indicators (World Book INC (P), 353). It is 

important to test the water for pH to make sure that the water is not too acidic or too basic for 

humans and organisms that use it. This is because if humans and organisms drink water that is 

too acidic, that would be like drinking battery acid (which could be fatal). If someone drinks 

water that is too alkaline, that would be like drinking bleach (which could also be fatal). 

Drinking water should be around the pH level of 7-8. Excessively high and low pHs can be 

detrimental to whatever is using that water. High pH can cause a bitter taste, water pipes, and 

water-using appliances become encrusted with deposits and depresses the effectiveness of the 

chlorine, thereby causing the use of more chlorine when pH is higher. Low pH water will 

corrode or dissolve metals and other substances (Perlman, 2018).  
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Image 1: This shows pH scale of 0-14. It gives examples of each number in physical examples. 

(Cole). 

Nitrate is a compound that contains the inorganic nitrate ion. Nitrates naturally exist 

within the environment at relatively low levels (TestAssured, 2016). There are two important 

kinds of nitrates, potassium and ammonium nitrates. Most people get nitrates from vegetables 

(World Book INC (N), 125). This is important because the amount of nitrates in the water 

increases the amount of  sediment and vegetation getting into drinking water sources. Increased 

levels of nitrates can cause serious health issues, especially for pregnant women and children. 

The level of recommended nitrate is 10 ppm. High levels of nitrates can impact hemoglobin 

levels in blood. Hemoglobin transports oxygen from one cell to another cell. Excessive levels 

change Hemoglobin into methemoglobin, which reduces the blood's ability to transfer oxygen 

throughout the body. The human body normally contains 2.5% of methemoglobin, but that rate is 

increased when nitrates are present. Nitrate water contamination is particularly dangerous for 
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pregnant women because pregnancy increases levels of methemoglobin. Babies are also highly 

vulnerable to this type of water contamination because they have exceptionally high pH levels in 

their stomachs. Infants under six months old who drink contaminated water can become 

dangerously ill and, if untreated, may die (TestAssured, 2016). Although nitrates do impose 

threats to humans and to animals, nitrates can also produce a food source for animals. Nitrates 

can produce algae blooms, destroying dissolved oxygen, but also providing a food source for 

many animals. It can also help to block the sun and keep the temperature of bodies of water 

cooler. 

Marsh Creek is a 77 square-mile watershed. It is used for fishing and is a water source for 

drinking water, for the Gettysburg Municipal Authority. It starts near South Mountain and 

Michaux State Forest. Marsh Creek is rated a CWF - Cold Water Fishes (fish maintenance and 

propagation, or both, of fish species including the family Salmonide and additional flora and 

fauna which are indigenous to a cold water habitat) and a MF - Migratory Fish (Passage, 

maintenance and propagation of anadromous and catadromous fish and other fish which moves 

to or from flowing waters to complete their cycle in other waters)(Hallinan, 2018). 

With Marsh Creek, Rock Creek becomes the Monocacy River, which then drains to the 

Potomac River and finally to the Chesapeake Bay. Rock Creek has issues consisting of improper 

herbicide application, old farm and household dump, non-migratory geese population, 

groundwater pumping by Valley Quarry, and more (WAAC, 2019). Rock Creek can be used for 

fishing, but is not used for many other recreational purposes.  

The Monocacy River begins near the Pennsylvania border and flows through Maryland 

into the Potomac River, and eventually into the Chesapeake Bay. The Monocacy is a recreational 
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river, where people can fish, canoe, swim, and a water source, in certain parts of the river. It 

provides a drinking source for many of the Maryland counties. Sycamores, maples, and oaks, 

line the water, shading the waterway seasonally. More than 970 square miles, of agricultural and 

developed lands, also border the river. These land practices have been negatively affecting the 

quality and quantity of the water flowing downstream. In 1974, Maryland designated the 

Monocacy River a state scenic river. By doing this, a management plan was developed to guide 

future restoration and protection efforts. As a result of the highetend awareness, the initiation of 

conservation projects was founded (Chesapeake Bay Gateway Networks, 2019). One reason the 

Monocacy River was designated to be a Maryland scenic river, was to improve its water quality 

(Gilford, 1990).  

Within the Chesapeake Bay itself, blooms of algae have been devastating portions of the 

bay’s ecosystem. However, through years of expensive rehabilitation and conservation, it has 

begun to show improvements, by implementing jurisdiction on the Total Maximum Daily Load 

of sediments and nutrients entering the water (Hogan, 2018). The Chesapeake Bay provides a 

huge economic profit to those who seek it. Destruction of oyster beds, algae blooms, and other 

devastating negative effects on the economic value of the bay. These negative effects also 

destroy the cleanliness of the water, which  is a vital source of food and of drinking water for 

many. The water quality of the Chesapeake Bay is deteriorating, mostly due to pollution being 

brought down from Pennsylvania. The Chesapeake is valuable and needs to be saved. (Moran, 

2020). The community all wants clean water, it is imperative that the primary cause of the 

problem be identified in order for the problem to be solved. It is acknowledged that expanding 

forest buffers along a waterway has been documented to mitigate runoff. (Kaplan, 2018). 
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Materials and Methods 

● Dissolved Oxygen Kit - CHEMets​Ⓡ​ Kits (K-7512) 

○ 1 25mL Sample Cup 

○ 30 CHEMet Self-Filling Ampoules (R-7512) 

○ 1 Comparator of DO levels from 1-12ppm 

● Nitrate Kit - CHEMets​Ⓡ​ Kits (K-6902) 

○ 1 25mL Sample Cup 

○ 1 Sample Cup Top 

○ 30 CHEMets Self-Filling Ampoules (R-6902) 

○ 30 Cadmium Foil Packets (A-6900, R-6902) 

○ 1 Comparator of Nitrate levels from 0-1ppm 

○ 1 Comparator of Nitrate levels from 1-5ppm 

● Salt/Temperature Meter - AZ Water Quality Meter 

○ Conductivity/TDS/Salinity/Temperature Pen Type  

■ Salinity Pen (8372) 

● pH Meter - HANNA Instruments 

○ pH/EC/TDS Waterproof Meter 

■ Combo pH & EC 

● Transparency Tube - GLOBE Instrument Construction Transparency Tube 

○ Transparency Tube 

■ 1 Clear tube (approximately 4.5cm x 120cm) 

■ 1 PVC Cap (to fit snugly over one end of the tube) 
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■ 1 Meter Tape (that measures to about 125cm) 

■ Packing Tape 

■ 1 Permanent, waterproof black marker  

○ 1 7L Pitcher 

● Hydrospheric Investigation Data Sheets 

● Logbook 

● 1 Pair of Safety Glasses 

● 1 Box of Gloves 

● Distilled Water and Dispenser 

● Means of Transportation 

● Pen 

● iPhone and iPad 

Dissolved Oxygen - Procedures​ (as per GLOBE protocols) 

1. Fill in the top of the Hydrosphere Investigation Data Sheet. 

2. Rinse the sample bottle and the observer’s hands with sample water three times. 

3. Fill the sample cup to the 25mL mark with your sample. 

4. Place the CHEMet ampoule in the sample cup.  

5. Snap the tip by pressing the ampoule against the side of the cup. (The ampoule will fill, 

leaving a small bubble to facilitate mixing). 

6. Remove the ampoule from the sample cup. 

7. Mix the contents of the ampoule by inverting it several times, allowing the bubble to 

travel from end to end each time. 
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8. Wipe all liquid from the exterior of the ampoule. 

9. Wait 2-minutes for color development. 

10. Hold the comparator in a nearly horizontal position while standing directly beneath a 

bright source of light.  

11. Place the CHEMets ampoule between the color standards, moving it left to right, along 

the comparator until the best color match is found.  

12. If the color of the CHEMets ampoule is between two color standards, a concentration 

estimate can be made. 

13. Record the dissolved oxygen in the observer's water sample on the Data Sheet as Test 1. 

14. Repeat step 3-13, 2 more times and mark as test 2 and 3. Repeat the measurement using a 

new water sample each time. 

15. Calculate the average of the three measurements. 

16. Each of the five measurements should be within 1 mg/L of the average. If one of the 

measurements is not within 1 mg/L of the average, find the average of the other two 

measurements. If both of these measurements are within 1 mg/L of the new average, 

record this average 

Nitrates - Procedures ​(as per GLOBE protocols) 

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

section fill in the kit manufacturer and model. 

2. Put on gloves and goggles. 

3. Follow the instructions in the kit to measure the nitrate nitrogen. Use the Low Range Test 

(0 – 1 mg/L) unless previous results indicate that the site typically has greater than 1 
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mg/L nitrate nitrogen. If using powdered reagents, use the surgical mask when opening 

these products. Use a clock or watch to measure the time if the kit requires to shake 

sample. 

4. Fill the sample cup to the 15mL mark with the sample. 

5. Empty the contents of one A-6900 (R-6902) Cadmium Foil Packet into the sample cup. 

6. Cap the sample cup. 

7. Shake vigorously for exactly 3-minutes.  

8. Allow the sample to sit undisturbed for 30 seconds. 

9. Take off the cap of the sample cup.  

10. Place the CHEMets ampoule in the sample cup. 

11. Snap the tip by pressing the ampoule against the side of the cup.  

12. The ampoule will fill, leaving a small bubble to facilitate mixing. 

13. Mix the contents of the ampoule by inverting it several times, allowing the bubble to 

travel from end to end each time.  

14. Wipe all liquid from the exterior of the ampoule. 

15. Wait 10 minutes for the color development.  

16. Use the appropriate comparator to determine the level of nitrate-nitrogen (NO​3​-N) in the 

sample. 

17. If the color of the CHEMet ampoule is between two color standards, a concentration 

estimate can be made. 

18. Hold the high range comparator in a nearly horizontal position while standing directly 

beneath a bright source of light.  
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19. Place the CHEMet ampoule between the color standards, moving it left and right, along 

the comparator until the best color match is found.  

20. Repeat steps 4-19, two more times. 

21. Record all three nitrate-nitrogen values on the Data Sheet. 

22. Calculate the average of the three measurements. 

23. Check to see if each of the three measurements is within 0.1 ppm of the average (or 

within 1.0 ppm 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).  

24. Calculate a new average. If the measurements are still not within range, discuss possible 

problems with the teacher. 

Water Temperature - Procedures ​(as per GLOBE protocols) 

1. Make sure that the temperature probe and meter have been calibrated within the last 24 

hours. 

2. Fill out the top portion of the Hydrosphere Investigation Data Sheet. 

3. Put the probe into the sample water to a depth of 10 cm. 

4. Leave the probe in the water for three minutes. 

5. Read the temperature on the meter without removing the probe from the water. 

6. Let the thermometer probe stay in the water sample for one more minute. 

7. Read the temperature again. If the temperature has not changed, go to Step 8. If the 

temperature has changed since the last reading, repeat Step 6 until the temperature stays 

the same. 



 
        19 

 
8. Record the temperature on the Hydrosphere Investigation Data Sheet. 

9. Repeat the measurement with new water samples. 

10. Calculate the average of the three measurements. 

11. All temperatures should be within 1.0˚ C of the average. If they are not, repeat the 

measurement. 

Water Transparency - Procedures ​(as per GLOBE protocols) 

1. Fill in the top portion of the Hydrosphere Investigation Data Sheet. 

2. Record the cloud and contrail types and cover. 

3. Put on gloves. 

4. Collect a surface water sample. 

5. Stand with your back to the sun so that the transparency tube is shaded. 

6. Pour sample water slowly into the tube using the cup. Look straight down into the tube 

with your eye close to the tube opening. Stop adding water when the pattern at the bottom 

of the tube is no longer visible. 

7. Rotate the tube slowly as the observer looks to make sure the pattern cannot be seen. 

8. Record the depth of water in the tube on the Hydrosphere Investigation Data Sheet to the 

nearest cm. Note: If can still see the disk on the bottom of the tube after the tube is filled, 

record the depth as >120 cm. 

9. Pour the water from the tube back into the sample bucket or mix up the remaining 

sample. 

10. Repeat the measurement two more times with different observers using the same sample 

water. 
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pH - Procedures ​(as per GLOBE protocols) 

1. Fill in the top portion of the Hydrosphere Investigation Data Sheet. Check the pH meter 

as the instrument. 

2. Put on the latex gloves. 

3. Remove the cap from the meter that covers the electrode (the glass bulb on the pH 

meter). 

4. Calibrate the pH meter according to the manufacturer’s directions. 

5. Press the power button on the pH meter. 

6. Place the meter in the water. 

7. Read the pH level off the meter. 

8. Record the pH value on the Data Sheet under Observer 1. 

9. Repeat steps 4-6 twice using new water samples. The observer does NOT need to 

calibrate the pH meter again. Record conductivity and pH values on Data Sheet as trial 2 

and 3. 

10. Check to see if each of the three observations are within 0.2 of the average. If all three are 

within 0.2, record the average on the Data Sheet. If all three observations are not within 

0.2, repeat the measurements. 

11. Calculate the average of the three observations and record on the Data Sheet. 

12. Turn off the meter. Put on the cap. 

13. If the observer cannot get all three measurements within 0.2 of one another, talk to the 

teacher about possible problems. 

Salt - Procedures ​(as per GLOBE protocols) 
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1. Fill out the top portion of the Hydrosphere Investigation Data Sheet. 

2. Press the “Set” button to turn on the meter. 

3. Dip the meter into the water. 

4. Wait 1-minute for the meter to finish calibrating. 

5. Record the results down on the Hydrosphere Investigation Data Sheets. 

6. Calculate the average of the three measurements 

7. Each of the three measurements should be within 2 ppt of the average. If one or more 

of the observations is not within 2.0 ppt, do the measurement again and calculate a 

new average. If the measurements are still not within 2.0 ppt of the new average, talk 

to the observer’s teacher about possible problems. 

Directions to Unnamed Rock Creek Tributary 

1. Head northeast on Highland Ave toward King St - (0.64km) 

2. Turn left onto Johns Ave - (75m) 

3. Turn left onto S Washington St - (0.32km) 

4. Turn right onto South St - (0.16km) 

5. Turn left onto Baltimore St - (0.48km) 

6. At the traffic circle, continue straight onto PA-34 N/Carlisle St/Lincoln Square 

7.  Continue to follow PA-34 N - (1.77km) 

8. Slight right onto Table Rock Rd - (1.44km) 

9. Destination will be on the right 

Directions to Marsh Creek (@Sachs Covered Bridge)​ (from Unnamed Rock Creek Tributary 

Site) 
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1. Head south on Table Rock Rd toward Boyds School Rd - (1.44km) 

2. Slight left onto PA-34 S - (1.77km) 

3.  Pass by Subway - (1.6km) 

4. At the traffic circle, continue straight onto Baltimore St/Lincoln Square 

5.  Continue to follow Baltimore St. - (0.8km) 

6. Slight right onto US-15 BUS S/Steinwehr Ave - (3.05km) 

7. Continue to follow US-15 BUS S 

8. Pass by Friendly's - (0.8km) 

9. Turn right onto Millerstown Rd - (1.44km) 

10. Continue onto Pumping Station Rd - (0.32km) 

11. Turn left onto Roberta Way - (0.32km) 

12. Turn right onto Waterworks Rd - (0.48km) 

Directions to Monocacy River​ ​(from Marsh Creek Site) 

1. Head east on Waterworks Rd toward Roberta Way - (0.48km) 

2. Turn left onto Roberta Way - (0.32km) 

3. Turn right onto Pumping Station Rd - (0.32km) 

4. Continue onto Millerstown Rd - (1.44km) 

5. Continue onto Wheatfield Rd - (1.93km) 

6. Turn right onto PA-134 S - (9.65km) 

7.  Entering Maryland 

8. Turn right onto Conover Rd - (0.8km) 
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Map 1: This Google Map shows the collection and testing sites at the Unnamed Rock Creek 

Tributary Testing Site, which is near the St. Francis Xavier Catholic School. This is not Rock 

Creek, however it is an accessible site for collection that is close to Rock Creek. Rock Creek can 

be found southeast of the testing site (about 25m). There are some remnants of the styrofoam 

board that was used to form and expand the bridge near the testing site. 
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Map 2: This Google Map shows the collection and testing sites at the Marsh Creek Testing Site, 

which is near Sachs Covered Bridge, the Gettysburg Municipal Authority’s water treatment 

facility, and the new Gettysburg Nature Alliance Environmental Education barn. This area is 

clean and blooming with wildlife and agriculture. 
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Map 3: This Google Map shows the collection and testing sites at the Monocacy River Testing 

Site, which is near the town of Harney. There is a little inlet for a parking spot to hike downhill 

to the shore of the river. This area is heavily polluted and littered with trash. 
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Map 4: This Google Map shows the locations of each of the testing sites in proximity to each 

other.  

Unnamed Rock Creek Tributary:​ There are some remnants of the styrofoam board that was used 

to form and expand the bridge near the testing site. 

Marsh Creek:​ This area is clean and blooming with wildlife and agriculture. 

Monocacy River:​ This area is heavily polluted and littered with trash. 
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Data 

Unnamed Rock 
Creek Tributary 

Dissolve Oxygen 
(mg/L) Salt (ppt) pH 

Nitrate 
(ppm) 

Temperature 
(C) 

Transparency 
(cm) 

Week 1 
(12/8/19) 7 0.1 7.8 0.3 5.5 96 

Week 2 
(12/22/19) 7 0.1 8.3 0.7 2.3 89 

Week 3 
(12/28/19) 8 0.1 8.3 0.5 4.1 118 

Week 4 
(1/12/20) 10 0.1 8.1 0.2 11.5 63 

Week 5 
(1/19/20) 6 0.2 8.7 0.5 4.2 75 

Week 6 
(1/26/20) 6 0.1 8.1 0.5 7.3 95 

Week 7 
(2/2/20) 8 0.1 8.1 0.3 7.9 120 

Week 8 
(2/9/20) 8 0.1 8.8 0.2 6.6 120 

Table 1: This table shows the averages of each of the water quality tests at the Rock Creek 

testing site, from the eight weeks. The majority of the averages do not fall into the recommended 

levels, as per GLOBE. Most of the averages changed from week to week. 
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Marsh Creek 
Dissolve Oxygen 

(mg/L) Salt (ppt) pH 
Nitrate 
(ppm) 

Temperature 
(C) 

Transparency 
(cm) 

Week 1 
(12/8/19) 9 0 7.5 0 5.4 120 

Week 2 
(12/22/19) 10 0 7.7 0.3 2.2 115 

Week 3 
(12/28/19) 7 0 8.2 0 3.9 120 

Week 4 
(1/12/20) 10 0 7.8 0 11.6 19 

Week 5 
(1/19/20) 9 0 7.7 0.2 1 120 

Week 6 
(1/26/20) 8 0 8.1 0.2 5.3 120 

Week 7 
(2/2/20) 8 0 8.1 0 5.2 120 

Week 8 
(2/9/20) 10 0 7.8 0 5.4 120 

Table 2: This table shows the averages of each of the water quality tests at the Marsh Creek 

testing site, from the eight weeks. The averages mostly fell within the standards, as posted by 

GLOBE. There was a more consistent average between the 8bweeks, from week to week.  
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Monocacy 
River 

Dissolve Oxygen 
(mg/L) Salt (ppt) pH 

Nitrate 
(ppm) 

Temperature 
(​o​C) 

Transparency 
(cm) 

Week 1 
(12/8/19) 8 0.1 7.8 0.5 5.4 120 

Week 2 
(12/22/19) 10 0 8.1 0.2 2.2 87 

Week 3 
(12/28/19) 8 0.1 7.9 0.5 3.7 118 

Week 4 
(1/12/20) 8 0 7.4 1 11.7 12 

Week 5 
(1/19/20) 8 0.1 7.4 0.3 2.5 120 

Week 6 
(1/26/20) 6 0 7.9 0.3 5 57 

Week 7 
(2/2/20) 8 0.1 8 0.2 5.2 120 

Week 8 
(2/9/20) 11 0 7.7 0.5 5.2 89 

Table 3: This table shows the averages of each of the water quality tests at the Monocacy River 

testing site, from the eight weeks. The averages mostly fluctuated between the recommended 

levels, as posted by GLOBE. There was no consistent average from week to week.  
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Graph 1: This graph shows the comparison of dissolved oxygen (mg/L) at the 3 testing sites. It is 

shown that the DO levels fluctuated from week to week. The most consistent  average was from 

the three week testing (four week span), in the Monocacy River. Marsh Creek seemed to have 

stayed in the high road except for “Week 3.” The DO stayed high, which is what is expected to 

see. 
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Graph 2: This graph shows the comparison of salt (ppt) at the 3 testing sites. The Salt stayed 

consistent and generally did not go above the 0.1 ppt line (except for the one week in the 

Unnamed Rock Creek Tributary), which is good. 
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Graph 3: This graph shows the comparison of pH at the 3 testing sites. The pH was very close in 

level proximity between each location, making the graph look like a DNA double-helix, but 

showing the similar levels and how the Unnamed Rock Creek Tributary and Marsh are able to 

show the impact on the Monocacy River. 
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Graph 4: This graph shows the comparison of nitrates (ppm) at the 3 testing sites. The nitrates 

negatively and positively affect the water quality and the biodiversity. It is good that the nitrates 

do not exceed 1 ppm of the nitrates, showing that the streams are not picking up too many 

sediment pollutants. 
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Graph 5: This graph shows the comparison of Temperature (​o​C) at the 3 testing sites. 

Temperature often impacts DO and the salinity of water.  
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Graph 6: This graph shows the comparison of transparency (cm) at the 3 testing sites. The 

transparency shows that there is not a lot of sediment runoff going downstream (except for Week 

4, which had a massive storm go through the area). 
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Graph 7: This shows the overall averages, from the raw data, of dissolved oxygen (mg/L) at each 

location. Standard deviation is a quantity calculated to indicate the extent of deviation for a 

group as a whole. The error bars show the variance of the row. The error bars show a medium 

amount of variance. This does fall within the accepted values, because it falls within the accepted 

values of 7mg/L and 10mg/L, which were the values of the raw data.  
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Graph 8: This shows the overall averages, from the raw data, of salt (ppt) at each location. 

Standard deviation is a quantity calculated to indicate the extent of deviation for a group as a 

whole. The error bars show the variance of the row. The error bars show a lot of variance in the 

data. The Rock Creek average is a little above the recommended levels. The error bar on the 

Monocacy River passes the 0 line, because it uses the zeroes from the raw data.  
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Graph 9: This shows the overall averages, from the raw data, of pH at each location. Standard 

deviation is a quantity calculated to indicate the extent of deviation for a group as a whole. The 

error bars show the variance of the row. The error bars show very little variance of the data. The 

levels of pH were a little higher than that which would have been thought. The recommended 

levels for pH were 6.5 to 8.  
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Graph 10: This shows the overall averages, from the raw data, of nitrates (ppm) at each location. 

Standard deviation is a quantity calculated to indicate the extent of deviation for a group as a 

whole. The error bars show the variance of the row. The error bars show a large variance in the 

data. The nitrates are a little higher than that of what was thought to be shown. The error bars do 

show error bars that go below, and into the negatives, because it uses the raw data, which 

consisted of zeroes. 
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Graph 11: This shows the overall averages, from the raw data, of temperature (​o​C) at each 

location. Standard deviation is a quantity calculated to indicate the extent of deviation for a 

group as a whole. The error bars show the variance of the row. The error bars show a large 

variance in the data. The error bars do not show the entire range of the data.  
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Graph 12: This shows the overall averages, from the raw data, of transparency at each location. 

Standard deviation is a quantity calculated to indicate the extent of deviation for a group as a 

whole. The error bars show the variance of the row. The error bars show a larger variance in the 

data. 

Results 

Rock Creek 

There was a very consistent average in the salt testing between the eight weeks, except 

for “Week 5,” which could be an outlier. Although “Week 4” has an exceptional average of 10 

mg/L for Dissolved Oxygen, when these tests had been conducted, a very heavy storm had just 

passed, so “Week 4” could be lower or higher, due to the fact that the storm system had just gone 

through the area. Since not all the averages are within the prefered levels, this could show that 
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Rock Creek contributes a lot to the Monocacy River, explaining if PA, more specifically 

Gettysburg, is contributing to the Monocacy River, which is a main contributor to the Potomac 

River. 

Marsh Creek 

There was a very consistent average in the salt testing between the eight weeks, showing 

that there was no salinity pollution from the very dry winter we had. The transparency stayed 

almost constant except for the “Week 4,” which, when these tests had been conducted, a very 

heavy storm had just passed, so “Week 4” is lower, due to the fact that the storm system that 

went through the area, kicking up sediment and other visible pollutants. Since the majority of the 

averages are within the prefered levels, this shows that Marsh Creek does not contribute a lot of 

the negative effects to the Monocacy River, because Marsh Creek has been conducted as a 

healthy creek. 

Monocacy River 

The averages changed mostly every week. The transparency had an exceptionally low 

level on “Week 4,” which, when these tests had been conducted, a very heavy storm had just 

passed, so “Week 4” is lower, due to the fact that the storm system that went through the area, 

kicking up sediment and other visible pollutants. Since the majority of the averages are changed 

and fluctuated between the prefered levels, this shows that Monocacy River is affected by both 

Marsh Creek and by Rock Creek. The Monocacy River shows characteristics of both Rock Creek 

and Marsh Creek. 

Originally testing was supposed to occur every Saturday and Monday until YCSEF, with 

back up dates of Sundays and Tuesdays. As the process went on, the weekdays became too 
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hectic to keep up with, so it was changed to Sundays with backup days of Saturday, since it 

seemed to work out better that way. There were two weekends (12/14/19) and (1/4/20), where no 

testing was able to occur, due to how busy it was for the observer and for the observer’s family. 

The results were taken from the beginning of December up until February to encompass the 

winter months, and continue on during the spring months as well. The results had shown that the 

Unnamed Rock Creek Tributary and Marsh Creek both affect the Monocacy River. The 

Monocacy River levels had been a mix of the two creeks. The pH levels of the testing sites had 

been very similar in the results, while the salt had been mostly complete opposites between the 

sites. The salt graph is where it is really evident that both the Unnamed Rock Creek Tributary 

and Marsh Creek have an impact on the Monocacy, by having the Monocacy River in between 

the levels of the Unnamed Rock Creek Tributary and Marsh Creek. The DO results had come out 

lower than what was expected. The expected results had been higher, due to previous research on 

the creeks, and their backgrounds of flowing downstream. The nitrates had been fairly low, 

which is a good sign, showing that there is not a lot of nutrient rich pollutants flowing down 

through the Monocacy, and eventually ending up it the Chesapeake Bay. The one week of rain 

(Week 4), had severely damaged the transparency levels, with levels as low as 12cm. Some of 

the nitrates were at their highest that week, although the others were not. The amount of nutrient 

pollutant versus the amount of sediment and visible pollutant made the difference when testing 

downstream. The dependent variables had stayed mostly within their recommended levels, as per 

GLOBE. Since Marsh Creek and the Monocacy River are both used as drinking sources, it is 

reassuring that they are very healthy. 
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Conclusion 

The project had asked the question, “How does the DO, temperature, transparency, pH, 

salt, and nitrates levels upstream affect the levels downstream?” with the hypothesis stating that 

if the levels of dissolved oxygen, temperature, transparency, pH, salt, and nitrates at the upstream 

creeks are different levels than that of the downstream levels, then it will show that the two 

creeks contribute negatively to the southern river. This is because the creeks and streams are 

heavily shade, buffered by forests, roads and agricultural sources. The roads cross over or beside 

the creeks and rivers cause salt and pollution active on the roads to flow into the rivers. The 

agricultural sources cause nutrient enrichment, like nitrates and phosphates, to flow into the 

rivers. There would be an indication of a source of pollution/sediment, flowing into the 

Monocacy River from Marsh Creek or Rock Creek (through unnamed tributary), by having 

similar results at the locations.  

The results showed fluctuated results between similar results and different results. Each 

location had shown different levels and different environments, but they also showed similar 

levels, mostly in the pH. The data had partially supported the hypothesis. It might not look like 

the hypothesis was supported, since the levels were so close in proximity, but it was supported 

on a broader level. The fact that it had shown that the levels of the Unnamed Rock Creek 

Tributary and Marsh Creek had been similar or that the Unnamed Rock Creek Tributary and 

Marsh Creek levels, combined would equal the Monocacy River levels, had really showed that 

the hypothesis was sort of supported. The Monocacy River is impacted by the two upstream 

creeks. The two creeks both impact the Monocacy positively and negatively, which when the 

hypothesis was being formed, it was more looking at the negative side of possible results, instead 
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of both the positive and negative results. Therefore the hypothesis will be revised as, if the levels 

of dissolved oxygen, temperature, transparency, pH, salt, and nitrates at the upstream creeks are 

different levels than that of the downstream levels, then it will show that the two creeks 

contribute negatively to the southern river. But if the upstream creeks have similar levels of that 

of the downstream levels, then it will show that the upstream creeks are producing positive 

results for the downstream river. This is because the creeks and streams are heavily shade, 

buffered by forests, roads and agricultural sources. The roads cross over or beside the creeks and 

rivers cause salt and pollution active on the roads to flow into the rivers. The agricultural sources 

cause nutrient enrichment, like nitrates and phosphates, to flow into the rivers. There would be 

an indication of a source of pollution/sediment, flowing into the Monocacy River from Marsh 

Creek or Rock Creek (through unnamed tributary), by having similar results at the locations. If 

the levels of the three testing sites match similarly, then it can be inferenced that the Monocacy 

River and the two upstream creeks, are not negatively influencing that of the Chesapeake Bay.  

Problems, such as, broken ampoules, incorrect observations, and weather had all 

impacted the project in ways that made it more challenging. Getting new equipment was also a 

challenge and the analysis of the ampoules was tricky, as for in the light, they look very similar. 

If this project was going to change, there would be new testing of phosphate and lead, since they 

are also two other water quality tests that impact water greatly. The phosphates would be because 

of the amount of farmland and other nutrient pollution that can come from the land surrounding 

it through erosion and weathering. Testing for lead would also be beneficial especially after the 

Flint, Michigan incident, where new lead pipes caused a disinfection in their drinking water and 

drinking source. So, these are two important things to test for as well. Another addition would be 
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that of testing sites. Adding a Potomac River testing site and Chesapeake Bay testing site (near 

the mouth of the Potomac River), using buoys by NOAA, would help to see if the upstream 

creeks are directly affecting the Chesapeake Bay, by using all of the collected results to put 

together an experiment that combines it all, to finally see what the impact of the upstream creeks 

on the downstream rivers and eventually the Chesapeake Bay. Further research would also prove 

to be beneficial on how these upstream bodies of water affects downstream bodies of water.  

This is important to the community because it provides information about how they are 

contributing to their streams and creeks and how they are eventually contributing to the 

Chesapeake Bay. Since PA has been shown as one of the biggest negative contributors to the 

Chesapeake Bay, it shows if these are part of the negative contributions. By first seeing hard 

evidence that their local creeks and streams are negatively impacting the Chesapeake Bay, it can 

help to implement regulations and restorations for these helping to “Save a National Treasure,” 

and by doing good for the community, the country, and the world. 
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Badges 

Be A Data Scientist - ​The analysis and observations were recorded every week, and were taken 

over three months, with resuming collection for the SRS. Using Google Sheets to analyze data, 

calculate the average and standard deviation, and to generate the graphs, helped to give more 

precise analysis readings. Consultation with the teachers gave more insightful views as to the 

impact each test has and to the impact of water quality on the environment and the world, 

through one small project. 

Make and Impact Badge - ​This is important to the community because it provides information 

about how they are contributing to their streams and creeks and how they are eventually 

contributing to the Chesapeake Bay. Since PA has been shown as one of the biggest negative 

contributors to the Chesapeake Bay, it shows if these are part of the negative contributions. By 

first seeing hard evidence that their local creeks and streams are negatively impacting the 

Chesapeake Bay, it can help to implement regulations and restorations for these help save our 

world. 
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