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Editor’s Note 

 

 I like to keep the tone civil and engaging in my classroom, and so I often encourage lively 

discussion amongst my students.  The topic may be as benign as why one multiple-choice answer is better 

than another; however, sometimes it can be something emotionally charged or even political.  Climate 

change and evolution come to mind as discussions that have become somewhat more than sprightly in the 

past.  I like it when this kind of thing happens, though.  It’s my considered opinion that education lives in 

that place where to ideas rub together.  If we never have our thoughts challenged, how do we really know 

what we think or believe?   

 One phrase that always tends to come up, especially when students sense that they are being 

backed into a rhetorical corner, is that “everyone has the right to their own opinion,” or “freedom of 

expression is right there in the constitution.”  It’s interesting to hear students say this, because as far as I 

can tell, neither of those statements are always necessarily true.   

 Let’s begin with the easier one to deal with, the “freedom of expression” argument.  Broken down 

to its essence, it’s basically “I’m an American, and the constitution says that I can say whatever I want.”  

The first amendment does say that “congress shall make no law…abridging the freedom of speech.”  But 

let’s recall that the Supreme Court gets to interpret the constitution.  And thrice they have ruled on free 

speech in public schools.*  The three cases created tests known as the Tinker standard, the Frasier 

standard and the Hazelwood standard, which the court has applied to determine how “free” speech in 

schools is.  In brief, the court decided that schools may limit what students can say if the speech can be 

reasonably expected to cause significant disruption to the educational process or infringe on other 

students’ rights.  First amendment rights can also be abridged if it is in the school’s best pedagogical 

interest to limit vulgar or lewd speech for the purposes of teaching about social boundaries.  Finally, 

student publications can be limited, again in the interest of legitimate pedagogical concern for the 

education of the students.   

 That’s fairly straightforward.  Schools, and by extension teachers, have the right to limit the 

speech of students for solid educational reasons.  But the other statement is more vexing.  Does the first 

amendment or any of these court cases deal with a person’s opinion?  It’s not explicitly stated.  I posit, 

however, that just because you can open your mouth to speak does not entitle you to an opinion.  We 

should, instead, teach students that “everyone is entitled to an informed opinion.”  If you are not a 

scientist or someone who has researched global climate change or evolution, you don’t automatically get 

an opinion on such things.  Just because you can talk about them doesn’t mean you should.   

 It’s a dangerous thing to suggest that an opinion is a right, like free speech.  Just because you 

don’t “believe” in the observable reality of our universe, for instance that the climate of our planet is 

changing, doesn’t make it (a) stop changing or (b) less real.  It’s dangerous because strictly scientific 

ideas get “debated” as if there was something to debate.  What are science teachers to do?   

 We must champion critical thinking and a solid knowledge base from which informed opinions 

can spring.  We must remind students that freedoms are built upon the expectation of responsibility for 

what you say or do.  And we must continue to educate students about the reality of our world and how to 

find out what’s really going on.  It’s wonderful to see students in this Journal use the scientific process to 

create knowledge about the world and, I hope, apply the same process to their lives in constructive ways.  

  

D.M.S. 

2015 

Ithaca, NY  

 

*A good review of these three cases can be found here: 

http://www.firstamendmentschools.org/freedoms/faq.aspx?id=12991 

http://www.firstamendmentschools.org/freedoms/faq.aspx?id=12991
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THE EFFECT OF SUNLIGHT-EXPOSED 

WATER AND MICROWAVE-TREATED 

WATER ON THE GROWTH AND 

GERMINATION OF VIGNA RADIATA  
 

Andrea Rosanelle V. Cadornigara, Grade 11, Queens High School for the Sciences at York 

College, Jamaica, NY 

 

ABSTRACT 

 

 The use of Bisphenol A (BPA) has set course to an alternative way to create water 

bottles. BPA was discovered to leach into food or water from the protective internal epoxy resin 

coatings in the containers that hold consumer products. Factors such as exposure to sunlight and 

high temperatures are some of the causes of BPA leaching. Due to this reason, a safer alternative 

called polyethylene terephthalate (PET) has been used to attempt to fix the problems with 

harmful substances that migrate to the water. Many claims had been made that PET, unlike BPA, 

does not contain or leach estrogen-like chemicals, is non-carcinogenic, and has been shown to be 

recyclable. This study observed the germination and growth of Vigna radiata, commonly known 

as mung beans, when grown with water that had been irradiated in plastic bottles. The exposure 

to UV light (sunlight) and microwaves will act as the factors for leaching of the PET into the 

water. During early growth, mung beans grown with water that had been exposed to UV light 

and microwaves in plastic bottles had about the same height as the mung beans in purified water. 

Ultimately, the mung beans in purified water grew to have the tallest stems. This meant that 

exposure to water that has been radiated with electromagnetic radiation in plastic bottles affected 

growth of the plants to a certain extent.   

 

INTRODUCTION 

 

Plastic bottles are very convenient and have become the easiest way to transport water. 

These bottles are handy, easily stored, and can even be recycled to help the environment; 

however, it is not recommended for plastic water bottles to be exposed or stored in direct 

sunlight because “leaching [of phthalates] is most likely to happen if the container is exposed to 

sunlight under warm conditions” (Sax, 111). The most common material used for these bottles is 

polyethylene terephthalate (PET), a food-grade plastic approved by the United States Food and 

Drug Administration for food container use. Deemed safe for everyday use, PET water bottles 

may seem benign, but they have shown to have some harmful effects when exposed to heat and 



4 
 

ultraviolet light (Bach et. al, 2013). It is not because of the material that is used, but because of 

the conditions that it is under. 

PET is used as a substitute for another material that has been used to create plastic 

bottles, known as Bisphenol A (BPA). This is the organic compound 2,2-(4,4′-

dihydroxydiphenyl) propane, 4,4′-isopropyllidenediphenol, which was originally used to create 

polycarbonate plastics and epoxy resins (Huang et. al, 2012). Aside from being used for plastic 

water bottles, BPA has also been used for everyday equipment, furniture, toys, and food storage 

containers. Reports of leaving water bottles in a car during a hot day have circulated to become 

harmful for human consumption, leaving researchers to re-evaluate the use of BPA not only for 

water bottles, but for everyday products.  

The National Toxicology program had made a claim that due to BPA, there was “some 

concern for effects on the brain, behavior, and prostate gland in fetuses, infants, and children at 

current human exposures.” It has been a concern that exposure to BPA will affect these areas and 

inhibit certain body processes, such as those that develop during puberty and during pregnancy.    

It has been discovered that compounds such as formaldehyde and acetaldehyde, known as   

non-intentionally added substances (NIAS), migrate from contact food materials. This movement 

from the plastic material to water is thermally activated, meaning it happens when the material is 

exposed to heat (Bach et. al, 2012). Additionally, a 2007 study by Mittag and Simat showed 

evidence that 98% of the toxicity evidenced by several epoxy coating migrates was due to NIAS 

and/or reaction products. If regular coating was proven to be toxic, how much more toxic can 

water be when it is exposed to these substances and consumed? 

The aim of this study was to determine the effects of sunlight-exposed water and 

microwave-treated water on the germination and growth of Vigna radiata, more commonly 

known as mung beans. The mung beans used were grown in Rockwool over the course of 10 

days to observe the effect of exposure to two electromagnetic waves, i. e., ultraviolet and 

microwave, on its germination and growth. Water bottles made from PET were exposed to UV 

light and microwaves in order to determine whether harmful chemicals would migrate into the 

water and in turn damage the mung beans when they are watered. By choosing only a short 

amount of time, the effect of exposure can be clearly demonstrated by the way the mung beans 

germinate, the time taken to germinate, as well as the quality and size of the plant stem and 

leaves. To help increase the precision and keep the consistency of the experiment, Rockwool was 

used as the medium for growing the mung bean plants, which ensured that the plants would not 

be washed off when watering and that their roots will not crowd around each other.   

Rockwool is a chemically-inert mineral fiber that is made from melted basaltic rock that 

is compressed and then made into large slabs. The rock is melted into fluid lava and then 

dropped into disks that rapidly rotate in order to create Rockwool fibers. “The speed of the 

rotating disks, the temperature and the composition of the raw material determine the length and 

thickness of the fibers.” (De Rijck et. al, 1998). Diabase is usually the main material of 

Rockwool, but it can also be made from left-over slag from the smelting process (Dowgert, 

undated). In high quality Rockwool, the mineral oils are removed during manufacturing, and 
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instead, mineral wetting agents are added in order for the Rockwool to become wet easily and 

retain water. The material can be easily soaked but does not remain in that state due to drainage. 

Rockwool has been used for thermal and acoustic insulation, as well as reinforcement for 

synthetic materials. It had not been thought of as a medium for growing plants until it was 

modified at the end of the 1960s in Denmark (De Jaeger, 1987).     

 

MATERIALS AND METHODS 

 

 Materials and Water Preparation. The materials needed for the experiment were three 

12.7 cm x 10.16 cm x 4 cm Rockwool slabs, three 23.4 cm x 18.8 cm x 6.8 cm glass trays, 60 

mung beans, 30 purified water bottles, a microwave, and a measuring cup. First, 250 mL of 

purified water was microwaved in a ceramic mug for five minutes and then left to cool to room 

temperature for one hour. It was then put back into the plastic bottle to be used for watering. 

Lastly, a water bottle of purified water was exposed to sunlight from 7 AM to 5 PM.   

 Set-up. Firstly, the Rockwool was trimmed so that 

its dimensions could fit inside the glass tray. A hole with a 

depth of one centimeter was bored into the Rockwool, in 

the middle of a 2.54 cm x 2.54 cm section designated for 

each seed. There were 20 holes made in each of the 

Rockwool slabs, making a total of 60 holes for each of the 

mung beans. The Rockwool slabs were put in the glass 

trays, labeled “Sunlight-Exposed Water,” “Microwave-

Treated Water,” and “Purified Water.” One mung bean 

seed was then put into each of the holes, pushing each of 

the seeds downward slightly in order to fit inside the hole. 

On the first day, the Rockwool was thoroughly soaked 

with purified water following the instructions found on the Rockwool package and then left 

outside in the backyard. For the next consecutive days, the plants were watered according to their 

labels, using 250 mL of each 

kind of water. The plants were 

observed for plant growth 

every afternoon.  
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RESULTS 
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Table 1 shows that the mung beans treated with purified water achieved the greatest mean 

height (64.20 mm) after 10 days, while the mung beans treated with microwave-treated water 

achieved the lowest mean height (56.50 mm). Mung beans treated with sunlight exposed water 

achieved a mean height of 62.75 mm after 10 days.                                                                                              

Results showed that microwave radiation affected the growth of mung beans since the 

mean height was evidently lower than the mean height of mung beans treated with purified 

water. Results of the One-Way Analysis of Variance in Table 3 showed that the difference 

among the mean heights of plants was statistically significant (0.013 alpha level). The Tukey 

HSD post hoc test results in Table 4 also showed that the mean heights of mung beans treated 

with microwave-treated water were significantly different from the mean heights of mung beans 

treated with purified 

water (<0.05 alpha 

level). As a post hoc 

test, the Tukey HSD is 

automatically generated 

to specifically determine 

the significant difference 

between test means with 

each other whenever the 

One-Way Analysis of 

Variance indicated the 

existence of a significant 

difference among the 

test means.  

The One-Way Analysis of Variance on the other hand, showed that the mean height 

(62.75 cm) of mung beans treated with sunlight-exposed water was not significantly different 

from the mean height (64.20 cm) of mung beans treated with purified water. Although the One-

Way Analysis of Variance showed an alpha level of 0.013 to signify significant differences, the 

Tukey HSD post hoc test showed no significant difference in the mean heights of plants treated 

with sunlight-exposed water and with purified water (>0.05 alpha).   

The Tukey HSD post hoc test also showed that the mean heights of mung beans treated 

with sunlight-exposed water and microwave-treated water were not statistically different (>0.05 

alpha). The seeds in all three set-ups did not germinate until the fifth day. After the fifth day, 12 

seeds treated with sunlight-exposed water germinated, 10 seeds treated with microwaved water 

germinated, and 14 

seeds treated with 

purified water 

germinated. Only those 

seeds that had 

developed leaflets 
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were considered to have germinated. Although the setup that received the purified water showed 

the greatest number of germinated seeds (14), and the setup that received the microwave-treated 

water showed the lowest number of germinated seeds (10), the One Way Analysis of Variance 

showed no significance in the differences in the number of germinated seeds (0.449 alpha level).   

   
 

 
 

 
 
 
 
 
 

Figure 3. The Sunlight-Exposed 
                Group at Day 10. 
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DISCUSSION 

 

 While the mean height of mung beans treated with microwaved water was statistically 

different from the mean height of mung beans treated with purified water, the mean height of 

mung beans treated with sunlight-exposed water was not statistically different from the mean 

height of mung beans treated with purified water.  This shows that the water that was exposed to 

microwave as a form of electromagnetic radiation affected the growth of the mung beans as 

shown by a significantly lower mean height compared to the heights of plants in the purified 

water setup.   Although the water that was exposed to sunlight also showed an effect on the 

plants growth as shown by the mean height that was lower than the mean height of plants in the 

purified water setup, their mean heights are not significantly different.    

 Sunlight, being a visible form of electromagnetic radiation, is necessary for the growth of 

plants through photosynthesis. Microwave, on the other hand, has a much longer wavelength 

than sunlight.  Microwave has wavelengths ranging from 109 - 106 Angstroms while sunlight has 

wavelengths ranging from 7000 – 4000 Angstroms only (The Electromagnetic Spectrum, 

undated).  

 The number of germinated seeds in all the test set-ups, namely, purified water, 

microwave-treated water, and sunlight-exposed water, was the same after five days. The growth 

of the seedlings, though, showed differences in their final mean heights after 10 days. Because 

the mean height of plants in the microwave-treated water setup was the lowest among the three, 

it showed that microwave has affected the water in a way that, in turn, caused the significantly 

lower heights of plants  

 The mean height of plants in the sunlight-exposed water setup was also lower than the 

mean height of the purified water setup. This shows that sunlight has affected the water inside 

the plastic water bottle in a way that it did not allow the plants to grow in the same height as the 

plants in the purified water set-up.   

Plant growth, expressed as mean height, was different among the water set-up. Using 

purified water in a control setup, it was readily observed that the microwave-treated and 

sunlight-exposed water both showed an observable effect in the mean height of the plants in their 

respective setups.  

Microwave-treated water and sunlight-exposed water caused the seedlings to achieve 

lower mean heights compared with the seedlings in the purified water setup. After 10 days, the 

growth was statistically different between the microwave-water setup and the control setup. Only 

the electromagnetic radiation in the form of microwave showed a significant effect on the growth 

of mung bean seedlings. Since this statistically significant difference in the growth of seedlings 

occurred between the control setup and the microwave-treated water setup only after the 10th 

day, it can be concluded that prolonged exposure to microwave-treated water caused a significant 

decrease in the growth of seedlings. 

 This experiment has only observed the effects of exposure of electromagnetic radiation 

on germination and early growth of mung beans. This study can be further enhanced by studying 
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the same effects but continuing unto a more developed stage of the plant. Additionally, this study 

only looked at the extrinsic characteristics of the plants, such as height and size of leaves. To 

extensively study the precise effects of electromagnetic radiation on the growth of plants, onions 

could be grown instead of mung beans. Onions are commonly used to examine plant cells from 

even a small sample of its skin. In this possible future study, the skins of the onions exposed to 

the same type of radiation could be examined after a certain period of time, longer than the 

allotted original 10 days for the experiment. This would allow for a much clearer illustration of 

the extent of damage that sunlight and microwaves could have on not only developing plants, but 

plants in different stages of growth.    
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THE EFFECT OF A DEFICIT OF MEDICAL 

HEALTH SERVICES ON YOUTH VIOLENCE 

 

Gladys Obaji, Grade 12, Queens High School for the Sciences at York College, Jamaica, NY 

 

ABSTRACT 

 

A disproportionate number of violent crime arrests involve young people and youth 

violence altogether has contributed immensely to the high morbidity and mortality rates among 

the youth. Youth violence has become a prevalent issue in today’s America with a myriad of risk 

factors such as depression, issues at home, substance use and more. Studies have shown that 

many teens especially African Americans and Hispanics are deprived of services that can 

ultimately suppress these risk factors. The purpose of this project is study whether lack of such 

services is actually a contributor to increased youth violence. In order to carry out this study, 

both online and paper surveys were given out to people regarding health service availability in 

their neighborhood, personal history of violence, health service awareness and etc.  The data was 

received and analyzed. After careful analysis, it was concluded that low income African 

American and Hispanic households had the least access to health services that can adequately 

help those in danger of committing violent acts. A shortage of alcohol/drug treatment centers and 

psychiatric centers was also a growing concern because majority of mentally ill and drug abusers 

were reported to have had a history of violence with drug abusers getting insufficient help. 

Overall, programs and initiatives that promote the building of treatment centers and community 

awareness are recommended. 

 

INTRODUCTION 

 

   A disproportionate number of violent crime arrests involve young people.  Although only 

representing about 8% of the US population, youth under the age of 18 account for almost 16% 

of violent crime arrests (Federal Bureau of Investigation, 1999).  Youth violence has become a 

prevalent issue in today’s America and remains a significant reason for the high morbidity and 

mortality rates among youth. In the past there have been many programs put in place that have 

tried to decrease youth violence. These programs have only helped to drop the amount of 

homicides committed by youth while the amount of arrests and self-reports for violent behaviors 

have increased (Kelley, 2003).  

   After the Columbine High School shooting, people began to correlate mental illness and 

violent behavior. Many psychiatrists, particularly those working in emergency or acute care 

settings, report direct experiences with violent behavior among the mentally ill. In Canada, for 

example, where violence in the population is low relative to most other countries, the majority of 
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psychiatrists involved in the management and treatment of violent behavior, with 50% reported, 

have been assaulted by a patient at least once (World Psychiatry, 2003). As a result, teens with 

mental illness are normally subjected to police authority due to lack of support services available 

to them. Although there may exist a correlation between mental illness, it is not the sole 

contributor to youth violence. Various events such as the Columbine Shooting have warped the 

public’s view that mentally ill people are aggressive. However, with proper diagnosis, treatment 

and available support systems, people living with mental illness are not very violent at all. 

Research consistently shows that 70% of youth involved in state and local juvenile justice 

systems throughout the country have a mental illness, with at least 20% experiencing symptoms 

so severe that their ability to function is significantly impaired (Blueprint for Change, National 

Center for Mental Health and Juvenile Justice, 2006). Those with the most serious illnesses are 

suicidal, psychotic and require immediate psychiatric care. Not only are the mentally ill labeled 

inaccurately but many, particularly African Americans and Latinos, are not provided with the 

necessary services to help them. The unavailability of these services may contribute to public 

opinion that mental illness is directly associated with violence. 

  A recent study on mental illness and violence, “The intricate link between violence and 

mental disorder: results from the National Epidemiologic Survey on Alcohol and Related 

Conditions”, demonstrated that mental illness alone does not predict or increase the risk of 

violence. The study shows that it is only when mental illness is combined with other risk 

(situational) factors such as substance use that the risk of violence increases. Other risk factors 

for increased violence include a history of juvenile detention or physical abuse, issues at home, 

unemployment, and living in poverty. Other risk factors include being young and male (The 

National Alliance on Mental Illness, 2009). Additionally, the majority of persons involved in 

violent crimes are under the influence of alcohol at the time of their aggression (Murdoch, Pihl, 

& Ross, 1990). Depression may result in violent behavior under certain circumstances. For 

example, individuals who are depressed may strike out against others in despair. After 

committing a violent act, the depressed person may attempt suicide.  

Unfortunately, taking into account many of the risk factors of youth violence, many 

perpetrators aren’t aware of or have access to health services that can best attend to their needs. 

If services such as psychiatric centers, alcohol and drug treatment centers, clinics, rehabilitation 

centers and much more are not provided to residents these risk factors will continue to proliferate 

and escalate into violence. Several impoverished communities such as Jamaica, Queens; Hunt’s 

Point, Bronx and Gun hill, Bronx (chosen areas of investigation) are often neglected and possibly 

deprived of support systems necessary to help residents suppress these risk factors leading to 

higher crime rates. This research studies the effects of lack or inadequate supply of certain 

medical health services. Hopefully, the data analyzed will allow for further steps in attempting to 

implement such services and decrease the risk factors of youth violence in various communities.  

A lack of medical health services leads to increased risk of violence because perpetrators 

who may be suffering from depression, mental illness or drug addiction do not have sufficient 

access to the help they need.  
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METHODS 

    

  To collect data, paper surveys were disseminated to friends, family members and people 

in the neighborhood, particularly the youth. Additionally, electronic surveys were disseminated 

to friends and family on several social networks such as gmail and Facebook. A scale of 1-5 was 

chosen in case surveyors fell in between the lines of a question. The results needed to be as 

accurate as possible; so there was no penalty for non-extreme answers (1 and 5).   

The link to the survey was also posted publicly for anyone who was interested in taking 

the survey. The target population was, but not limited to, the youth (13-23 years of age). 

However, adults were still able take the survey in the case where they knew people who were in 

depression, mentally ill or addicted to drugs and are able to provide valuable information to 

questions such as: “If you know anyone who is mentally ill, has he/she had a history of 

violence?” and “Is the person getting adequate help?”. Ultimately, these responses were used for 

further analysis on Excel. The results needed to be as accurate as possible; so there was no 

penalty for non-extreme answers." 

 

RESULTS 

 

Health Service Availability vs. Prevalence of Youth Violence vs. Personal History of 
Violence by Borough 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: In Queens many residents voted that there was an inadequacy of health services in their 

community which also correlated positively with their belief that there was a moderate to high 

prevalence of youth violence. Most of those who stated that they had a history of violence also 

lived in Queens. In Bronx there was also a positive correlation between inadequate health 

services and prevalence of youth violence. n=109 
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Figure 2: Amongst those who reported personally that they had a history of violence, majority of 

them also reported that they were either not aware or inadequately aware of the health services 

available to them in their neighborhood. n=17 
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Figure 3: This data is quintessential evidence for our project for the simple fact that almost half 

the surveyors knew someone who abused drugs or alcohol. Majority of those who were reported 

also had a history of violence and more than 70% were not getting adequate help. Many of the 

surveyors also rated the quality of care given to them as insufficient (rate of 1). n=53 
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Figure 4: A majority of those who were surveyed have had a history of violence. However, 

majority believed that the individual reported received adequate help. 54% reported Yes, and a 

decent amount of surveyors (35%) reported No. n=58 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 5: A majority of those who experienced trouble at home had a history of violence (52.9%). n=109 
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Figure 6: Surveyors reported an abundance of clinics and hospitals in their neighborhood. 

However, a significant shortage of alcohol and drug treatment centers, nutrition programs and 

psychiatric centers were also seen. n=109 

 

DISCUSSION 

 

Based on the data, a lack of medical health services and awareness is a contributing factor 

to increased violence among youth, supporting the hypothesis. Surveyors that reported that they 

knew someone who was mentally ill, abused drugs or experienced trouble at home also reported 

that majority of them had a history of violence and those who abused drugs were not getting 

adequate help. Additionally, among the services available to the residents, there was a shortage 

of psychiatric centers, rehabilitation centers and alcohol and drug treatment centers in most 

neighborhoods which is significant because it substantiates the inadequate help drug and alcohol 

users receive. For those who had a personal history of violence, a high percentage of them were 

not aware of the health services available to them in their neighborhood which may have 

ultimately contributed to violent behavior in the past.  

Ultimately, society needs to do something in order to increase the amount of 

rehabilitation centers, psychiatric centers and alcohol and drug treatment centers in 

underrepresented communities in both the Bronx (Gun hill and Hunt’s Point) and Queens 

(Jamaica) area. Those who are mentally ill, abuse drugs, experience trouble at home and are in 

depression need adequate help. Youth violence has various factors and it is up to society to 

suppress these factors before another massacre due to youth violence takes place. 
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PROGRAM FOR CHANGE 

 

From the data received, it was shown that most low income families did not have 

sufficient health services and there was a shortage of alcohol and drug treatment centers, 

rehabilitation centers, and psychiatric centers. Council members of each community, who will sit 

down with the residents to discuss plans of building an alcohol/drug treatment center and 

psychiatric center, need to be targeted. In the treatment center, teens or young adults who are 

battling addiction can participate in recreational activities that will keep them both busy and out 

of the streets. Organizations such as “Blueprints for Healthy Youth Development” have 

programs within the system that can act as muses for such programs that should be implemented. 

Their programs include “Life skills Training” and “Multisystemic Therapy” which target issues 

such as alcohol, juvenile delinquency and creating closer relationships with parents (Blueprints 

for Health Youth Development, 2012-2015). 

Data also showed that those who committed violent acts were not aware of the services 

available to them. Communities should also work in order to promote and advertise these 

services and programs once implemented. Those who participate in programs can also go around 

door to door as ambassadors to inform residents of the support systems available in the area. Not 

only should these be promoted but information on the dangers and causes of youth violence 

should be advertised to the public. Many people are not aware of the fact that not all mentally ill 

people are aggressive. If residents are first informed then further steps can be taken to prevent 

and decrease youth violence in various communities. 

 

APPENDIX A – SURVEY INSTURMENT 
 

1. What is your ethnicity or race? *Required 
● Black/African American 

● Asian/Pacific Islands 

● Hispanic 

● White/Caucasian 

● Other: 

2. Are you a male or female? *Required 
● Male 

● Female 

3. What age range do you fall under? *Required 
● 13-15 

● 16-18 

● 19-21 

● 22-24 

● 24+ 

4. In what borough do you live? *Required  
● Queens 
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● Brooklyn 

● Bronx 

● Manhattan 

● Staten Island 

● Other: 

5. From a scale of 1 to 5, what is the prevalence of youth violence in your area? If you do not know, skip. 

 1 2 3 4 5  

Not Much      Very Prevalent 

6. What do you believe are the reasons teens commit violence? *Required  
Check all that apply. 

● Depression 

● Mental Illness 

● Substance Use 

● Problems at home 

● Personality Disorders 

● Peer Pressure 

● Other: 

8. If you know anyone who experiences trouble at home has he/she had a history of violence? 
*Required 

● Yes 

● No 

● I do not know anyone who experiences trouble at home 

● Other: 

9. Have you had any history of violence? *Required 
● Yes 

● No 

10. How aware are you about the health services available in your community? *Required 

 1 2 3 4 5  

Not aware      Very aware 

11. Do you believe residents in your neighborhood or borough have enough access to health services in 
your area? *Required 

● Yes 

● No 

12. What type of services are available to residents in your neighborhood? *Required 
Check all that apply. 

● Psychiatric Centers 

● Rehabilitation Centers 

● Medicare/Medicaid Providers 

● Clinics 

● Hospitals 

● Alcohol and Drug Treatment Centers 
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● Community Health Centers 

● Nutrition Programs 

● Other: 

13. What is your household income? *Required 
Or parental income, if you are underage. 

● $5,000-$10,000 

● $10,000-$40,000 

● $50,000-$75,000 

● $75,000-$100,000 

● $100,000 + 

● Other: 

Mental illness 
14. Do you know anyone who has a mental illness? *Required 
       ● Yes, I know someone who is mentally ill 
       ● No, I do not know anyone who is mentally ill 
15. If yes, between what age range is the person in? 

● 12-14 

● 15-17 

● 18-20 

● 21-23 

7. If you know anyone who is in a state of depression, has he/she had a history of violence? *Required 
● Yes 

● No 

● I do not know anyone who is in depression 

● Other: 

16. If you know anyone who is mentally ill, has he/she had a history of violence? 
● Yes 

● No 

● I do not know anyone with a mental illness 

17. Is the person getting adequate help? (If you answered yes to the first question) 
● Yes 

● No 

● Other: 

18. How would you rate the quality of care? (If you answered yes to the first question) 

 1 2 3  

Insufficient    Sufficient 

Drugs 
19. Do you know anyone who abuses drugs or alcohol? *Required 

● Yes, I know someone who abuses alcohol 

● Yes, I know someone who abuses drugs 

● Yes, I know someone who abuses alcohol and drugs 
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● No, I do not know anyone who abuses drugs or alcohol 

20. If yes, between what age range is the person in? 
● 12-14 

● 15-17 

● 18-20 

● 21-23 

21. If you know anyone who abuses drugs, has he/she had a history of violence? 
● Yes 

● No 

22. Is the person getting adequate help? (If you answered yes to the first question) 
● Yes 

● No 

● Other: 

23. How would you rate the quality of care? (If you answered yes to the first question) 

 1 2 3  

Insufficient    Sufficient 
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THE EFFECT OF URBANIZATION ON HEAVY 

METAL CONTENT IN NEW YORK CITY SOIL  

 

Fatema Noor, Grade 12, Queens High School for the Sciences at York College, Jamaica, NY 

 

ABSTRACT 

 

The purpose of this investigation is to measure the heavy metal content in New York City 

soil. New York City is one of the largest cities in the world, being home to more than 8 million 

people. It is necessary to identify the quantities of RCRA elements (lead, selenium, arsenic, 

mercury, chromium, barium, cadmium, and silver) in these parks because they pose as a threat. 

These elements are known to cause deadly health complications. For example, arsenic can lead 

to arsenic poisoning and lung cancer, while exposure to lead can cause damage to blood cells, 

anemia, and calcium deficiency.  This task would be completed by collecting soil samples with a 

soil core from 5 different locations (Idle Wild Park, Oakland Lake, Bowne Park, Baisley Pond 

Park, and Meadow Lake) and analyzed the samples through an XRF machine. XRF stands for an 

X-ray fluorescence machine, and it has the capability of testing for the presence of given 

elements in a sample.  The results showed that the levels of most of these elements in the parks 

go above their acceptable limits, whether or not the parks are located near transportation ways 

which could have given off more pollution.  

 

INTRODUCTION 

 

In 1976 the US environmental Protection Agency created RCRA [1]. RCRA stands for 

The Resource Conservation and Recovery Act and it regulates hazardous waste management. 

There are 8 RCRA elements and their limits are: lead (5 ppm), selenium (1 ppm), arsenic (5 

ppm), mercury (0.2 ppm), chromium (5 ppm), barium (100 ppm), cadmium (1 ppm), and silver 

(5 ppm). These elements are found in small amounts in certain foods, poisons, industries, metal 

products, and medical equipment, but exposure to greater quantities can prove to be perilous, 

causing many health complications. Some of these complications include argyria, breathing 

disorders, brain dysfunctionality, and cancers. Specifically, for example, arsenic can lead to 

arsenic poisoning and lung cancer [2] , while exposure to lead can cause damage to blood cells, 

anemia, and calcium deficiency [3]. 

It is imperative to ensure that the soil across parks in New York City do not contain 

quantities of RCRA elements above their allowable limit, especially because this is one of the 

largest cities in the world, being home to over 8 million people. Being so densely populated, the 

threats these elements bring have a higher impact than in an area less densely populated. It is also 
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important to learn about how many essential elements the soil contains because it shows how 

well vegetation will survive there. These elements include molybdenum, zinc, copper, nickel, 

iron, manganese, calcium, potassium, and sulfur. Other elements that are important to keep an 

eye out for are radioactive elements, such as uranium, thorium, and vanadium. These elements 

can be tested for during further research.  

This study will be researching on five parks located in Queens, New York. These five 

parks are Idle Wild Park, Oakland Lake, Bowne Park, Baisley Pond Park, and Meadow Lake. 

Some of these parks are located near airports and highways which give off pollution into the 

fields and can cause them to have greater quantities of RCRA elements. [4] City officials have 

given reports on these parks and many of them are categorized as unacceptable. [5] It is 

necessary to evaluate the quality of the soil to discover any RCRA elements that go above the 

limit so we can build on this information to further learn how to fix this issue.  

The purposes of this study are to achieve the following: discover how the quantities of 

RCRA elements differ between the 5 different parks, determine if the levels of RCRA elements 

go above their acceptable limits, and conclude if there is a greater quantity of RCRA elements in 

the parks that are located by transportation ways.  

I hypothesize that Idle Wild Park and Baisley Pond Park will contain the greatest quantities 

of RCRA elements because they are located near JFK airport. Being located next to the airport can 

cause the parks to be frequently polluted by airplane emissions.  
 

MATERIALS 

 

XRF Machine, XRF Sample Cups, Sharpie, Soil Core, Soil Core Caps, Mylar, and Soil Samples 

 

METHODS 

 

The materials were gathered 

and prepared for soil collection from 

the different parks. The grass was 

removed from the chosen site and the 

soil core was inserted. After each core 

was collected, they were capped on the 

top and bottom for security. Three 

cores that are 15 centimeters each were 

collected from the same location. The 

top and bottom of the core was labeled 

with the name of the site to keep track 

of the samples and stay organized. 

These steps were repeated at each park.  
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Location Depth (cm) Pb Se As Hg Cr Ba Cd Ag

Idle Wild Park 0 7.35 ± 1.74 0 ± 0 12.83 ± 2.33 1.65 ± 3.07 169.08 ± 1.73 372.45 ± 15.00 3.6 ± 3.12 2.66 ± 2.26

Idle Wild Park 15 40.28 ± 7.04 0 ± 0 3.84 ± 5.43 2.10 ± 4.23 136.33 ± 8.80 33.05 ± 46.74 11.31 ± 3.42 5.81 ± 1.13

Idle Wild Park 30 106.63 ± 3.16 0.65 ± 0.73 4.16 ± 5.88 3.15 ± 0.81 59.47 ± 58.60 131. 86 ± 28.94 11.56 ± 2.28 6.01 ± 0.59

Idle Wild Park 45 46.53 ± 1.34 0.72 ± 0.97 2.31 ± 3.27 1.89 ± 4.75 27.75 ± 6.93 293.83 ± 41.90 10.70 ± 2.43 6.71 ± 0.74

Oakland Lakes 0 132.85 ± 11.36 0.52 ± 0.73 13.68 ± 10.05 0.04 ± 2.16 31.24 ± 5.07 1.78 ± 2.53 11.51 ± 1.65 7.38 ± 2.16

Oakland Lakes 15 53.40 ± 5.15 1.03 ± 0.97 12.66 ± 1.99 0.35 ± 2.31 27.32 ± 7.43 220.52 ± 12.01 3.22 ± 2.50 5.04 ± 2.01

Oakland Lakes 30 13.96 ± 6.75 0 ± 0 0 ± 0 3.60 ± 2.60 22.69 ± 7.88 263.54 ± 37.51 8.52 ± 3.86 5.17 ± 2.14

Oakland Lakes 45 7.09 ± 1.95 0.86 ± 1.14 2.28 ± 1.61 0.41 ± 2.58 13.06 ± 17.25 274.85 ± 6.33 5.12 ± 4.00 6.08 ± 0.70

Bowne Park 0 664.03 ± 70.92 0 ± 0 12.75 ± 17.78  - 1.63 ± 2.62 210.95 ± 10.42 132.84 ± 88.98 12.38 ± 5.45 6.34 ± 1.06

Bowne Park 15 677.31 ± 56.18 3.31 ± 2.44 22.84 ± 15.40 2.02 ± 2.26 180.71 ± 8.68 450.53 ± 162.18 14.60 ± 4.37 6.11 ± 3.52

Bowne Park 30 43.81 ± 6.53 1.69 ± 2.02 7.90 ± 5.59 3.54 ± 2.86 304.24 ± 17.12 0.83 ± 1.17 13.16 ± 5.92 8.47 ± 0.19

Bowne Park 45 19.69 ± 6.18 0 ± 0 2.32 ± 3.28 0.47 ± 2.39 53.30 ± 56.54 93.89 ± 67.16 6.86 ± 3.65 7.49 ± 2.00

Baisley Pond Park 0 14.19 ± 3.34 1.19 ± 0.09 8.85 ± 2.0 3.29 ± 4.05 133.60 ± 8.59 41.30 ± 58.41 9.59 ± 2.75 3.06 ± 0.15

Baisley Pond Park 15 41.75 ± 4.43 1.99 ± 1.49 4.42 ± 4.07 4.76 ± 3.88 53.50 ± 56.30 198.55 ± 22.06 8.67 ± 2.87 4.59 ± 1.07

Baisley Pond Park 30 45.28 ± 6.90 1.41 ± 1.03 8.93 ± 7.72  - 0.06 ± 1.18 100.87 ± 64.58 38. 69 ± 28.46 11.32 ± 2.05 6.22 ± 2.06

Baisley Pond Park 45 30.56 ± 3.78 3.51 ± 1.55 4.31 ± 3.81 3.18 ± 1.20 62.68 ± 54.59 256.89 ± 12.95 6.05 ± 2.26 3.43 ± 0.65

Meadow Lake 0 260.99 ± 12.93 0.21 ± 0.30 0 ±0 2.02 ± 0.91 51.89 ± 58.16 351.50± 15.63 5.42 ± 2.39 3.43 ± 0.41

Meadow Lake 15 386.51 ± 51.23 0.45 ± 0.64 0 ± 0  - 1.59 ± 4.26 159.83 ± 11.62 600.06±136.65 7.95 ± 0.80 5.18 ± 0.99

Next, XRF sample cups were 

prepared by brushing out soil into the 

cups from the top and bottom of each 

core. Each sample cup was labeled 

by the depth which the soil was 

collected from. There should be four 

depths: 0 centimeters, 15 

centimeters, 30 centimeters, and 45 

centimeters. Each sample cup was 

filled to the top and sealed tightly 

using mylar.  

 The XRF machine was set up 

to analyze each sample three times for 90 seconds each. After being analyzed, a data chart was 

given by the XRF machine. From this chart, only the information of the RCRA elements was 

extrapolated. Finally, from that information, the averages and standard deviations of the 

quantities of the elements were found. This data was put on graphs to easily compare and gain a 

better visual representation.  

 

RESULTS 

 

 

 

 

 

 

 

 

Table 1.  The averages and standard deviations of the quantities of all the RCRA elements 

included in this study. 

 

 

Figure 1.  Collecting soil samples with soil core. 

 

Figure 2.  Complete XRF soil samples with locations. 
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Figure 1. Idle Wild Park: RCRA Elements Vs. Acceptable Limit.  The red line on each graph 

indicates the acceptable limit for each element.   

 

Figure 2. Oakland Lakes: RCRA Elements Vs. Acceptable Limit.  The red line on each graph 

indicates the acceptable limit for each element.   

Figure 3. Bowne Park: RCRA Elements Vs. Acceptable Limit.  The red line on each graph 

indicates the acceptable limit for each element. 
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Figure 4. Baisley Pond Park: RCRA Elements Vs. Acceptable Limit.  The red line on each graph 

indicates the acceptable limit for each element. 

 

Figure 5.  Meadow Lake: RCRA Elements Vs. Acceptable Limit.  The red line on each graph 

indicates the acceptable limit for each element. 

 

CONCLUSIONS 

It was discovered that the location of the parks did not greatly affect the quantities of the 

RCRA elements that are in the soil.  This finding did not support the hypothesis. For example, in 

certain parks there was a greater quantity of a certain element then there was in a different park. 

Bowne Park had the greatest quantity of lead, which was 664.03 ppm at 0 centimeters, but it 

decreased to 19 ppm as the depth of the soil increased. Baisley Pond Park contained the greatest 

quantity of Selenium, starting from 1.19 ppm and increasing to 3.51 ppm. Idle Wild Park, 

Oakland Lakes and Bowne Park also had great amounts of arsenic. Idle Wild Park and Meadow 

Lake had great quantities of Barium in the soil, and only Idle Wild Park had an acceptable 

quantity of cadmium. As for silver, Idle Wild Park, Oakland Lakes, and Bowne Park all had 

unacceptably large quantities of this element. 
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It was also discovered that the quantity of RCRA elements in most of these parks are 

above the suitable limit. It could be said Meadow Lake is the cleanest of these parks because it 

only had an unacceptable amount of mercury, silver, and barium, but the acceptable limit of 

barium is 100 ppm and it was found in this park to be 600 ppm at 15 centimeters. There were 

also 3 radioactive elements discovered in the soil: uranium, thorium, and vanadium. Uranium 

was mostly present in Oakland Lakes, thorium in Bowne Park, and vanadium present in every 

park. This did not support the hypothesis because vanadium is given off by airplanes due to 

many steel parts of the plane and its jet engine containing vanadium [6], and but Idle Wild Park 

and Baisley Pond Park did not have the highest amounts of this element.  

Further analysis of the depth profiling graphs provides information on how specific 

elements change as the depth of the soil increases. The quantities of chromium, lead, and arsenic,  

for example, decreased in the majority of the parks as the soil depth increased. The levels of 

silver stayed relatively the same in every park, regardless of the soil depth. Regarding element 

density, Mercury, which has a high density of 10.501 [7] which could explain why it is found 

lower in the soil.  

          It is imperative that further research be conducted on these parks to ensure that these high 

amounts of RCRA elements don’t pose hazardous threats to the surrounding environments, 

organisms, and people. For further research, there could be more trials conducted in more 

locations within these parks to discover that these quantities are accurate. This study could also 

be conducted in other parks in New York City, especially those in Manhattan, Brooklyn, Bronx, 

and Staten Island because this study included parks from Queens. A possible source of error may 

derive from the fact that these samples were taken from a small designated location, and the 

results could vary if samples were collected from elsewhere in the parks. 
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A COMPARATIVE STUDY ON THE 

EFFECTIVENESS OF VARIOUS HERBS IN 

CONTROLLING BACTERIAL GROWTH 

 

Gayatri Prakash, Grade 10, Clarkstown High School North, New City, NY 

 

ABSTRACT 

 

Herbs have been used to prevent sickness and promote health in many traditional 

medicinal practices. The hypothesis of the present study is that if herbs are effective in 

controlling sickness and have antibacterial properties then they must be able to control bacteria 

growth.  In order to test this hypothesis, nutrient agar plates were treated with five different herbs 

and the growth of bacteria was observed in a controlled environment.  The herbs studied were 

cloves, cinnamon, turmeric, star anise, and sage.  A zone of inhibition, the area around the herb 

on the agar plate, was then measured every 24 hours for 7 days. This measurement of zone of 

inhibition demonstrated the antibacterial effect of all of the herbs studied.  All herbs tested were 

observed to have antibacterial properties in varying extent by preventing the amount of visible 

bacterial growth.  Cloves and cinnamon were found to be the most effective herbs.  A second 

trial within the experiment was conducted by measuring bacterial growth on agar plates 

completely covered with herbs.  Again cloves were found to be the most effective herb as there 

was no visible bacterial growth observed even after 10 days. These experiments suggest the 

effectiveness of some herbs as an alternative to synthetic antibiotics in controlling and 

preventing bacterial growth.     
  

INTRODUCTION 

Bacteria are everywhere, in fact “the majority of microbes on or in our bodies are 

bacteria” [1, 2].  A healthy human body is home to trillions of bacteria.  They are on the surface 

of the skin, inside the mouth, nose, and internal organs such as large intestine.  Bacteria come in 

many different shapes, the most common shapes are cocci which is spherical, bacilli which is 

rod-shaped, and spirilla which is shaped like a spiral.  Some examples of bacteria are Salmonella 

enterica otherwise known as Salmonella.  Salmonella causes illnesses such as typhoid fever, 

paratyphoid fever, and food borne illness.  Campylobacter jejuni, also called Campylobacter, is 

an example of a bacteria causes food poisoning [3].  Another example is Escherichia coli more 

commonly know by the name E.coli. There is also a bacteria known as Listeria, often found in 

raw meat and unpasteurized milk [3].  All these are examples of pathogens or harmful bacteria 

[4]. However, not all bacteria are harmful to the human body.  "Lactobacillus is a microbe that 

aids in production of lactic acid through homolactic fermentation, and can be found in the human 
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gastrointestinal tract" [3].  "Bifidobacterium is also considered a probiotic bacterium that inhabits 

the anaerobic environment of the human gastrointestinal tract" [3]. This bacteria "prevents 

binding of pathogens such as Escherichia coli, and Salmonella typhimurium, decreasing 

susceptibility to possible illnesses such as E. Coli poisoning in humans" [3].  In addition, 

Methanobrevibacter smithii is a bacteria also benefit the gastrointestinal tract in that they reduce 

carbon dioxide and hydrogen gas to produce methane gas and water.  In general, many of the 

‘good’ bacteria prevent the infection of pathogens or “bad” bacteria. 

Bacteria are prokaryotic unicellular organisms with cell walls made of mostly 

peptidoglycan and not cellulose like plant cell walls [5].  In general bacterial cell walls are either 

Gram-positive or Gram-negative [6].   A bacterium cell with a Gram-positive just has a thick cell 

wall made of peptidoglycan, while a Gram-negative bacterium cell has a double cell wall.  The 

inner wall is thin and made of peptidoglycan while the outer wall is made of proteins, 

carbohydrates and lipids.  In both cases however the cell wall is what protects bacteria. When 

protein synthesis in the cytoplasam or cytoplasmic membrane gets interrupted, the cell wall gets 

less and less protein for its build up and it becomes fragile and eventually burst [7].  Another 

way the cell wall gets weak is through a method viruses use, in that they produce an enzyme 

called endolysin.  Endolysin first attaches to the cell membrane, then it begins restructuring and 

in that process destroys the cell wall.  A fundamental understanding of the structure and 

mechanism by which cell walls are formed is crucial in the development of antibiotics in 

medicine. 

Antibiotics, also known as antibacterials, are natural or synthetic medications that destroy 

or slow down the growth of bacteria.  The Greek word anti means "against", and the Greek word 

bios means "life" (bacteria are life forms).  Different types of antibiotics control or prevent 

bacteria in different ways. Some antibiotics inhibit a bacterium's ability to construct its cell wall. 

When this happens, the bacterium dies instead of reproducing [8].  Over the years several 

powerful synthetic antibiotics have been developed to prevent bacterial infection.  Although very 

effective in treating bacterial infection, many of these antibiotics have various side-effects.  

Besides, synthetic antibiotics and other methods for killing bacteria are not always readily 

accessible in many parts of the world.  Because of these and other factors natural methods, 

especially the use of herbs as antibiotic agent, have gained prominence in controlling and 

preventing bacterial infection. 

Herbs may be able to help the immune system to control pathogens as they are actually 

used in many Ayurvedic medicines, traditionally practiced in southern and eastern Asian 

countries. Ayurvedic medicine is practiced on the premises that herbal medicine are plants that 

contain natural substances that can alleviate illness. “Herbal drugs are made from the roots, 

stems, leaves, bark, fruit, seeds, or flowers of various plants known or believed to have medicinal 

properties” [9].  The Eisenberg survey says that about 3% of patients have turned to herbal 

medicine. In the US annual sales of herbal medicine is now estimated to be over 2 billion dollars.  

Also, many of the synthetic medicine actually originates from plants [10].  Medicine such as 

Reserpine, which is used to treat high blood pressure is extracted from the plant Rauwolfia 

http://microbewiki.kenyon.edu/index.php/Escherichia_coli
http://microbewiki.kenyon.edu/index.php/Escherichia_coli
http://microbewiki.kenyon.edu/index.php/Salmonella_typhimurium
http://microbewiki.kenyon.edu/index.php/Salmonella_typhimurium
http://microbewiki.kenyon.edu/index.php/Escherichia_coli
http://microbewiki.kenyon.edu/index.php/Escherichia_coli
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serpentina.  Digitalis is used as a heart stimulant and was derived from the foxglove plant, also 

known by the scientific name Digitalis purpurea.  Some of the herbs that are used in Ayurvedic 

medicine are turmeric, sage, cinnamon, anise and cloves.  Turmeric known by the scientific 

name Curcuma longa is said to have many medicinal properties such as preventing arthritis, help 

keep cuts and wounds from being infected, and it is even said to have some properties to fight 

certain cancers [11, 12].  The fact that turmeric can keep wounds from becoming infected 

indicates that it can prevent growth of bacteria.  Sage, also known by the scientific name Salvia 

officinalis, is known to have medicinal properties such as preventing sore throat [13].  Sore 

throats are caused by bacterial infections.  So sage must have some antibacterial properties.  

Another herb called by the scientific name Cinnamomum verum, more commonly known as 

cinnamon, is used for digestive disorders such as indigestion, diabetes, respiratory tract infection.  

If it is able to control an infection then it may be able to prevent bacterial growth.  Another herb 

used in Ayurvedic medicine is Pimpinella anisum or annise.  In traditional Indian Ayurvedic 

medicine this herb is believed to be able to reduce bloating in the stomach [14].  The extract 

from anise is one of the sources for shikimic acid, the main ingredient of TamiFlu used to treat 

influenza [15].   Another herb believed to have antibacterial properties is cloves known by the 

scientific name Syzygium aromaticum [16].  Many eastern societies use cloves as a natural 

remedy for fungal infections and also use to relieve upper respiratory infections and to treat 

wounds [16].  Still there are many other herbs which are said to have antibacterial properties and 

can help support the immune system [17, 18, 19]. 

If it is assumed that some of these herbs have antibacterial properties, then those herbs 

would have a  preventive effect on the growth of bacteria if placed in a medium where bacteria 

grows.  Agar is one such medium where bacterial growth can be observed at room temperature.  

Agar medium containing common household bacteria shows bacterial colony formation within a 

few days. There are studies reported on various bacteria normally found in a house environment 

[20].  Bacteria such as Proteobacteria, Firmicutes, Actinobacteria, and Bacteroidetes are found 

in refrigerators and toilets. Staphylococcus and its variants are found on human skin. A surface 

such as a telephone handset has one or more of these bacteria present. Therefore to test if a given 

herb has any antibacterial property, active agar plates were treated with various herbs and placed 

in a dry environment away from sunlight. The growth of bacterial was then observed for 7 to 10 

days. “When an isolated bacterial cell reproduces either within a solid medium or on the surface 

of it, its progeny accumulate as a localized mass of cells known as a colony” [18].  Clearly even 

if there are only few bacteria initially they can multiply into a colony and can easily be visible.  

After the colony formation, if the herb is successful in preventing bacterial growth, a zone of 

inhibition is expected to appear.  By measuring the amount of bacterial growth each day on 

samples treated with and without a given herb, one can find out the effectiveness of that 

particular herb as an antibacterial agent.  Also if an herb can prevent bacterial growth it should 

be hypothesized that a higher amount would have an increased effect on preventing bacterial 

growth.  In order to test whether the quantity of a herb has any improved effect on preventing 

bacterial growth, varying amounts of herbs were placed on separate agar plates and then 
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observed bacterial growth for 7 days. Testing whether bacterial infection can be prevented by the 

use of an herb is useful in many ways.  Most herbs are readily available as opposed to synthetic 

antibacterial drugs.  Medicines derived from herbs generally have less side effects and may be 

useful in some cases as an alternative to more expensive synthetic drugs.  It is especially useful 

to determine in this age of "superbugs", that herbs could help prevent the growth of bacteria that 

are not easily treatable by synthetic antibiotics.  

 

MATERIALS 

 

● Nutrient Agar Plates 

● Cotton-tip Swabs 

● Herbs: Turmeric, Sage, Star Anise, Cinnamon, Clove 

● Metric Ruler 

● Water 

● Mortar and Pestle 

● Kitchen Grinder 

 

METHODS 

 

Turmeric, sage, star anise, cinnamon, and clove are the herbs tested in this study 

(independent factor).  In order to prepare a fine paste of an herb, 60 g of herb was ground to a 

fine powder using a grinder. The powder was then transferred to a mortar.  60 g of water was 

then added and mixed well to create a solid paste using a pestle.  A cotton swab was used to 

swab the top of a telephone holder, then it was gently swiped on the surface of agar plate in a 

zigzag pattern. Three samples of 2 g, 4 g, and 6 g of previously prepared paste of a herb were 

placed in the center of  3 separate agar plates that were all swabbed. The above procedure was 

repeated for each of the five herbs turmeric, sage, star anise, cinnamon and clove using 15 new 

agar plates (experimental groups).  The plates were then labeled to identify individual samples of 

the experimental groups (herbs). The samples with varying quantities were labeled by adding I (2 

g), II(4 g), and III (6 g) after the  herb name.  A control group was made by swabbing a new agar 

plate with bacteria from the telephone, however no herbs were placed on the agar plate. A label 

was placed on the control group.  

The agar plates were kept in a dry area away from sunlight for a total of 7 days to allow 

for bacterial colony formation. Every 24 hour, the agar plates were observed and photographed 

to measure the growth of bacteria and to see if there was a zone of inhibition around the herbs 

(dependent factor). The zones of inhibition, the distance of the bacterial growth from the center 

of the agar plate where the herb is placed, were measured and recorded. The control group was 

measured by measuring the distance from center of agar plate. These observations were repeated 

every 24 hours.  The collected data was then analyzed to find out which of the herbs worked the 

best and which were the worst. 
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In a second set of experiments three herbs that were found to be best in controlling 

bacterial growth from the first set of experiment were used. As in the first set of experiments, 60 

g of fine powders of these three herbs were made using a grinder. Then a cotton swab was used 

to swab the surface of a telephone and gently swiped onto the agar plate in a zigzag pattern. 3 

samples were prepared; one for each herb.  For each sample the entire agar plate was covered 

with the powder of the corresponding herb.  Excess powder was removed by gently turning over 

the agar plate.  Since the agar plate was sticky, there was enough powder on the surface to be 

fully covered.  A control group was created by just swabbing on bacteria from the telephone on a 

new agar plate. These samples were then labeled and kept in a dry area for 10 days. Every 24 

hour, each agar plates was observed and photographed. The number of bacterial colonies formed 

were counted and the size of the biggest colony was measured and recorded. The collected data 

was then analyzed to find out the performance of each of the herbs in preventing bacterial 

growth. 

  

RESULTS AND DISCUSSION 

 

The effect of various herbs in quantities of 2 g, 4 g and 6 g on bacterial growth are shown 

in Figures 1, 2 and 3 respectively.  The agar plate sample with no herb (Control group) had no 

bacterial growth on the first day.  Second day onwards bacterial growth started appearing at 

multiple spots on the plate.  To be consistent with the measurements in experimental group, 

colonies were measured from the center of the agar plate in control group.  The first visible 

colony was observed 1 cm from the center on day 2.  This first colony could be anywhere on the 

plate as there was no herb on this plate and the plate was inoculated in all locations.  On the third 

day this spot appeared bigger in size and several new spots started showing up.  This process 

continued throughout the entire period that the sample was observed. 

In sample Clove-I (amount 2 g), no bacterial growth was present for the first four days 

and then on the fifth day some bacterial growth was visible causing a zone of inhibition at 3.5cm,  

the largest zone of inhibition recorded (Figure 4).  While in Clove-II (amount 4 g) and Clove-III 

(amount 6 g) samples  there was no bacterial growth observed for the entire seven days. This 

suggest that the quantity of clove also has an effect in bacterial growth. 

In Cinnamon-I (amount 2 g) sample there was no bacterial growth for the first two days 

and after that bacterial growth begins showing  up and there was a consistent 1.5 cm zone of 

inhibition for the rest of the five days (Figure 5).  The sample Cinnamon-II (amount 4 g) showed 

no bacterial growth for the first two days and then a consistent 2.5 cm zone of inhibition for the 

rest of the observation period.  The sample Cinnamon-III (amount 6 g) had no bacterial growth 

the first four days, and a consistent 1.5 cm zone of inhibition for the last 3 days.  The zone of 

inhibition for sample Cinnamon-III was less than the zone of inhibition for sample Cinnamon-II, 

and does not follow the trend observed on the herb clove.   

Sage was another herb which also worked well in preventing bacterial growth (Figure 6).  

All three samples of sage Sage-I (amount 2 g), Sage-II (amount 4 g) and Sage-III (amount 5 g) 



35 
 

showed no visible bacterial growth for first 3 days.  Then afterwards Sage-I had a 2 cm zone of 

inhibition for the next three days, then on the seventh day the zone of inhibition dropped to 

0.8cm.  Sage-II had a 0.4 cm zone of inhibition for the next two days. However it dropped to 0.2 

cm for the last two days of testing.  The sample Sage-III had a 1 cm zone of inhibition for the 

next two days.  On day 6 onwards the zone inhibition disappeared completely as bacteria grew 

on the surface of sage itself.  Interestingly in Sage’s case, the sample that prevented the bacteria 

the best was Sage-I.  This contradicts the idea that with a greater quantity of a herb the more 

bacteria that would be prevented seen in cloves.  It should be noted that sage sample was 

prepared from a bunch of green leaves of sage, whereas other herbs were originally in dry form. 

Another herb that showed antibacterial effect is star anise (Figure 7).  In the case of anise 

there was no visible bacterial growth for the first two days on any of the samples.  Then on day 

three, the sample Anise-I (amount 2 g) had a zone of inhibition of 2.5cm.  Then on day 4 the 

zone of inhibition reduced to 1 cm.  Then on day five this dropped again and showed a zone of 

inhibition of 0.2cm.  Finally there was no zone of inhibition observed on days six and seven as 

the bacteria grew on the herb.  For the second sample Anise-II (amount 4 g), day three had a 2.2 

cm zone of inhibition and then there was no zone of inhibition for days four through seven.  The 

sample Anise-III (sample 6 g) had a 1 cm zone of inhibition on days three and four and then there 

was no zone of inhibition for the remaining observation period.  Just as seen in the case of sage, 

anise’s best bacteria preventing sample was Anise-I, the sample with the least quantity of the 

herb. 

Of all the herbs studied, the lowest zone of inhibition was observed on Turmeric (Figure 

8).  In this case for sample Turmeric-I (amount 2 g) bacterial growth started on day two with 

only a 0.5 cm zone of inhibition.  Then day three it had dropped to 0.3 zone of inhibition and 

then finally on day four there was no longer a zone of inhibition.  In sample Turmeric-II (amount 

4g), for the first two days there was no bacteria growth, then on day three there was a 0.2 cm 

zone of inhibition.  Which then became no zone of inhibition for the rest of the observation 

period.  The sample Turmeric-III (amount 6 g), like Turmeric-I had no bacteria growth for the 

first day.  On day two a 1 cm zone of inhibition was observed.  Then the next three days a zone 

of inhibition reduced to 0.5cm.  During the final 2 days no zone of inhibition was present.  

Turmeric control of bacterial growth was similar to that observed on cloves, in that the higher the 

amount the higher the zone of inhibition. 

Looking at this data on various herbs, there is no direct correlation between the quantity 

of a herb and the zone of inhibition for bacterial growth observed.  In samples such as clove and 

turmeric, there appears to be a correlation between quantity and zone of inhibition, as larger the 

quantity larger the zone of inhibition.  The above observation in clove that a larger quantity of 

the herb has a proportional effect on zone of inhibition is less apparent in cinnamon, the second 

best bacteria preventing herb observed in this study.  However, on herbs such as anise and sage 

the control of bacterial growth was different, in that samples with low quantity were found to 

perform equally well or even better than samples with higher quantity. 

Table 1 shoes the date recorded for the second set of experiment. The control group 
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performed the way it had during the first set of experiment with only minor variations.  The plate 

covered in clove and cinnamon powder showed no signs of bacteria growth for all 10 days.  The 

turmeric performed the worst as by day 3 colony growth was apparent as there were 3 colonies 

observed.  However these 3 colonies were the only colonies that formed.  When compared to the 

control group all of these herbs did extremely well. There were around 36 colonies counted on 

control group, while turmeric the worst performing sample had only 3 colonies in the end. 

The main hypothesis of this study is if a herb has any antibacterial properties, then that herb 

would have a preventive effect on the growth of bacteria.  This hypothesis was supported by all 

the herbs tested in this experiment.  When compared to the control group, less bacterial growth 

was observed on the agar plates treated with herbs.  This shows they were all able to prevent 

bacteria to various extent.  Even though all the herbs were found to have preventive effect on the 

growth of bacteria, some had more profound antibacterial effect than others.  Among various 

herbs tested in this experiment, cloves turned out be the most effective antibacterial agent.  The 

cloves were seen to have prevented the growth of bacteria on the agar plates for the longest 

period of time.  

  

 Table 1: Observation of Second Trial 

 Cloves Turmeric Cinnamon Control 

Day 1- # of colonies 0 0 0 0 

Day 2- # of colonies 0 0 0 3 

Day 3- # of colonies 0 3 0 8 

Day 4- # of colonies 0 3 0 10 

Day 5- # of colonies 0 3 0 23 

Day 6- # of colonies 0 3 0 28 

Day 7- # of colonies 0 3 0 31 

Day 8- # of colonies 0 3 0 32 

Day 9- # of colonies 0 3 0 35 

Day 10- # of colonies 0 3 0 36 
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Figure 1: Effect of various herbs in amount 2g on bacterial growth.  

  

Figure 2: Effect of various herbs in amount 4g on bacterial growth. 
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Figure 3: Effect of various herbs in amount 6g on bacterial growth. 

 

  

Figure 4: Effect of various amounts of clove on bacterial growth. 
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 Figure 5: Effect of various amounts of cinnamon on bacterial growth. 

 

 

 

 

Figure 6: Effect of various amounts of sage on bacterial growth. 
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Figure 7: Effect of various amounts of star anise on bacterial growth. 

 

  

  

  

Figure 8: Effect of various amounts of turmeric on bacterial growth. 
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CONCLUSIONS 

 

The purpose of this study was to find out if herbs could be used as a method of bacterial 

growth prevention.  The claim was made that if an herb has antibacterial properties then it would 

be able prevent the growth of bacteria to a certain extent.  This claim was supported by all the 

herbs, as they all were able to prevent bacteria growth better than the control group in which no 

herb was placed.  So bacteria growth was better prevented with the herbs than without. However, 

one observation made was that a higher amount of the herb did not always show any increase in 

its effectiveness towards preventing bacteria growth. Among the various herbs studied there was 

no direct relation between quantity and effectiveness of the herb found. The only herb that 

showed better effectiveness upon increasing the amount was the best herb, cloves.  While all the 

other herbs refuted this; in most cases sample one with 2 g of herbs (the least amount of herbs) 

was the best at preventing bacteria.  The result from this study shows that herbs have been used 

in traditional medicine for a reason, as they seem to have antibacterial properties.  This means 

that if a person had no access to antibiotics and needed immediate medical attention for say a 

bacteria-infected wound then they could use herbs as a quick remedy to slow bacterial growth 

before they get medical attention.  Another study done by Winston J Craig goes in depth on the 

health-promoting properties of herbs against chronic diseases.  Craig found that “herbs... 

provides a variety of active phytochemicals that promote health and protect against chronic 

diseases” [21].  The study claimed that herbs had many properties that helped one’s health and 

boosted the immune system. Findings from the present study on how herbs prevented bacterial 

growth do indirectly support such a claim on the health promoting properties of herbs.  If this 

study was to be done again there may be a change to the way that amount of bacteria prevention 

was measured as there were some discrepancies.  In some cases there was only one small colony 

formation closer to the herbs while other plates had a few large colonies further from the solution 

and when looking at the zone of inhibition it seemed as if the second case was more successful at 

bacteria prevention when in fact it was not.  Also, the number of days for the experiment would 

be increased to see the long-lasting effect of each herb.  However this study was able to support 

the original hypothesis that some herbs can prevent the growth of bacteria.  This helped to 

support the claim that herbs can be beneficial to a person’s health. 
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THE EFFECTS OF VARIOUS PREVENTATIVE 

MEASURES ON REDUCING IMPACTS OF 

OCEAN ACIDIFICATION ON THE PLANT 

PENICILLUS CAPITATUS 
 

ABSTRACT 

 

 The acidification of oceans is one of the most serious threats to marine life and habitat 

today, coupled with other effects of climate change.  Some ways to effectively reduce the 

negative impacts of ocean acidification are the addition of nutrients, iron, or alkalizing 

substances to seawater.  In this investigation, sea water was collected and placed in four plastic 

containers with added vinegar to make the pH more acidic at a measure of 7.5 as opposed to the 

current average pH of seawater, 8.0.  Twelve shaving brush plants’ initial heights were recorded.  

Three plants each were then grown in each container.  There was a control with only acidified 

seawater and three experimental containers, each manipulated with added nutrient-rich aquarium 

substrate, iron supplement, and alkaline buffer respectively.  It was predicted beforehand that 

these three measures would all work to increase the growth of Penicillus capitatus when 

compared to the control, but the best result would be achieved with alkaline buffer, followed by 

nutrient substrate, and lastly iron supplement. The plants were observed for qualitative data 

every three days for thirty days, and removed from the containers for a remeasuring of their 

height at the end of that period.  Two of the three tested methods used on Penicillus capitatus 

showed a greater change in 

growth than the control, 

which lends support to the 

initial hypothesis.   

 

INTRODUCTION 

 

 Ocean acidification 

(OA) refers to the lowering 

of the ocean’s pH due to an 

increase in the amount of 

carbon dioxide (Wieczorek, 

n.d.).  There is a correlation 

between rising CO2 levels in 

the atmosphere with rising 

Figure 2: A table included in the study conveying the findings of the 

scientists who partook in a study concerning ocean acidification’s 

effects on various seagrasses. 
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ocean CO2 levels.  

As more CO2 

accumulates in the 

ocean, it dissolves 

and converts to 

corrosive carbonic 

acid (Madin, 2010).  

In an effort to 

achieve equilibrium, 

CO2 will always 

move down its 

concentration 

gradient.  While 

natural sources of CO2 do exist, it has been demonstrated that with the start of the industrial 

revolution, atmospheric CO2 levels have greatly increased (see figure 2), therefore increasing 

CO2 concentrations in the ocean and acidifying seawater.  Over the past 250 years, atmospheric 

carbon dioxide levels increased by nearly 40%, from preindustrial levels of approximately 280 

ppmv (parts per million volume) to nearly 384 ppmv in 2007 (Doney, Fabry, Feely, & Kleypas, 

2009).  This rate of increase, driven by human fossil fuel combustion and deforestation, is the 

fastest yet.  The current concentration is higher than experienced on Earth for at least the past 

800,000 years.  

 The acidification of our oceans is one of the most serious threats to marine life and 

habitat today.  Coupled with other impacts of climate change, it can pose many potential threats 

to important marine species.  Despite the efforts now underway throughout the world to monitor, 

measure, and predict current and future impacts of ocean acidification, more attention must be 

focused on finding solutions to protect the oceanic ecosystems.   

 Studies have been conducted to investigate the effects of ocean acidification on marine 

organisms.  For example, the results of an experiment that observed the effects of a lowered 

ocean water pH on a species of starfish, Asterias rubens, showed a respiratory acidosis most 

pronounced at a pH of 7.4. As a result, respiration rates were significantly lower for the starfish 

(Collard, Catarino, Bonnet, Flammang, & Dubois, 2013). Acidosis refers to increased acidity in 

the blood or other body tissue; the study communicated the findings that an a lower ocean pH 

also acidifies organism’s respiration systems, decreasing the rate at which they carry out this 

function.  Another article about the seagrasses Cymodocea nodosa, Ruppia maritima, and 

Potamogeton perfoliatus had similar results, also shown in figure 2.  When pH values were 

decreased from 8.1 to 7.3 and CO2 concentrations increased ten-fold, a loss of necessary 

substances for plant processes was observed (Arnold et al., 2012).  Those who participated in this 

investigation foresee that seagrass species will not benefit from increased oceanic CO2 

concentrations, contrary to to belief of some scientists.  Both studies mentioned thus far further 

Figure 2: A table included in the study conveying the findings of the scientists 

who partook in a study concerning ocean acidification’s effects on various 

seagrasses. 



46 
 

reiterate the harmful effects of ocean acidification on marine organisms, producers and 

consumers alike. 

 Some information about theorized efforts to mitigate the effects of ocean acidification has 

been released, but there have not been many attempts to actually apply these possible solutions to 

the continuously acidifying oceans.  For example, a scholarly paper published by The Royal 

Society describes some engineering approaches to the issue as well as their drawbacks: 

“Some of the approaches to reduce the accumulation of CO2 emissions to the atmosphere, 

for example direct injection of CO2 into the deep oceans or fertilization of the upper 

oceans with iron (Coale 1996; Boyd et al 2000), have the potential to exacerbate 

chemical changes to the oceans. These chemical changes may have a range of important 

biological consequences, including some potentially negative impacts, and require further 

consideration.” (Raven et al. 2005) 

This implies that although general preventative measures such as these can prove to be very 

promising in terms of protecting marine life, more research efforts and resources still need to be 

directed toward these goals.  The big question is what these measures are, and which measures 

will benefit marine life the most without detrimental effects to the ecosystem. 

 Inspired by the need to come up with ways to protect marine life against their rapidly 

changing, human-polluted ecosystems, the purpose of this experiment was to investigate the 

effects of various measures on reducing impacts of ocean acidification, specifically in reference 

to the saltwater macroalgae Penicillus capitatus (more commonly known as the shaving brush 

plant).  It is a fast growing, easy-care plant requiring moderate lighting conditions.  In addition, it 

is found in shallow water with a temperature of about 24-30ºC (“Shaving brush alga,” n.d.), 

which is an ideal trait that allows it to be grown indoors in a shallow container for a science 

project. 

 Like most organisms, aquatic plants require an array of vital micronutrients (boron, 

copper, chlorine, manganese, molybdenum, zinc) and macronutrients (hydrogen, calcium, 

magnesium, sulfur, iron) to thrive successfully and carry out their life processes (Rorison, 1992).  

Based on this, one can investigate how the addition of various nutrients affects marine 

macroalgae and their resiliency to the negative effects of lower seawater pH.  In live aquariums, 

nutrient-enhanced gravel called substrate is used to provide the vital compounds to various plants 

being grown in the tank.  Nutrient deficiencies are generally easy problems to solve, yet they can 

do so much damage.  Since these plants normally grow in regular sand, perhaps the use of a 

nutrient-enriched substrate in place of this sand would help a plant in an acidified environment 

and be enough to lessen or even eliminate the effects.  Acidified seawater does cause an 

imbalance in the presence of certain compounds, so it may indirectly lead to a nutrient deficiency 

that can be fixed.  This relates to the aforementioned study suggesting the addition of iron to 

upper oceans, which can subsequently reduce the oceanic concentration of carbon dioxide.  It is 

also utilized in chloroplast formation and photosynthesis.  A simpler method would be to alkalize 

seawater, or make it more basic:  
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“It has been suggested that some of the chemical effects of CO2 addition could be 

mitigated with the addition of alkalinity to the oceans (Kheshgi 1995; Rau & Caldeira 

1999).  However, this mitigation would be at best partial….highly soluble minerals such 

as magnesium hydroxide, Mg(OH)2 (Kheshgi 1995)...are relatively rare and probably 

could not be obtained at the required scale [without consequences].” (Raven et al. 2005) 

An increase in the amount of alkalizer added will result in a corresponding increase in the pH of 

the acidified seawater. 

 The proposed hypothesis was that if the three preservation strategies of adding nutrient-

rich substrate, alkalizing the previously acidified water, and adding iron drops to the water are 

applied to Penicillus plants living in a lower pH environment, they will all work to improve the 

plants’ health when compared to a normal control setup with no steps taken at all to combat 

acidification.  It was also reasonable to predict that of the three methods, the most effective one 

would have been alkalizing the water, as this was the only method that raised the water’s pH and 

acted as a buffer.  They other two were both similar, as the addition of nutrients was involved.  

Since the substrate contains not only iron, but also other nutrients, plants in this environment 

would have most likely fared better than plants only enriched with only iron (one of many 

necessary nutrients).  The iron might have also induced further chemical changes in the seawater 

that were not good for Penicillus capitatus, also suggested by The Royal Society’s research. 

 

MATERIALS AND METHODS 

 

4 Snapware® 40 Cup Square Airtight 

Food Storage Containers with six air holes drilled 

into the lids with twelve ~266 mL plastic cups 

served as habitats for 12 Penicillus capitatus 

plants.  There were three plants in each container.  

Seawater was collected in various closed 

containers from the Atlantic Ocean at Rockaway 

Beach, New York.  This water was acidified with 

white distilled vinegar (acetic acid) mixed in with 

a large spoon and measured out with a metric 

medicine syringe.  Three of the four containers 

had plants anchored by regular, fairly fine-

grained sand collected from the beach and placed 

into the plastic cups cut down to a suitable size 

with scissors, while the cups of the container that 

tests the effect of adding nutrients to Penicillus’s 

response to acidified seawater conditions 

contained aquarium substrate, specifically 

fluorite, which can be used alone without gravel 

Figure 3: An image of the pH meter used 

to measure seawater pH values. 
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and would not alter the water’s pH as measured by the pH meter in figure 3.  The containers had 

white masking tape labels written on in permanent marker for organizational purposes.  For data 

collection, a digital camera was used to document physical qualities of setups, a ruler to measure 

plant heights, and a lab notebook to record qualitative and quantitative observations.  One 

experimental container was made more basic using a potassium hydroxide alkaline buffer 

designed for aquarium use.  The last container had iron supplement drops added to the water, 

also intended for use in aquariums.  Gloves were used during the completion of the entire 

procedure as a safety precaution.  

 The first step was to prepare the seawater.  Enough seawater to fill the four containers up 

to the top (about 30-40 L) was obtained from the beach using the closed containers.  After 

Figures 4-7: The four plastic containers—(from left to right, top to bottom) Container A (4), the control 

sample with only acidified seawater, Container B (5), which had nutrient substrate anchoring the plants in 

place of normal sand, Container C (6), with added iron supplement drops, and Container D (7), alkalized 

with a powder-form buffer.  Each container had three labeled plants for a total of 3 trials per setup—3 

control trials and 9 different experimental trials.  An attempt was made to differentiate the size of the 

plants in each container.  They were placed in front of a large glass door to obtain an adequate sunlight 

supply. 
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opening the pH meter, and following the enclosed instructions, it was calibrated with the 

calibration liquids.  The pH of the seawater was then measured with the pH meter.  The pH of 

the water was what it should have been: about 8.1, as this is the current average pH of the 

oceans.   

The control acidified seawater container was made first.  Three shaving brush plants were 

obtained from a Floridian aquarium store and inspected closely for snails or any tiny organisms. 

Each plant’s height was measured (in centimeters) and recorded.  A digital photograph of each 

plant was taken to record its appearance.   The plants were then placed into the cut plastic cups 

and their bases were covered with sand to secure them in one spot.  Using the selected labels and 

the marker, each plant was labeled “A1,” “A2,” and “A3” respectively on the outside of the cup.   

The container was filled with seawater until it was about 80% full.  Using the measuring cup, 

about 2.8 mL of vinegar was put into the container and mixed in with the large spoon.  The pH of 

the solution was measured with the pH meter after waiting a few minutes.  The pH of the 

solution should have been and was about 7.5.  This is the projected pH of the oceans in the year 

2100 if the levels of anthropogenic CO2 continue to rise as they are now.  The three plants were 

carefully placed into the container which was sealed with a lid.  The container was labeled as 

“Container A.”  This container was a control sample.  

 This same process was then repeated three more times to set up the remaining 

experimental containers: one with the addition of nutrient-enriched substrate, one enriched with 

iron, and one with the alkalizing buffer.  Some minor changes were made to the procedure 

depending on which container was being set up.  For example, The plants of the nutrient-

enriched group were anchored in their cups with the fluorite and labeled with “B1,” “B2,” and 

“B3,” while this container was denoted as “Container B.”  The iron-enriched Container C with 

plants C1, C2, and C3 had the appropriate amount of iron supplement added to the water (as 

specified by the product’s label, in this case, 0.2 mL) and mixed in during the water’s 

preparation.  Lastly, the alkalized acidified seawater Container D was made.  Similar to with the 

previous setup, based on the directions that came with the buffer, 15 mL of alkalizer was added 

and dissolved to constitute 10 days’ worth of pH increase before the plants D1, D2, and D3 were 

placed into the container.  

 When the initial preparations were done, the four containers (pictured in figures 4-7) 

were placed in a spot where they were not disturbed, making sure they had an adequate supply of 

sunlight.  They were left in this location for 30 days.  Photographs and observations were taken 

of each plant and container once every three days.  Each plant was removed at end of thirty days 

to have its final height and physical characteristics recorded in the lab notebook and to take new 

pictures.  This last step was repeated for all of the containers (and each plant).   
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RESULTS 

 

 

 After all materials were gathered and the plants were ready to be placed in their 

experimental groups, and each plant underwent a measuring of its height for the purpose of 

comparison later on, it was found that the plants, labeled A1, A2, A3, B1, B2, B3, C1, C2, C3, 

Plant Intial Final Δ Height % Δ Height 

A1 8.8 12.0 3.2 36% 

A2 8.6 11.8 3.2 47% 

A3 6.0 9.2 3.2 53% 

B1 8.6 13.4 4.8 56% 

B2 8.3 11.8 3.5 42% 

B3 6.4 8.0 1.6 25% 

C1 11.7 13.1 1.4 12% 

C2 6.9 9.6 2.7 39% 

C3 7.2 10.2 3.0 42% 

D1 6.8 11.2 4.4 65% 

D2 6.5 10.2 3.7 57% 

D3 9.5 13.5 4.0 42% 

 

Container Intial Final Δ Height % Δ Height 

A 7.8 11.0 3.2 41% 

B 7.8 11.0 3.3 42% 

C 8.6 11.0 2.4 28% 

D 7.6 11.6 4.0 53% 

 
Figures 8-9: The table above (8) depicts all un-averaged data collected over the course of the 

experiment for each labeled plant: initial and final heights, changes in height, and the percentages of 

the changes in heights. Meanwhile, the table below (9) represents the same data as averages for each of 

the four containers. 
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D1, D2, and D3, were approximately 8.8, 8.6, 6.0, 8.6, 8.3, 6.4, 11.7, 6.9, 7.2, 6.8, 6.5, and 9.5 

centimeters long respectively, shown in figure 8 (from the bottom of the roots to the tip).   The 

average initial plant heights of each of the four containers (from A-D) were 7.8, 7.8, 8.6, and 7.6 

(see figure 9).  The plants were all fairly normal in terms of physical appearance; their condition 

was what was expected.  They were mostly a healthy green color with some slight discoloration 

at the base of the stem.  Plants B3 and C3 were on the small side, while C1 and D3 were 

significantly taller and has some bends in their stems as a result.  The rest of the plants were 

fairly similar in their medium size.  Plant A3 had a smaller plant about half its size attached to it 

that could not be removed without damaging the larger plant as well.  

When the period of 30 days 

had passed and the plants were 

remeasured, A1, A2, A3, B1, B2, 

B3, C1, C2, C3, D1, D2, and D3, had 

grown to 12.0, 11.8, 9.2, 13.4, 11.8, 

8.0, 13.1, 9.6, 10.2, 11.2, 10.2, and 

13.5 centimeters long respectively.  

This would be an average plant 

height of 11.0 cm for Containers A, 

B, and C, and 11.6 cm for Container 

D (see figure 10).  The growth, or 

change in height, of each plant (from 

3.2, 4.8, 3.5, 1.6, 1.4, 2.7, 3.0, 4.4, 

3.7, and 4.0 cm, making the average growth in each respective container 3.2, 3.2, 2.4, and 4.0 cm 

(see figure 11).  These values can also be represented as a ratio between the growth in cm and the 

initial heights of the plants over 100 (percent change): 36%, 47%, 53%, 56%, 42%, 25%, 12%, 

39%, 42%, 65%, 57%, and 42% for each individual plant, and 41%, 42%, 28%, and 53% as 

averages for each container (see figure 12).  Although the growth of every single plant was 
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evident, there was a slightly different coloring present in each container.  All plants showed 

some signs of distress (significantly lighter coloring than before the investigation), as they were 

all some variation of a bleached yellow-green.  Container D’s plants had more of a uniform color, 

despite the fact that it was the lightest green out of all the containers, as opposed to the rest of the 

plants, which had noticeable  “bands” of color on their stems and leaves with varying proportions 

of green and bleached yellow-green leaves (see figures 13-16). 

 

 

 

 

DISCUSSION AND CONCLUSIONS 

 

After studying the effects of various measures on reducing impacts of ocean acidification 

on Penicillus capitatus, it was determined that the most effective measure is the addition of an 

alkalizing agent to ocean water.  The alkaline buffer containers’ plants (Container D) fared much 

better than those of the control container with the normal acidified seawater alone, with an 

average net amount of growth (not to be confused with average percent change in growth) about 

26% greater than that of the control group.  This growth was greater than that of any other 

container in the investigation.  Not only did the plants show significantly more growth, but they 

also had a much healthier coloring overall when removed from their container at the 

Figures 13-16: These pictures (left to right) 

show the physical appearances of containers A 

(13), B (14), C (15), and D (16) at the end of the 

30-day observation period. 
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experiment’s end.  This can most likely be attributed to the water’s pH increase and the 

maintenance in that change facilitated by the alkaline buffer.  Container B, with an array of plant 

nutrients, had plants in better condition than Container C, with the addition sole element of iron, 

as well as Container A.  Due to this, the hypothesis is predominantly supported by the data: the 

alkaline buffer is the most effective method to encourage plant growth in a low-pH environment, 

while the addition of macro and micronutrients via a substrate was the second.  However, some 

of the prediction was inaccurate.  The iron in Container C was supposed to produce growth 

greater than that of the control (even though it was predicted that it would be the least effective 

of the three methods proposed), but Container C was the only container in which Penicillus 

capitatus actually showed a lesser average change in height than the control group.  This 

particular disagrees with part of the hypothesis and may rule out the possibility of large-scale 

ocean water enrichment with iron as an effective solution to ocean acidification.  One reason for 

this result could have been, as suggested by background research presented in the introduction of 

this paper, the iron worsening chemical changes already taking place in the seawater from its 

acidification.  Overall, two of three efforts made in this experiment to increase marine plant 

resiliency in acidic environments yielded a desired increase in the growth of Penicillus capitatus 

over a 30-day period. This implies that these two methods (alkalization and nutrient 

supplementation) are beneficial on a small scale to reduce marine plants’ detriment from 

increasing ocean carbon dioxide levels.  The question now lies in their practicality on a large 

scale, and their long-term effects on oceanic ecosystems. 

 Some discrepancies might have affected the results of this study.  Upon the start of the 

experimental procedure, each Penicillus capitatus plant was a different size—initial heights 

ranged from 6.0 cm to 11.7 cm.  The fact that this variable was not kept constant might have 

influenced the amount of growth that each plant showed, because the growth of an organism 

depends heavily on stage in growth that it is in; the earlier stages of growth typically tend to see 

more rapid and drastic changes in development.  Getting plants that are the same size or in the 

same stage of development would eliminate the possibility of any invalid results from this.  

Holes were drilled into the lids of the containers to allow for the plants to respirate properly.  

This could have resulted in CO2 diffusing out of the solution and therefore causing chemical 

changes in the water of each container.  However, it is unlikely that significant pH changes in the 

water occurred, as seawater itself is known as a pH buffer that is fairly resistant to these changes 

in acidity and basicity.  Still, more advanced equipment, such as that of a fish tank, could be used 

to aerate a closed container and therefore prevent gases from escaping and possible resulting 

changes.  Having a fish tank, with a current and manipulated temperature, for example, might 

also make the plant growth data more comprehensive, as marine plants do respond to the current 

and temperature of the water that they are in; these conditions would be most identical to those 

of the actual environment in which the plants are found.  This would also remove the need for 

the use of the plastic cups to anchor the plants, which appeared to be constricting the root growth 

of Penicillus.  Flaws can be identified in this experimental design as well, particularly in the 

procedure.  The two aquarium products used (the alkaline buffer and iron supplement) are 
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designed for constant used over a certain period of time.  Meanwhile, in this investigation, a 

certain amount of each substance was added only once followed by the 30-day observation 

period.  This could have resulted in less significant growth increases occurring in the plants.  

Also, in regards to the way the iron was added to the container, other studies suggested its 

addition to the surface of ocean water, while it was mixed in during the experimental set up.  

This may or may not have had an effect on the outcome, as the ocean does have natural 

movement that would eventually distribute any miscible substances more evenly throughout the 

water.  Overall, there are important improvements that can be made to this experimental design 

in the future. 

 

FURTHER RESEARCH 

 

 There are many possibilities of research that can be done related to this topic.  Since 

increased CO2 levels are the cause of a lowering in ocean pH, one can conduct an experiment in 

which the concentration of CO2 (or even other gases) dissolved in seawater is manipulated and 

plants are grown.  One can test how plants in different growth stages react to acidified seawater 

conditions (inspired by the “initial height variation” source of error).  Different plant species can 

be grown in acidified seawater to find out which species is most resilient to pH changes.  Other 

variables can be changed such as water temperature, and salinity to see how marine species are 

affected.  Unanswered questions that developed during the investigation based on additional 

interesting observations include why a black residue forms around the roots of marine plants, 

what particles and substances are formed in seawater containing marine plants, and what 

determines the direction, location, and nature of plant coloring and discoloring.  These mysteries 

are also possible areas of further investigation that may also reveal more beneficial information 

regarding the issue at hand—the acidification of our vast oceans and the detrimental effects on 

all life forces within in it, and beyond. 
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ABSTRACT 

 

 Dunking cookies in milk is a cultural phenomenon in the United States as evidenced by 

the number of devices available to assist in dunking.  The purpose of dunking can be to either (a) 

alter the texture of the cookie or (b) enhance its flavor.  This paper focuses on the former idea, 

although many sources acknowledge an increase in flavor as a result of dunking.  Cookies were 

dunked in four types of milk (fat free, 1%, 2% and whole) for periods of time ranging from 1 to 

20 seconds, and their texture was subjectively rated using a seven point Likert scale.  The top 

five rated dunk times from each type of milk were selected for further testing.  The ideal dunk 

time was determined to be the top rated dunk time of the five best times from the previous 

trial.  The force needed to crush the cookie by 80% was determined using a cookie compression 

device.  It was determined that the fat content of the milk used had a greater effect on the force 

needed to crush the cookie than the time for which it was dunked.  Several explanations of this 

are presented, most relating to the fat of the milk interacting with the structure of the cookie and 

the cream filling. 

 

INTRODUCTION 

 

 Dunking cookies in milk is a cultural phenomenon in the United states to such an extent 

that various companies manufacture products that purport to help make the dunking experience 

more enjoyable.  One device that has been created to dunk cookies is called the “Dunking 

Buddy”. The Dunking Buddy consists of a small cube into which cookies are placed, and which 

allows milk to flow in while a magnet on the outside holds the container to the inside of the cup. 

According to statements on the company’s website, the dunking buddy contains two pieces that 

takes less than one minute to put together.  The device can hold up to two cookies at a time, is 

easy to clean, & enjoyable to use1.  Another device, named the dipr, is a slim, spoon-like device 

that is designed specifically to hold an Oreo cookie to keep one’s hands dry while allowing total 

immersion of the cookie in milk6. 

 While the cultural phenomenon of dunking is interesting to note, there may be some 

value in terms of taste and texture in dunking cookies in milk.  Dipping a cookie in milk 

                                                           
† The authors are deeply indebted to Mr. Randy Jackson and his welding students for masterfully 

crafting the cookie compression device used in this investigation.   



57 
 

enhances the flavor of the cookie because the fats present in the milk are able to dissolve some of 

the molecules that give the cookie a desirable flavor.  These molecules are then more easily and 

quickly released into the mouth and nose.  Dipping a cookie in water would not produce a similar 

effect because many of the flavor molecules in cookies are soluble only in fats.  The same thing 

happens to the milk.  Once the cookie has been dipped into the milk, the flavors in the milk are 

enhanced as well because some of the flavor molecules dissolve in the milk, too. Methylbutanol 

is one such compound that is linked to the toasty flavors in baked goods like cookies.  It is more 

easily and quickly released into the mouth and nose when the cookie is dunked into a fat-

containing liquid3. 

 A researcher named Len Fisher discovered that milk was the best beverage to dunk a 

cookie in to acheive the best taste. He determined that dunking a cookie in milk releases up to 11 

times more flavor than eating a dry cookie because of the fat in the milk. The fat in the milk 

helps bring out the fat-soluble flavor molecules in the cookies. The different types of milk can 

affect the cookies differently. Water obviously doesn’t have any fat in it, which won’t bring out 

the flavor in the cookie. The flavor molecules reach your taste buds more easily and stay in your 

mouth longer, increasing the flavor of the cookies.  When the aroma chemicals sit on your 

tongue longer, they can travel into your nose to give a better taste sensation2. 

 According to the manufacturers of the cookies5, an Oreo is 71% cookie and 29% 

creme.  So the effects of milk on the texture of the cook and the creme must be taken into 

account.  The microstructure of the cookie must also be considered when looking at all possible 

effects of dunking on texture.  Cookies are primarily composed of starch (in the form of flour), 

sugar, a fat (often butter), and a binder like eggs or oil.  Placing a cookie in a beverage can 

dissolve the sugar, making the cookie fall apart.  In addition, putting the cookies into various 

types of beverages (such as milk with different fat content, as in the present investigation) can 

make them fall apart in different ways.  For example, milk with a higher fat content might 

dissolve not only the sugar, but some of the fat, weakening the cookie more quickly than milk 

with a lower fat content.  A hot or cold beverage could also affect the way that the microstructure 

of the cookie is changed.  Milk with a higher fat content may dissolve more of the cookie, 

leading it to fall apart more quickly.  Because this investigation focuses on Oreo cookies, the 

creme filling must also be considered.  It is composed mainly of sugar and fat, so dunking an 

Oreo may cause the filling to weaken to some extent, too5. 

 The overall shape of the cookie may change the way that milk infiltrates it, as well.  The 

Oreo design features twelve flowers circling the Oreo name, and ninety ridges around the 

outside.  All of this embossed texture increases the surface area of the cookie, providing more 

space for milk to move in and dissolve the sugar.   

We hypothesize that if cookies are dunked into different types of milk, the ideal dunk 

time for that type of milk can be determined.  This ideal time will depend on the fat content of 

the milk.  Additionally, the amount of force required to compress the dunked cookie by 80% 

should reveal information about the effect of the milk on the structure of the cookie.   
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MATERIALS 

 

 In this investigation, ten packages of original Oreo cookies and one gallon each of fat 

free, 1%, 2% and whole milk were procured from Tops Markets in Lansing, NY.  Compostable 

paper cups and plates were used to distribute the cookies and milk to the students for testing.  A 

cookie compression device was designed and constructed by the welding students in the CTE 

Center at TST BOCES (see figure 1).  Stop watches were used for timing and laboratory mass 

sets were used to provide the force to crush the cookies in the cookie compression device.  

 

METHODS 

 

 Each of four classes was assigned a 

type of milk to use, and each student in each 

class was assigned a number of seconds to 

dunk a cookie, from 1 to 20.  The cookies 

were dunked and each student rated the 

texture of the cookie on a Likert scale.  This 

provided data for dunk times ranging from 1 

to 20 seconds for each type of milk.  The 

data was graphed, and the five times that 

were rated the highest were selected for each 

type of milk.  

 These five times were tested more 

extensively to determine the ideal dunk time 

for each type of milk.  Each student in each 

class dunked a cookie for the five highest rated times and rated them on the same Likert scale as 

before.  The results were graphed and the ideal dunk time for each type of milk was determined.   

 A cookie was dunked in each type of milk for the ideal amount of time, then crushed in 

the cookie compression device (CCD, see figure 1).  An industry-standard test of compressing 

the cookie by 80% was conducted.  Mass was added to the pan of the CCD and the number of 

millimeters of compression was recorded.  This process was repeated, adding more mass for each 

trial, until the cookie was compressed to 80% of its initial height.  The force required to 

compress the cookie was calculated and graphed.   

 

Figure 1.  The Cookie compression device 

used in this investigation.   
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RESULTS 

Figure 2.  Force applied to cookie as compared to ideal dunk time.  Note that as fat content 

increases, force required decreases, with the exception of whole milk.  The force required does 

not seem to be related to the time for which the cookie is dunked.   

 

CONCLUSIONS 

 

 The results of this study support our hypothesis.  The type of milk into which the cookie 

was dunked had an effect on the ideal dunk time as determined by Likert scale 

ratings.  Interestingly, the amount of force that was required to crush the cookies at their ideal 

dunk times was inversely related to the fat content of milk, and showed no relationship with the 

actual dunk time.  The whole milk took the most force, the fat free milk took the second highest 

amount of force, leaving one percent and two percent as the lowest amount of force needed. This 

is strange due to the fact that one percent and two percent are in the middle of whole and fat free 

in terms of fat content which is only thing strikingly different about the different types of milk.   

The amount of fat in the milk plays a role because it can dissolve other fats in the cookie, 

doing more than just dissolving the sugar in the cookies, as the water in milk can do. The sugar 

molecules help bind the flour molecules to keep the cookie’s shape. Milk also has naturally-

occurring surfactants in it that will make the water of the milk better able to go in the cookie. The 

quicker it is absorbed the more time it has to break apart the cookie. The higher the fat in the 

milk the quicker the creme of the oreo dissolves in the milk. The creme in the oreo dissolves 

faster in higher fat milk because it starts to mix with the fat of the milk quicker, and not just 

dissolve the sugar.   

In terms of the force needed to crush the cookies when dunked in various types of milk at 

their ideal dunk times, there is a break in the trend that proves difficult to explain.  For fat free, 

1% and 2% milk, the amount of force needed to crush the cookie by 80% decreases as the fat 
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content in milk increases.  In light of our research, this pattern makes sense.  We know that 

water, a polar substance, can dissolve the sugar and starch of the cookie and thus weaken its 

structure.  However, cookies still contain fat, and the creme of the Oreo is made mostly of fat 

and sugar.  So it follows that as the fat content of the milk increases, the ability of milk to 

dissolve not only sugar and starch, but fats, too, will also increase.  This would lead to the 

microstructure of the cookie disintegrating much more quickly, and result in a smaller amount of 

force being needed to crush it to the requisite thickness.   

Further, as the fat content of milk increases, the surface tension decreases, which would 

allow the milk to more easily move into the cookie and the creme, dissolving more of it4,7. 

The data for whole milk is confounding, however.  In the United States, whole milk is 

3% fat, and not actually “raw” whole milk that has not been processed at all.  So given that 

whole milk has the highest fat content of all the milks tested, it would follow that it would break 

apart the microstructure of the cookie the fastest, resulting in the smallest amount of force 

needed to crush the cookie out of all the different types of milk.  This is not the case, 

however.  Whole milk required the greatest amount of force.   

It is unclear why the cookies dunked in whole milk took a significantly greater amount of 

force to crush than we might have predicted based on the pattern in the data.  Further 

experimentation is needed to rule out human error as a cause.  The possibility exists that the 

relationship between fat content and amount of force needed to crush the cookie is not 

linear.  There may be a point at which there is “too much” fat in the milk and the fat content 

interferes with the dissolution of the cookie or the creme, but again, further experimentation 

would be needed to determine if this is the case.   

Because we determined that the dunk time seems to be independent of the force required 

to crush the cookie, in future experiments we could further isolate these variables by dunking 

cookies for the same amount of time in different types of milk, as opposed to dunking the 

cookies for their ideal dunk time as determined in the present investigation.  In addition, the 

Likert scale ratings are subjective because everyone has their own particular preference of cookie 

texture.  So in future experiments, we would need to either have many more participants to 

increase the sample size and more easily find patterns, or as mentioned previously, select one 

time for which all the cookies would be dunked.  Finally, the temperature of the milk was not 

maintained throughout the experiment.  Different fat contents may affect the specific heat of the 

various types of milk, leading one type to warm up faster than another.  Further experimentation 

would be needed to see if the temperature of the milk affects how the cookies crumbled. 
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