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From the Editor 
 

Welcome to DeKalb County’s first-ever journal, Proceedings of Science and Engineering, highlighting 
the scientific and engineering excellence of DeKalb students. The motivation for this journal was all the 
exceptional research on display at the DeKalb Regional Science and Engineering Fair (DRSEF). Although 
there are public viewings of projects at those fairs, there is not enough exposure.  

 
In 2018, there were 21 Regional Science & Engineering Fairs around Georgia. At each fair, there were 

14 categories. There were more than 100 projects in junior and senior categories at DRSEF. At DRSEF, 
there were over 200 students competing, and the top 40 projects advance to the Georgia Science and 
Engineering Fair (GSEF). 

 
For those who are less familiar with Science and Engineering fairs, here is some background. Science 

and Engineering Fairs are where students get to explore real, hands-on research, discover results they had 
never expected, and present to judges who are experts working in the scientific and engineering fields. 
Many of the projects start in school science classes, but often, students compete on their own accord, and 
nearly always, the students are amazed with their results. The power of science to move is alive and strong 
in DeKalb. There are three levels of competition: Novice (grades 3-5), Junior (grades 6-8), and Senior 
(grades 9-12). For DeKalb County, the competition is called the DeKalb Regional Science and 
Engineering Fair. Winners from this fair then compete at the Georgia State Science and Engineering Fair, 
and from there, the Intel International Science and Engineering Fair.  

 
Many thanks to Mrs. Deneen McBean-Warner, Ms. Danielle Armstrong, and their staff. Ms. Armstrong 

is the Professional Learning Facilitator in DeKalb County. Mrs. McBean-Warner is the director and judge 
advisor for DRSEF and works tirelessly to encourage creativity in science across DeKalb county. Mrs. 
McBean-Warner and Ms. Armstrong go above all expectations to ensure students  have fun while doing 
exceptionally high quality science.  

 
For many reasons, we use only first names and last initials for each paper and do not identify the schools 

they attend, but they are all DeKalb students who’ve earned top honors at school, county, state, and 
international science fairs. This would not be possible without the DeKalb county community and their 
amazing support to our students as they pursue incredible advances.   

 
Sincerely, 
 
Zoe W 
Editor-in-Chief 
DeKalb County Senior 
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Polar Solar Cell: Analysing Efficiency and Power 
Madison P, Sophia K, and Justin J1,2 

1 Dunwoody High School, DeKalb County, Georgia, USA 
2 GSEF Representative 

Abstract 

Non-renewable resources are dwindling. However, the renewable resources present are not as 
efficient or powerful as our typical fossil fuels. Understanding what causes advancements in 
efficiency and power in solar cells is important in improving our non-renewable resources. 
Temperature is a factor of both efficiency and power. The study “Polar Solar Cell: Analysing 
Efficiency and Power” aimed to study this issue. The experiment consisted of running a 
cooled solar cell at the same time as a control solar cell. Two 6-Watt Coleman solar cells 
were used. One was placed on a Thermaltake Notebook Cooler while the other was propped 
up by a 2x4 block of wood. At the end of each test, the efficiency and power were greater for 
the cooled solar cell. This showed that overall solar cells work better at lower temperatures. 
When maximizing efficiency and power production of a solar cell, temperature must be 
considered. Understanding this relationship brings us one step closer to converting to 
renewable energy resources. 

 

Introduction 

Currently, non-renewable energy reserves around the 
world are depleting quickly. As a response to this 
phenomenon, improvements in the extraction and 
utilization of renewable energy sources would need to be 
made to sustain energy usage. Solar power is one of the 
most widely used renewable energy sources and has one 
of the highest energy potentials. 174 Petawatts (the 
equivalent of 1015 watts) of energy in the form of solar 
radiation enters Earth’s atmosphere, making solar power 
by far the most abundant energy resource on Earth. 
Additionally, just one hour of the total solar radiation that 
enters the atmosphere is equal to the total energy 
consumption of Earth for a year. Due to a sudden increase 
in global mean atmospheric temperatures over the past 
few decades, it would be appropriate to observe and 
analyse how temperature affects solar cell efficiency and 
power production. Furthermore, prior research proved that 
temperature did in fact affect solar cell efficiency, but it 
did not state specifically how temperature impacts 
efficiency. As a result, the study “Polar Solar Cell: 
Analysing Efficiency and Power” was conducted. 

Hypothesis 

If a solar cell is exposed to sunlight at a lower 
temperature, then it will be more efficient and powerful 
than if it were 

used at a higher temperature. 

Procedure 

The study analysed the impact of temperature on 
efficiency and power. Temperature was chosen as the 
independent variable because research said that 
temperature impacted solar cells, but not exactly how it 
impacted solar cells. The study’s purpose was to 
investigate how temperature affected solar cell efficiency 
and power.  

Two 6-Watt Coleman solar cells were tested at the same 
time. These solar cells were chosen because they were 
available to consumers. Testing at the same time was 
chosen because a direct comparison could be made. The 
sun or cloud coverage did not matter, because the solar 
cells were exposed to the same conditions for each test. 
Both cells were covered with aluminium foil to leave an 
area exposed of 10 cm x 10 cm. This was done because it 
made our data collection easier to work with. One solar 
cell was propped up with an 8” long, 2x4 block of wood. 
This was the control. The other solar cell was placed on a 
Thermaltake Notebook Cooler, set on the setting “turbo”. 
Both cells were attached to digital mustimeters. Each test 
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was run for 5 minutes. At each 1-minute mark, the 
temperature, voltage, and current were recorded. The 
initial temperature, voltage, and current were also 
recorded. The digital mustimeter was used to measure the 
voltage and current. The infrared thermometer was used 
to take the temperature of each solar cell. This process 
was repeated 2 times. 

After data collection, maximum power was calculated 
using the equation Max Power = (open circuit 
voltage)(short circuit current)(fill factor). The voltage and 
current came from the data collections and fill factor was 
given by comparing maximum power to theoretical 
power. It comes from the quality of a solar cell, and is a 
given value. Efficiency was then calculated by dividing 
the max power by 10 W. The value 10 W came from the 
area of the solar panel. If a 10 cm x 10 cm were perfect, it 
would yield 10 W. From here, conclusions were formed. 

Results 

The experiment supported the hypothesis. In the cooled 
solar cell, efficiency and power was greater. The mean 
efficiency of Test 1 differentiated by 5.48% between the 
control and cooled panel. The mean power of Test 1 
differentiated by 0.52 W. The mean efficiency of Test 2 
differentiated by 0.87%. The mean power of Test 2 
differentiated by 0.086 W. The mean efficiency of Test 3 
differentiated by 5.81%. The mean power of Test 3 
differentiated by 0.578 W. The cooler cell had a greater 
efficiency and power for all tests. Test 2 differentiated the 
least due to the temperature of the cells. Both cells started 
with a temperature of 16.7C and ended with a temperature 
of 14.1C. Throughout the test the temperatures changed. 
However, the conditions present brought the cells back to 
the same temperature despite the Notebook Cooler 
cooling one of the cells.  

The reason temperature impacts solar cells is due to 
electron energy. Voltage is impacted by electron energy. 
The sun gives electrons energy. The greater the difference 
between initial electron energy and electrons impacted by 
the sun, the greater the voltage. If the solar cell is warm, 
the electrons are already moving quickly. As a result, the 
difference is less, and the voltage is less. The cooler solar 
cells have electrons that are not as energized as the 
warmer cell. The sun creates a bigger difference in 
electron energy for the cooler cell. Voltage is greater 
because the difference in electron energy is greater. Power 
is greater do to the greater voltage, and so is efficiency. 
Efficiency and power go hand in hand, so when power is 
greater, efficiency is greater. 

Conclusion 

To improve the utilization of solar energy by photovoltaic 
cells, temperature must be considered as a factor. 
Throughout the experiment, cooler temperatures 
consistently tended to cause an increase in efficiency and 
power in solar cells. For real-world implications, this 
experiment proved that an increase in global mean 
temperatures would negatively affect solar cell 
productivity and efficiency. Understanding this 
relationship between temperature and solar cell efficiency 
makes way for a better usage of solar power as a natural 
energy source. 

Acknowledgements 
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experiment. We worked together to decide the best way to 
perform the experiment. However, we did get advice from 
several experts. All three team members had county level 
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interviews, science fair was the major topic of discussion. 
We had the opportunity to bounce our ideas off some of 
the top scientists in DeKalb county. Mr. Michael 
Dowling, a scientist and teacher at Fernbank Science 
Center, participated in all our interviews. He gave us the 
idea to run the solar cells at the same time. By doing so, 
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Change in pressure of a small volume with differing 
orifices 
James S1 

1 Fernbank Science Center, DeKalb County, Georgia, USA 

Abstract 

The purpose of this data collection and interpretation was to better understand the rate of 
pressure release through varying sized holes, going from 1.5875 mm (1/16 inches) to 5 mm. I 
set up an apparatus which was a U-Tube manometer containing a clear, u-shaped tube of dyed 
water and a meter stick in the middle to find the pressure in cm of water. A setup occurred at 
the top in which there was a balloon (the pressurized container) with approximate volume 80 
inches^3 (1300 cm^3), valve to allow a pump to be connected to pressurize the container, and 
a valve to release the pressure with varying sizes of dowel rod with holes drilled in it to create 
the variable hole sizes. I found that the correlation between hole size and rate of pressure 
change was in fact, linear with a rate of change of y=1.2354x+.6149, with x being the orifice 
size and y being the rate of pressure change in kilopascals per second. All of the graphs 
plotted for both pressure versus time for each orifice size and orifice size versus rate of 
pressure change had very strong correlations of r^2 ≥ .93. 

 

Introduction 

More and more as we trend towards living in more 
inhospitable environments, maintaining a constant 
pressure inside whatever vessel you are in is and will 
continue to be extremely important. Understanding the 
rate of change of pressure in the event of a minor hole 
(e.g. in the ISS or in a submarine) and analysing error 
possibility before it occurs is very important for these 
pressurized containers. 

Question 

What is the rate of change of pressure in a closed system 
with varying size orifices to release air? 

Purpose 

The purpose of this lab and data collection was to find the 
correlation between ΔP and the size of an orifice allowing 
for pressure to escape using a home-built u-tube 
manometer and dowel rods with various size holes drilled 
into them. The purpose was to understand the relationship 
between these two variables and to better understand how 
pressure functions as a whole. 

 

Hypothesis 

My prediction is that there is going to be positive 
exponential correlation between the orifice size and the 
(absolute value of the) change in pressure and that the size 
of the orifice would increase linearly while the (absolute 
value of the) change in pressure would exponentially 
increase. 

Variables 

The variables being tested empirically are pressure versus 
time for each orifice size, which is then used to find the 
rate of pressure change versus the orifice size. 

Materials 

The materials used were two pieces of plywood, a 6m 
length of clear tube cut to size, screws and brackets to 
hold the tube in place, a meter stick, dyed water, 2 valves, 
caulk, a balloon, a pump for the balloon, a camera, and 
motion tracking software. 

Procedure 

For my procedure I built a U-tube manometer which read 
units in centimeters of water. I had a system of two three-
way valves connected by a male to male threaded ending. 
On the one end that did not have a valve to control the air, 
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I put the clown balloon. In the two holes with the valve, 
one was for a pump to get air into the system and the 
other was for the dowel rod with the holes drilled into it to 
act as an orifice. The other end of the system of piping 
without a valve, was caulked to connect it in an airtight 
manner to plastic tubing which ran in a U shape, bolted 
onto a back piece of plywood. It ran for approximately 90 
cm down before looping and running another 1m of clear 
plastic tubing upwards. A meter stick was screwed into 
place between the tubing to measure the distance in 
centimeters and this was stood relatively upright (± 5°). I 
then mounted my phone to a stand to keep it upright and 
to record the u tube manometer while the pressure 
changed. I filled the balloon with a consistent amount of 
air by monitoring the number of pumps and the length of 
compression of the pump each time i used it. I chose to 
use 12 pumps as that relatively maxed out the ability for 
accurate measurement in my setup. I then closed off all 
open valves and inserted the dowel rod with the hole 
drilled in it. After starting the recording, I went and 
opened the valve to allow the pressure to fall off. After 
recording the 5 measurements, I took the videos into 
motion tracking software to analyze the ends of water in 
order to find the change in pressure. Finding the distance 
between the two ends of water gives you the pressure in 
cm/s which I then converted to kPa. 

Results 

 

 

 

 

 

 

 

For the analysis of the data I chose to do linear lines of 
best fit as they matched best with the data. The pressure 
decreases as time went on which was evident in the videos 
themselves, the distances between the ends decrease with 
time showing the pressure escaping. 0 in the data set as a 
pressure value was considered atmospheric pressure. 
Their ranges of error within the data sets were all within 
7% which was very reasonable considering the setup. For 
the relationship between the size of the varying orifices 
and the change in pressure, a negative linear relationship 
is observed i.e. as orifice size increased, the absolute 
value of the change in pressure increased linearly. 
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Conclusion 

The lab experiment was to test the relationship between 
the change in pressure of a balloon with approximate 
volume 80 inches^3 (1300 cm^3) and the size of a varying 
orifice done using a homemade u-tube manometer and 
varying size pieces of dowel rod with orifices drilled into 
them. Recording videos and analyzing them using motion 
tracking software, I collected the data on the process. My 
hypothesis was disproved, the relationship between the 
change in pressure and orifice size was not exponential, 
but rather had a linear relationship with a reasonable r^2 
of .969. You saw that for everyone millimeter the orifice 
size increased by, the absolute value of the change in 
pressure went up by 1.2354 kPa/s. Errors and 
uncertainties could have been caused however. While the 
board was upright in general, there was approx. a 5-
degree room for error that could have affected the 
recording of the change in water. The u-tube manometer 
was also not completely airtight and lost approximately 50 
cm of water of pressure when left overnight for 8 hours, 
though this should have been negligible in the 1 minute it 
took for each set of data to be collected. Centimeters of 
water is generally used at 4 ° Celsius (the densest 
temperature for water) however, my measurements were 
taken at room temperature meaning the density of the 
water could have been off by up to .0018 g/cm^3. Lastly, 
there were slight discrepancies in the recordings making it 

hard to see the end of the water due to a slight blur in the 
camera, meaning the measurements of pressure may have 
been off up to ± 1 cm. These findings could be used in 
situations like outer space travel due to the pressure 
differential between the vacuum of space and the 
spacecraft and helps to highlight how pinpoint holes could 
lose one atmosphere of air in 38.8 seconds with only a 
one-millimeter hole. This does open future questions 
about this very fast rate of pressure change and how it 
could even possible be used as a way of transferring air 
quickly. 
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In Vitro Antimicrobial Effects of Human Milk & 
Yogurt Components 
Saitheja P1,2 

1 Lakeside High School, DeKalb County, Georgia, USA 
2 GSEF Representative 
 

Abstract 

When a baby is born, what they first consume is extremely important. Infants have extremely 
fragile and weak immune systems, so they need protection from what they consume.  In this 
research, the antimicrobial properties of components in colostrum, human milk and baby 
formula against pathogenic bacteria were examined. Differences in inhibition characteristics 
were studied while also comparing to previous research of yogurt components in terms of 
factors contributing to bacterial inhibition. Colostrum is the form of human milk that is 
produced by a mother in late pregnancy and after giving birth. These substances were first 
collected/prepared. Extraction of the components involved in experimentation was completed 
by centrifuging and filtering the substances. Sterility checks were completed on components. 
Bacterial stock for various different pathogenic bacteria was then prepared and grown in the 
presence of the components in a 96 well plate. A positive control of Kanamycin and negative 
control of bacterial growth in the presence of only growth medium were used. 
Spectrophotometry was utilized to measure bacterial growth every 30 minutes for 24 hours. 
Results showed high inhibition by colostrum, moderate inhibition by regular human milk, and 
low inhibition by formula. The encouraging results from human/colostrum and yogurt in 
inhibiting a variety of pathogenic bacterial growth studied in this research have greater 
research potential for further study in understanding factors contributing to inhibition of 
bacterial growth in colostrum, such as components, particularly bacteriocins produced by 
lactic acid bacteria (LAB). Recent studies have shown apoptosis-inducing and 
immunomodulatory abilities of these LAB components. 

 

Introduction 

Previous Research 

Previous research in 2016-2017 showed antimicrobial 
growth inhibition of pathogenic bacteria In Vitro by 
yogurt bacteria produced metabolites (Figure 1). 
Metabolites were extracted from both homemade and 
store-bought yogurts and tested for antibacterial abilities. 
Results showed increased inhibition by homemade 
metabolite; suggests impact of yogurt bacteria and 
bacterial components in antibacterial abilities. 

To continue research started in 2016-17, new sources of 
Lactic Acid Bacteria were searched for to determine if 
these different sources can still inhibit an antimicrobial 
effect against pathogenic bacteria. One such major source 
of Lactic Acid Bacteria that is naturally found is human 

milk, produced by a mother after giving birth. The 
diversity and different species of Lactic Acid Bacteria 
found in a mother’s milk is immense, and these bacteria 
have been studied for their role in the benefits a child 

receives from a mother in both their immunity and 
digestion [8].  
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Figure 1: Research from 2016-2017 in which probiotic 
bacterial metabolites isolated from both homemade and 
store-bought yogurts were tested for their antimicrobial 
properties in the presence of four major pathogenic 
bacteria. Results shown for the pathogen E. coli show 
antibacterial properties exhibited by both homemade and 
store-bought yogurts. 

Colostrum  

Colostrum is the first milk produced by a mother in late 
pregnancy and for a short time after giving birth. It is high 
and dense in many key nutrients and also supplies 
newborns with antibodies including IgA to protect against 
disease. It contains very concentrated amounts of certain 
proteins, enzymes, cytokines and growth modulators that 
protect and allow newborns to adapt. The substance also 
passes through the digestive system easily and also 
strengthens the GI tract as it passes through. 

Human Milk 

Human milk has long been widely regarded as the best 
option for feeding newborn babies. Several studies have 
provided evidence of antimicrobial and antiviral proteins, 
lipids, and enzymes isolated from human milk. These 
include Nisin, Lactoferrin, and Lactoperoxidase Unlike 
colostrum, human milk contains a higher fat content. 
Studies have also provided evidence of probiotic and 
commensal bacteria in Human milk, similar to bacteria 
found in dairy products, like yogurt.   

Formula 

Infant formula serves to simulate the biological benefits of 
human milk to newborns without access to human milk. 
However, many studies have found deficiencies in 
nutrient content in formula. Formula also contains some 
nutrients not found in natural human milk, including 
essential amino acids as fortified. 

Lactic Acid Bacteria 

Lactic acid bacteria (LAB) have been used for thousands 
of years to ferment milk and to help maintain a healthy 
gastrointestinal tract (GI). These gram positive bacteria all 
share lactate as a metabolic byproduct and play a key role 
in the production of foods such as yogurt and cheese. 
They also play an integral role in intestinal health by 
digesting components of our diets that we cannot digest 
alone as well as preventing certain diseases and 
conditions. LAB also plays an important role in our 
immune system by acting as adjuvants and stimulation the 
immune system of the GI. 

LAB are an important component of human milk and the 
pathway of these LAB from the mother to child is 
essential to initial development and protection of the 
child. Through the Entero-mammary pathway, LAB from 
the maternal intestine is able to be transported via the 
circulatory system to the mammary gland of the mother. 
From, here these bacteria are able to be transferred to the 
child by way of breastfeeding. (Figure 2A) 

Numerous studies concerning metabolites and 
components of LAB have been performed to investigate 
the components of what these bacteria produce and their 
role in the inhibition of bacteria. One such component of 
the metabolites of these LAB is bacteriocins. Bacteriocins 
are bactericidal peptides that are produced by certain 
bacteria for the purpose of inhibiting the growth of other 
bacterial species in the environment, possibly to eliminate 
competition. Figures 2B and 2C detail the mechanism of 
these bacteria produced bacteriocins, and their role in the 
inhibition of pathogenic bacteria.  

 

 

 

 

 
 

Figure 2A: Transfer mechanism of bacteria (LAB) from 
mother to child through human colostrum and milk. [20] 
 

 

 

 

 

 
 
 

Figure 2B: Bacteria producing bacteriocins for pathogen 
inhibition in epithelial cells. [19] 
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Figure 2C: Mechanism of Nisin, common LAB-produced 
bacteriocin, inhibiting bacterial cell growth. [21] 

Purpose and Hypothesis 

The purpose of this research is to  

• Test the antimicrobial properties of colostrum, 
human milk and baby formula against pathogenic 
bacteria. 

• Study the differences in inhibitory characteristics 
of components of Colostrum, human milk, and 
baby formula. Compare to abilities of Lactic acid 
bacteria from other sources (yogurt). 

It is hypothesized that Human Colostrum and milk 
components will exhibit antimicrobial effects on 
pathogenic bacteria. 

Materials and Methods 

10 mL Colostrum was first collected from a donor 
immediately after child birth. 10 mL of Human milk from 
the same donor was also collected 6 months after child 
birth. Infant formula was also prepared as directed and 10 
mL were used.  

These samples were then transferred into centrifuge tubes 
and centrifuged for 15 minutes at 300 RPM. Using a 
syringe, each sample was passed through a 0.2 micron 
syringe filter to make each sample sterile. A sterility 
check on each sample was then performed to ensure the 
sterility of each. 10µl of each sample were added to 2 ml 
of Mueller-Hinton (MH) growth medium and incubated 
overnight in an orbital shaker.  

For each pathogenic bacteria species (E. coli, P. 
aeruginosa, S. flexneri and S. aureus), a 1-500 diluted 
bacterial stock was prepared by adding 2 µl of the 
bacterial culture into 1 mL of MH medium. 50 µl of each 
pathogenic bacteria were then added into triplicates for 
each condition of metabolites onto a 96-well plate. 10 µl 
of the supernatants from colostrum, human milk, and 
formula were then added to each bacterial well on the 

plate. Each well was then topped with MH medium so 
that each well contained a volume of 100 µl. A negative 
control of pathogenic bacteria growing in only MH 
medium with no interaction with the components of 
colostrum, human milk, or formula was also prepared. A 
positive control of Kanamycin at a concentration of 100 
µg/mL was also used. 

This 96-well plate was then inserted into a BioTek Epoch 
microplate spectrophotometer and the OD (Optical 
Density) was read at 600 nm at intervals of 30 minutes 
every 20-24 hours. Analysis was performed using Gen5 
Data Analysis Software, and growth curves were made 
using Excel and Prism Software. 

Results and Analysis 

The results of the experimentation showed that the 
colostrum was able to inhibit bacteria with moderate to 
high success. Natural human milk had moderate to low 
inhibition. Formula had extremely little to no inhibition. 
Each bacterial sample reacted differently in the presence 
of the components of colostrum, human milk, and 
formula. However, a common trend of bacterial inhibition 
was observed.  

Colostrum vs. Milk vs. Formula 

Figures 3A-5D show the differences in the inhibition 
of growth between colostrum, human milk, and 
formula.  In each pathogenic bacteria studied, the 
colostrum extract was able to inhibit the growth of 
bacteria. The human milk extract was able to 
moderately inhibit growth of pathogenic bacteria. 
The formula extract had little success in inhibiting 
bacterial growth. At just 10 microliters used, the 
colostrum sample was able to greatly inhibit 
bacterial growth with high efficiency as well. 

Gram-Positive vs. Gram-Negative 

A common trend seen in these figures is that Gram-
Negative bacteria were more susceptible to the 
effects of the components compared to Gram-
Positive bacteria, particularly in Colostrum 
experiments. The Gram-Positive bacterium studied 
was S. aureus. The Gram-Negative bacteria studied 
were E. coli, P. aeruginosa, S. flexneri. This effect 
can be attributed to the durability of their cell walls 
characterized by Gram staining. Gram-Positive 
bacteria have a thicker peptidoglycan layer in the 
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cell wall, allowing slightly more survival in the 
presence of these components 

Figures 3A-5B: Growth of four pathogenic bacteria in the 
presence of different volumes of components of 
Colostrum, Human Milk, and Formula, as well as positive 
control Kanamycin, over 20 hours. 

 

 

 

 

 

Figure 6A: Percentage of Inhibition of E. coli in 
components of Colostrum, Human Milk, and Formula. 

 

 

 

 

 

Figure 6B: Percentage of Inhibition of P. aeruginosa in 
components of Colostrum, Human Milk, and Formula. 

 

 

 

 

 

Figure 6C: Percentage of Inhibition of S. flexneri in 
components of Colostrum, Human Milk, and Formula. 

 

 

 

 

 

Figure 6D: Percentage of Inhibition of S. auerus in 
components of Colostrum, Human Milk, and Formula. 

 

 

 

 

 

Figure 7A: Percentage of Inhibition of E. coli with 
human milk produced at different times after birth. 

 

 

 

 

 

Figure 7B: Percentage of Inhibition of S. aureus with 
human milk produced at different times after birth. 
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Percentage Inhibition 

Figures 6A-6D and 7A-7B show the percentage 
of inhibition after 5 and 10 hours for each pathogenic 
bacterium by colostrum, human milk, and formula. As 
shown, Colostrum (blue) had a great amount of inhibition 
up to 60% in each bacterial sample. Human milk (red) had 
very little inhibition of bacterial growth. Formula (purple) 
has not shown inhibition in growth of any pathogenic 
bacteria 

Conclusion 

The results support the hypothesis that colostrum would 
have inhibitory effects on the pathogenic bacteria. Human 
colostrum clearly had greater inhibition of up to 60% in 
growth of E.Coli, P.aerugnosa, S. flexneri and showed 
40% inhibition in S.aureus. Human milk had up to 30% 
inhibition for E. coli and very low inhibition of around 
5% to P. aeruginosa and S. flexneri. Results showed no 
inhibition to S. aureus. Human milk may have been less 
successful because it was collected 6 months after birth 
and may have had more success if collected closer to time 
of birth. Formula milk showed very little inhibition of 5% 
to E. coli and no inhibition in growth of other pathogenic 
bacteria used in the experiments. S.flexneri grew better in 
formula compared to MH medium alone as it provides 
rich medium for bacterial growth. Formula was highly 
ineffective, while colostrum has highest inhibition against 
the pathogenic bacterial growth in vitro. Human milk has 
moderate inhibitory activity. These results suggest that 
colostrum and human milk could be the best anti-
microbial options for new born babies. 

Research potential and future work 

The encouraging results of LAB components from 
human/colostrum and yogurt in inhibiting a variety of 
pathogenic bacterial growth studied in this research have 
greater research potential for further study. More research 
is needed to identify the factors contributing to the 
inhibition of bacterial growth in colostrum such as 
bacteriocins, or other peptides, enzymes, or lipids. These 
can be isolated in future studies. Potential for components 
of Lactic acid bacteria from both colostrum and yogurt 
sources to induce apoptosis in cancer cells and/or have 
immunomodulatory effects on immune cells. 
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What are the Effects of Caffeine on Plant Growth? 
Destiny M1 

1 Champion Theme Middle School, DeKalb County, Georgia, USA 

Abstract 

The purpose of the experiment is to determine the effects of caffeine on plant growth.  Many 
people eat food, drink beverages, and use medications that contain caffeine.  It is important to 
understand how caffeine can impact a person. 

 

Introduction 

Two liters of Coca-Cola with caffeine, two liters of Coca-
Cola without caffeine and three measuring cups were 
purchased from the grocery store.   Twelve pansies and 
twelve purple mums were purchased from Lowe’s home 
Improvement store to determine the effects of caffeine on 
plant growth.  Each plant was labelled with the name of 
the plant, a number 1- 4 and labelled with water, 
decaffeinated or caffeine.  The plants were evaluated daily 
for moistness to determine if the plants needed to receive 
water, Coca-Cola without caffeine and Coca-Cola with 
caffeine.  On the days that the soil was not moist, each 
plant received ¼ of water, Coca-Cola without caffeine or 
Coca-Cola with caffeine depending on the plant’s label.  
The plants were measured for height at the beginning of 
the experiment and on each day that the plants received 
water, Coca-Cola without caffeine and Coca-Cola with 
caffeine.  The plants were dying in comparison to the 
plants that received water.  The plants that received Coca-
Cola with caffeine had more mold on the soil than the 
plants that received Coca-Cola without caffeine.  The 
plants with Coca-Cola were dying even more than plants 
with Coca-Cola without water.  Caffeine impacts different 
people differently.  The caffeine had a negative impact on 
the plants in the experiment.   

Caffeine is an alkaloid located naturally in nearly 100 
plant species (Montes, Dianez, & Camacho, 2004). 
Multiple nitrogen compounds in a group that are in plants 
are called alkaloids (Montes et al., 2004). Alkaloids help 
plants to adapt to the environment (Montes et al., 2004). 
A benefit of caffeine is that it can be used as a pesticide 
(Montes et al., 2004). Caffeine has different effects on 
different plants. Caffeine has been proven to help increase 
chlorophyll, reduce the length of roots, reduce the amount 
of root cells in seedlings, and increase the height of plants 

(Montes et al., 2004).  The goal of this study is to 
determine the effects of caffeine on plant growth.   

Many people in this world receive caffeine into their body 
through drinks (U.S. National Library of Medicine, 2017). 
Caffeine is also used in Coca-Cola, chocolates, tea, and 
coffee (U.S. National Library of Medicine, 2017).  Colas 
have 35-45mg of caffeine in a 12 ounce can of soda (U.S. 
National Library of Medicine, 2017).  Man-made caffeine 
is also in many medications for colds, pain relievers, and 
medications that are used for alertness that are over the 
counter medications (U.S. National Library of Medicine, 
2017). Caffeine impacts a person by stimulating the 
central nervous system (U.S. National Library of 
Medicine, 2017).  The effects of caffeine on the body is 
helps to give a person a boost of energy.  The caffeine   
can increase a person’s blood pressure, can cause a person 
to urinate more, and can cause an upset (U.S. National 
Library of Medicine, 2017).  A person may feel the effects 
of caffeine at its highest within an hour of drinking or 
eating caffeine (U.S. National Library of Medicine, 2017).  
For four to six hours, a person may feel the effects of 
caffeine (U.S. National Library of Medicine, 2017).  More 
than 400mg of caffeine a day can cause dependency, 
anxiety, dehydration, abnormal heart rhythm, rapid heart 
rate, dizziness, headaches, insomnia, restlessness and 
shakiness.  The withdrawal symptoms for caffeine are 
difficulty concentrating, headaches, nausea, irritability, 
and drowsiness.  The withdrawal symptoms can last a 
couple of days (U.S. National Library of Medicine, 2017).   

The aim of the study is to determine the effects of caffeine 
on plants.  Plants were placed in triple lines.  The plants 
were measured from the stem base to the top of the plant. 
One row consisted of four pansies and four purple mums.  
The first row of plants received water, when the soil was 
not moist.  The second row of plants consisted of four 
pansies and four purple mums.  The second row received 
1/4cup of decaffeinated coca cola each day the soil was 
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dry.  The third row of plants, with four purple mums and 
four pansies received cup of coca cola each day the soil 
was dry.  The experiment lasted three weeks.  The plants 
were initially healthy plants.  The experiment ended after 
the plants began to have mold in the soil and ultimately 
when the plants died.  Gnats began to fly around and, on 
the plants, due to the plants dying.   

To obtain the total height reduction, the plant’s 
measurements were taken each day the plant required soil.  
The initial plant measurement on the first day of the 
experiment amount was subtracted from the last 
measurement obtained or the plant on the last day of the 
experiment to obtain the total height reduction.  The 
highest total height reduction was for the pansy that was 
given decaffeinated coca cola.  The decaffeinated purple 
mum had the highest total height reduction within the 
purple mums.  The decaffeinated pansy had the highest 
total height reduction.  The pansies had a lower reduction 
rate compared to the purple mums.  The decaffeinated 
purple mum labelled number four and the purple mum 
with caffeine.  Purple mum caffeine four has the lowest 
total height reduction for both pansies and purple mums 
as 0.3cm.  Pansy water 1 had the highest total reduction as 
11.1cm.  The lowest total height reduction for the pansies 
is 4.1cm.     

Results 

According to Montes et al., “A number of studies on the 
application of caffeine to a diversity of crops have shown 
contradictory results on plant growth, ranging from 
stimulation of growth to partial or complete inhibition of 
growth.  These discrepancies may be a result of different 
concentrations of caffeine, different caffeine application 
periods, measurements taken from different pant organs, 
and different types of evaluations” (2004).  The variables 
are the plants that were given decaffeinated coca cola and 
coca cola with caffeine. The methods used in the 
experiment for the current paper are extremely different 
than other prior studies.   It is concluded from the current 
studies that caffeine will decrease plant growth and cause 
and more mold on the plants the plants that were given 
decaffeinated coca cola.  The plants that received water 
did not have mold on the soil throughout the experiment.  
Pansies are more negatively impacted by the 
decaffeinated and coca cola with caffeine.  Purple mums 

are impacted negatively by the   decaffeinated coca cola 
and coca cola with caffeine.  The pansies and the purple 
mums who received decaffeinated coca cola and coca cola 
with caffeine began to die quicker than plants that 
received water. 

Conclusion 

Inconsistencies that may have altered the results would be  

the amount of sunlight the different plants received and 
spaced out better.  Adding coffee as a variable to add to 
the experiment can help with experimentation.  Coffee 
brewed in a pot contains 85mg of caffeine (Burdan, 
2015).  Instant coffee contains 60mg of caffeine.  
Decaffeinated coffee has 3mg of coffee (Burdan, 5) The 
actual concentration of caffeine is dependent upon the 
type of plant where the caffeine was taken from the plant 
(Burdan, 2015. Coffee has more caffeine in the coffee 
than in Coca-Cola, which would provider for more 
information.  Adding different additional plants can be 
beneficial for determining which plants, caffeine has a 
positive impact and which plants have a negative impact 
regarding caffeine.  For the plants with a positive 
interaction with the caffeine, caffeine can be used in the 
future for increasing production of the plants.   If caffeine 
is used to increase the production of production or does 
not prevent the plant from growing, then there has been a 
study relating caffeine as a repellant and toxicant to slugs 
and snails (Hollingsworth, Armstrong, Campbell, 2003). 
If caffeine is proven to be a pesticide to against snails and 
slugs for food crops, then there could be an increase in 
food production (Armstrong et al., (2003). 
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Increasing HPV Awareness in the Community: A 
Photovoice Concept 
Gabrielle F1 

1 DeKalb County, Georgia, USA 

 

Introduction 

Human Papillomavirus (HPV) vaccination rates are 
suboptimal compared to other adolescent vaccination rates 
and are well below the Healthy People 2020 goal of 80% 
coverage for all adolescent vaccines, both nationally and 
in Georgia where rates lag even further behind. 

Studies have found that among parents, low knowledge of 
HPV, low perceived susceptibility of adolescents to 
HPV/sexually transmitted infections, concerns about 
vaccine safety, and views that HPV vaccination leads to 
sexual activity were associated with reluctance to allow 
HPV vaccination. 

There remains a critical need to increase awareness of 
HPV through community-based health communication 
campaigns.  

Virtually all cases of cervical cancer are caused by HPV, 
and just two HPV types, 16 and 18, are responsible for 
about 70% of all cases. 

HPV vaccination can reduce risk of infection by the HPV 
types targeted by the vaccine.  

3-approved vaccines: Gardasil, Gardasil 9 and Cervarix. 

Question 

What are community-level facilitators to increase HPV 
awareness in the state of Georgia? 

Procedure 

Photovoice is a participatory action research method that 
employs photography and group dialogue as a means for 
underrepresented individuals to deepen their 
understanding of a community issue or concern. 

The visual images and accompanying stories are the tools 
used to reach policy- and decision-makers. 

The aim of this research method is to improve conditions 
by making changes at the community level. 

Key Concepts of Photovoice: 

Images Teach 

Pictures  Can Influence Policy 

Community Members Ought to Participate in Shaping 
Public Policy 

Influential Policy-Makers must be Audience to the 
Perspectives of Community members 

Emphasizes Individual and Community Action 

Results 

 

I had the opportunity to meet with the adolescent 
coordinator, a special projects coordinator, and an 
immunization program director at the Georgia Department 
of Public Health.  

Our dialogue included the Department’s strategies for 
increasing awareness and supporting vaccinations for 
HPV. 
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The state of Georgia has a robust infrastructure to address 
HPV awareness.  They have programs to get the message 
out to parents, adolescents, and communities through 
local health departments. 

 

The Georgia Department of Public Health Administrative 
offices are centrally located in the health of Atlanta, GA.  

Very easy to access and conveniently located next to the 
public transit station. 

 

I am pictured here with a nurse practitioner at the Fulton 
County Department of Health and Wellness (FCDHW) 
and she explained how to treat the symptoms of HPV 
which are burning the warts,  laser treatment or topical 
ointment. 

The nurse practitioner also explained that you should not 
give the patient medication for treatment if they have a 
life threatening allergy or if they are pregnant. 

  

These pictures show free condoms and pamphlets at 
FCDHW that individuals can receive during their visit.  

This is portraying that they are promoting safe sex, 
education, and how to reduce the risks of HPV. 

Discussion 

 

 

Vaccine distribution has increased from year to year.  

Although the HPV vaccinations rates are increasing in 
Georgia, they still lag behind the goal of Healthy People 
2020.  

The Georgia Department of Public Health is a great 
resource for increasing HPV awareness. 

Conclusion 

Through my experience, I have learned that HPV is a very 
serious issue. 

Greater awareness of local health department resources 
for HPV is needed. 

Middle and High Schools should partner with the Georgia 
Department of Public Health to increase HPV awareness 
among adolescents, parents and communities. 
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What are the effects of soil fertilizers on soil quality 
and soil fertility? 
Fatima S1,2 

1 Stone Mountain Middle School, DeKalb County, Georgia, USA 
2 GSEF Representative 

Abstract 

The purpose of this experiment is to find out the effectiveness of soil fertilizers. I used 
organic fertilizer, non-organic fertilizer, and soil for this experiment. I measured the growth 
rate of the mint. I also did a taste test and I recorded which type of fertilizer grew the 
healthiest. There are many people in the world who enjoy growing their own food. Many of 
these people are uneducated when it comes to the type of fertilizer they use. Many soil 
fertilizers contain chemicals in them. Some people may not notice this because they are happy 
that their crops are growing quickly.   Although there are benefits to growing crops with 
chemicals, there are many harms. First, you need to consider that the food you are growing is 
no longer organic and may harm you in many ways. Studies show that many people have 
gotten sick when they ate something that was grown with chemical fertilizers. 

 

Question 

What are the effects of soil fertilizers on soil quality and 
soil fertility? 

Hypothesis 

The plant with the organic fertilizers will grow the 
healthiest while the plant with the non-organic fertilizer 
will grow the fastest. 

Procedure 

Two different fertilizers will be used in this experiment. 
The soil will the control since it was a well-set ingredient. 
The other two ingredients, the organic and non-organic 
fertilizers, will be the store-bought ingredients. The first 
thing I will do is get three different plant pots. I will label 
them A, B, and C. I will also add the same amount of soil 
and seeds to each. For pot A, I will add the organic 
fertilizer, for pot B, I will add the non-organics fertilizer, 
lastly, for pot C, I will leave it with just soil. I leave all 
three pots in a sunny location and wait for the mint to 
grow and take notes along the way.      

Results 

I will use my camera to take pictures along the way and 
my eyes to examine the color of the plants, I will also use 
a ruler to measure the growth rate. 

Conclusion 

The overall conclusion of this experiment is that organic 
soil fertilizers should always be your number one option. 
Not only are they coming from nature and have minimal 
harmful effects, but they are cheap and contain no GMO’s 
or chemicals in them. They help grow herbs and plants 
faster and also help in the taste and overall health of a 
plant. Studies have proven that eating vegetables that 
were grown with organic soil fertilizers better help your 
body fight off diseases and cancers. They also help your 
body get more energy from the food you are eating. You 
should always lean towards chicken compost when 
wanting to get an organic fertilizer because they contain 
high amounts of potassium and phosphorus. This helps 
break down the nutrients that comes from the sun and the 
fertilizer so that the plant could get better use of it. 

References 

1. www.organicplants.com , 
2. www.fertilizers.com/wikepidia , 
3. www.chemicalplantfood.com 

  



DeKalb County School District Proceedings of DeKalb Science and Engineering 
2018 1(1)   http://www.dekalbschoolsga.org/science/ 
 

 22 © DeKalb County School District  
 

Effect of pH on Hemostasis 
Nethra S, Shainny G, & Rachel W1 

1 Dunwoody High School, DeKalb County, Georgia, USA 

Abstract 

The coagulation of blood is an important process of ensuring that a wound heals. However, 
the lack of clotting can lead to disorders such as hemophilia that can be life threatening. 
Hemophilia is due to the lackluster amount or defective clotting factors. The question the 
group was trying to solve was if the level of pH of the blood affects the coagulation or clot 
that is formed. The importance of this experiment was to further understand how clotting 
factors and other conditions of the body affect the healing process of wounds, and how 
knowing this information could prevent the dangers that come with blood disorders and other 
conditions. The experiment begun by making a sodium alginate solution. We combined 200 
mL of cold tap water with 3.3 grams of sodium alginate, blended it, then added another 200 
mL of water of 5 drops of food coloring. Then, we separated the solution into 7 beakers and 
varied the pH of each solution by using hydrochloric acid to make it more acidic and sodium 
hydroxide to make it more basic. We then added each of the sodium alginate solutions to a 
calcium chloride solution to witness coagulation. The measurements were taken with a ruler 
to compare the size of the clot based on the different pH levels. The results were somewhat 
similar to the hypothesis we composed at the beginning of this project. By adding many drops 
of hydrochloric acid to two of the solutions, we were able to make both acidic with pH’s of 
2.7 and 4.6. When added to the calcium chloride solution, no clots were formed. Meanwhile, 
the rest of the sodium alginate solutions were either neutral or basic (pH above 7) and formed 
clots between the sizes of 0.3 to 0.8 centimeters. This experiment helped conclude that when 
the pH of blood is more acidic (below a pH of 7), the clotting of blood is less likely to heal 
the wound compared to blood that has a higher pH.   

 

Introduction 

Coagulation is the process where a liquid, such as blood, 
forms into a solid or semi solid substance. When 
concerning blood, this process is known as clotting. 
Clotting is a part of hemostasis, which is a rapid, three 
step sequence that causes bleeding to stop on the body. 
The first step are vascular spasms (brief contraction of 
blood vessels). The second step is the formation of a 
platelet plug. The final step is the actual blood clotting. 
Blood travels through small tubes called blood vessels, 
which are usually what get damaged when someone gets 
cut. As soon as a vessel is damaged, platelets, which are 
small fragments of cells, rush to the open site and stick 
together to temporarily plug the wound. Since the plug 
formed by the platelets is weak, clotting factors provide as 
a reinforcement. Then, the protein fibrin forms a mesh 
throughout the clot, which holds the other factors 
together. Red and white blood cells join the clot to 
strengthen it. Eventually, the clot dissolves in the body. 
Coagulation is an important process as it prevents serious 

blood disorders, such as hemophilia. Hemophilia is a 
genetic disorder where the body has trouble coagulating 
blood. This occurs when a person has a less amount of 
clotting factors or defective clotting factors. In this 
experiment, chemicals were used to simulate the 
coagulation of blood. Solutions of sodium alginate and 
calcium chloride represented the factors in this process. 
Alginates are made from seaweed and form gel-like 
substances. The sodium alginate represents the blood and 
the calcium chloride represents the clotting factors that 
eventually coagulate the blood. Within the chemical 
reaction, calcium alginate is formed, which is the blood 
clot.  

Hypothesis 

If the blood has a pH lower than 7, or more acidic, then 
the clots formed will result in a smaller size. 

Procedure 
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1. To make a sodium alginate solution, add 200 mL of 
cold tap water and 3.3 grams of sodium alginate into a 
blender. Blend this solution. Then, add five drops of food 
coloring to  

another 200 mL of cold tap water. Add this solution to the 
blender and blend again.   

2. Then, separate the solution into seven beakers, with 25 
mL of sodium alginate solution in each beaker. Label the 
beakers 1-7. Add the necessary hydrochloric acid and 
sodium hydroxide to each beaker to have a variation in pH 
levels. Use a pH meter and record results for each beaker.  

3. To make the calcium chloride solution, add 1.3 grams 
of calcium chloride to 240ml of water and mix. Separate 
this solution into seven beakers, with 30 mL in each.  

4. For each sodium alginate solution, pipette it into the 
calcium chloride solution. Observe the formation of the 
balls or “clots” and record results in the table. Take 
pictures if needed.  

 a. The tip of the syringe should be around 8–13 
cm (3–5 inches) above the surface of the solution. 

 b. Let the drop sit in the solution for 60 seconds 
(sec); the timing is important. 

 c. After 60 sec, try to use a clean spoon to scoop 
the ball out of the solution, taking care to scoop as little of 
the solution out as possible without damaging the ball. 

5. After taking out the ball, place it on a flat surface and 
measure it with a ruler at to compare sizes. Record results.  

Results 

The pH levels were varied from acidic, neutral, and basic. 
Solution 1 had a pH of 10.1 and remained the constant of 
this experiment. When added to the calcium chloride 
solution, the clots were about 0.5 centimeters. Solution 2 
had a pH of 2.7, with 350 drops of hydrochloric acid to 
make it acidic and resulted in no clots formed. Solution 3 
had a pH 4.6, with 70 drops of hydrochloric acid, and also 
resulted in no clots forming. Solution 4 was neutral and 
had a pH of 7, with 10 drops of hydrochloric acid since 
the constant was 10.1. This resulted in clots with a size of 
0.6 centimeters. Solution 5 had a pH of 9 with 2 drops of 
hydrochloric acid, which is more basic. This resulted in a 
0.4 centimeter clot. Solution 6 had a pH of 12 from 3 
drops of sodium hydroxide and produced clots with a size 
of 0.3 centimeters. The final solution, Solution 7, had a 
pH of 13.4 with 112 drops of sodium hydroxide, and 
produced clots that were 0.8 centimeters. Overall, the 

neutral and basic solutions produced clots for wounds, 
while the more acidic solutions produced no clots. Below 
is a table of all the data collected.  

 

 

 

 Amount of Acid/Base  

Dropped 

pH 
level 

Length  

(centimeters) 

Solution 1 Nothing added 

 (constant) 

10.1 0.5 cm 

Solution 2 350 drops of  

hydrochloric acid 

2.7 N/A  

(nothing 
formed) 

Solution 3 70 drops of  

hydrochloric acid 

4.6 N/A  

(nothing 
formed) 

Solution 4 10 drops of  

hydrochloric acid 

7 0.6 cm 

Solution 5 2 drops of  

hydrochloric acid 

9 0.4 cm 

Solution 6 3 drops of sodium 

 hydroxide 

12 0.3 cm 

Solution 7 112 drops of sodium 

 hydroxide 

13.4 0.8 cm 
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Conclusion 

The coagulation of blood is an important process of 
ensuring that a wound heals. It is also known as 
hemostasis, which is a three step process that includes 
vascular spasms, platelet plugs, and the clotting of blood. 
However, the lack of clotting can lead to disorders such as 
hemophilia that can be life threatening. Hemophilia is due 
to the lackluster amount or defective clotting factors. The 
importance of this experiment was to further understand 
how clotting factors and other conditions of the body 
affect the healing process of wounds, and how knowing 
this information could prevent the dangers that come with 
blood disorders and other conditions.  

The question the group was trying to solve was if the level 
of pH of the blood affects the coagulation or clot that is 
formed. Our hypothesis was if the blood has a pH lower 
than 7, or more acidic, then the clots formed will result in 
a smaller size. The experiment begun by making a sodium 
alginate solution. We combined 200 mL of cold tap water 
with 3.3 grams of sodium alginate, blended it, then added 
another 200 mL of water of 5 drops of food coloring. 
Then, we separated the solution into 7 beakers and varied 
the pH of each solution by using hydrochloric acid to 
make it more acidic and sodium hydroxide to make it 
more basic. We then added each of the sodium alginate 
solutions to a calcium chloride solution to witness 
coagulation. The measurements were taken with a ruler to 
compare the size of the clot based on the different pH 
levels. To ensure the measurements were equally taken, 
we allowed the solution to remain in the calcium chloride 
for 60 seconds and dropped the solution above the 
calcium chloride by 8-13 centimeters. The main risk of 
this project came from the acids and bases used. As 
warned by our mentor, hydrochloric acid is corrosive and 
damaging when it comes in contact with the body. In 
addition to this, sodium hydroxide is just as corrosive and 
cause severe burning. In order to analyse the data, the 
group created a line graph to compare the sizes of each 
solution due to the variation in pH levels. We also created 
a table to better visualize the data and record our 
measurements.   
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Abstract 

Acid reflux occurs when the lower esophageal sphincter does not close all the way after food 
passes through it, causing the stomach acid to rise up into the esophagus. Heartburn, the most 
common side effect of acid reflux, is the burning sensation felt in the chest, as a result of the 
rising acid in the esophagus. Heartburn can be treated with natural antacids or with over-the-
counter antacids. During our experiment “The Effectiveness of Natural vs. Artificial 
Antacids”, different types of antacids were tested to determine which was most effective in 
neutralizing the pH level of the hydrochloric acid, or stomach acid. 3g of cinnamon, turmeric, 
and ginger were measured out, as well as one tablet of Gaviscon, Tums, and Prilosec. Each 
was placed in a beaker containing 50 mL of water and the pH was measured. 3g of each 
natural antacid and one tablet of each of the synthetic antacids was once again measured out 
and placed in a beaker with 50 mL of hydrochloric acid. The synthetic acids had the greatest 
effect on the pH of the HCl; they more effectively neutralized the acid. However, the natural 
antacids still proved to be an effective remedy for heartburn. The Tums had the greatest 
impact on the pH, however it was too potent and brought the pH up to an unhealthy range of 
3.64, while the normal range for stomach acid is 2-3. The Prilosec had the smallest impact on 
the acid, as it is a delayed-release medication and was not able to neutralize the acid in the 
time before the pH was measured. 

 

Introduction 

Acid reflux occurs when the lower esophageal sphincter 
(LES), a valve at the entrance to the stomach, does not 
close all the way up after food passes through it or if it 
opens up too much. This causes acid in the stomach to rise 
up into the esophagus. One of the most common side 
effects of acid reflux is heartburn, when stomach acid 
backs up into the esophagus. According to Mayo Clinic, 
up to 60 million Americans report symptoms of acid 
reflux or heartburn monthly, but luckily there is a plethora 
of over-the-counter and natural treatments for acid reflux 
symptoms, or heartburn. Antacids are the most common 
OTC medication for heartburn, for they neutralize 
stomach acid and provide fast-acting relief. Many antacids 
contain ingredients like calcium carbonate and sodium 
bicarbonate. In place of OTC medication for heartburn, 
one can turn to natural remedies, like the consumption of 
ginger, turmeric, and baking soda. The purpose of this 
experiment was to investigate if OTC medications were 
more or less effective than naturally occurring antacids in 

treating heartburn. During the experiment, different types 
of antacids, both OTC and natural, were tested with 
samples of hydrochloric acid to determine which was 
more effective in neutralizing the pH of the acid, relieving 
the symptoms of heartburn.  

Hypothesis 

The synthetic antacids will prove to be more effective at 
combatting heartburn than the naturally occurring 
antacids. 

Procedure 

50 mL of water was poured into three 250 mL beakers. A 
piece of plastic wrap was cut and was placed over the 
electronic balance. 3g of ground ginger was measured 
using the electronic balance and placed in a beaker with 
the water. The mixture was stirred until the ginger was 
evenly dispersed in the water. 3g of turmeric was 
measured and placed in the second beaker with the water. 
The mixture was stirred thoroughly until it was fully 
mixed. 3g of cinnamon was measured out and then placed 
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in the last beaker with the water; the water and cinnamon 
were stirred until the cinnamon was evenly dispersed in 
the water. The substances were left untouched for 5 
minutes, and then the pH of each  

mixture was measured using a pH balance. The pH was 
measured in 2 trials, and the average pH was calculated. 
the meter was placed in a separate cup of water to 
calibrate the pH meter. All data was recorded. The 
beakers were rinsed out with water. The pH meter was 
placed in a separate cup of water to test the pH of the 
water. 50 mL of Hydrochloric acid was added to each of 
the three beakers. 3g of ginger was added to the first 
beaker with the HCl and the mixture was thoroughly 
stirred. 3g of turmeric was added to the second beaker, 
and 3g of cinnamon was added to the last beaker, and both 
mixtures were stirred. The substances were left untouched 
for 5 minutes, and then the pH of each mixture was 
measured with the pH meter twice to gain the most 
accurate reading. The meter was calibrated in between 
each trial. The beakers were rinsed out with water. 50 mL 
of water was added to each of the three beakers. One 
tablet of Prilosec OTC was ground into a fine powder 
using the mortar and pestle, and the powder was poured 
into the first beaker. A tablet of Tums was ground up and 
poured into the second beaker. A tablet of Gaviscon was 
ground up into a powder and was poured in the last test 
tube. All mixtures were thoroughly stirred. After 5 
minutes, the pH of each substance was measured twice; 
the beaker was calibrated in between each test. The three 
beakers were rinsed out with water, and then 50 mL of 
HCl was poured into each beaker. The pH of the HCl was 
measured and recorded. A tablet of Prilosec OTC was 
ground up and poured into the first beaker. A ground up 
tablet of Tums was added to the second beaker and a 
ground up tablet of Gaviscon was added to the third 
beaker. The mixtures were mixed thoroughly. The 
mixtures sat for 5 minutes and then the pH of each 
mixture was measured and recorded. All beakers and 
equipment were rinsed off with water and the acid was 
properly disposed of. All data was recorded in the data 
table.  

Results 

The data proves that while both the synthetic and natural 
antacids were effective at neutralizing the hydrochloric 
acid, the synthetic antacids were slightly more effective, 
because they better neutralized the acid. The Tums, while 
seeming to be the best solution to combat heartburn due to 
the calcium carbonate, were too potent because they 
raised the pH of the HCl to an unnatural and unhealthy 
range. The acid in the stomach has a normal pH of 2-3, 

but the Tums made it 3.64. In the experiment, the Prilosec 
was the most ineffective, due to the fact that it is a 
delayed-release antacid, meaning it does not work 
immediately, and the pH was recorded only a few minutes 
after placing the antacid in the HCl. Common ingredients 
in OTC antacids that allow them to be as effective as they 
are include, but are not limited to, sodium bicarbonate, 
calcium carbonate, aluminum hydroxide, and magnesium 
hydroxide. Many naturally occurring antacids contain 
lower doses of these compounds, allowing them to 
neutralize stomach acid. 
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Solution Trial 
1 

Trial 
2 

Average 
pH 

Difference 
in pH vs. 
HCl 

Water (H2O) 7.04 6.99 7.02 n/a 

Hydrochloric 
Acid 

1.96 1.99 1.98 n/a 

Turmeric 
with H2O  

6.60 6.70 6.65 n/a 

Ginger with 
H2O 

5.01 4.98 5.00 n/a 

Cinnamon 
with H2O 

5.80 5.50 5.65 n/a 

Turmeric 
with HCl 

2.16 2.19 2.18 0.2 

Ginger with 
HCl 

2.09 1.95 2.02 0.04 

Cinnamon 
with HCl 

2.06 2.15 2.11 0.13 

Gaviscon 
with H2O 

6.69 6.83 6.76 n/a 

Prilosec with 
H2O 

6.95 7.02 6.99 n/a 

Tums with 
H2O 

6.99 7.01 7.00 n/a 

Gaviscon 
with HCl 

2.22 2.16 2.19 0.21 

Prilosec with 
HCl 

1.94 2.03 1.99 0.01 

Tums with 
HCl 

3.57 3.71 3.64 1.66 
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Abstract 

Detecting rare cell types would allow early disease detection of cancers and infections, 
identification of new cell types, and a deepened understanding of cell differentiation. We 
developed a universal algorithm to identify rare cell types from a wide variety of single-cell 
'omics' data. We validated our algorithm on single-cell qPCR data from mouse hematopoietic 
cells and single-cell RNA-seq data from human glioblastoma tumors cells, both with 
expression values from an ample number of genes. We then applied our algorithm to seq-
FISH data from mouse hippocampus cells containing expression values from only 121 genes. 
Our algorithm detected rare cell types including a putative new hippocampal cell type. 
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Abstract 

 
This project was conducted to find out how acid rain affects the growth of sunflower plants. 
This project as carried out by watering the plants with water of different pH acidic level. The 
release of nitrogen and Sulphur dioxide by factories and vehicles is one of the main causes of 
acid rain. These gases combine with water vapor in the sky and turn into sulfuric and nitric 
acid. They are then returned to the surface during rainfall. Because of the low pH level of this 
rain water, it is called acid rain. Acid rain does not fall at the place where the water vapor that 
forms the acid rain the first place, was released into the atmosphere. The water vapor may 
travel over long distances for days and weeks, depending on the directions and intensity of 
the wind, and finally fall somewhere far away, perhaps in a country. Rain water normally has 
a pH of around 6.0. However acid rain is able to reach a pH of between 4.0 and 5.5. Acid rain 
has serious effect on plants and vegetables and has serious effects plant roots that causes 
stunted growth and even kill the plants. Nutrients in soil are destroyed and the micro-
organisms that help produce these nutrients are killed by acid rain. The plants that survive are 
usually very weak and vurnable so us as humans must start taking care of our planet Earth 

 

 

 
 


