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RESEARCH ARTICLE

Effect of Continuous Exposure of UVC Rays on Mung Bean 
(Vigna radiata) Emerging Seedling and Plant Growth  

Amit Adiga   
Downingtown East High School, 50 Devon Dr, Exton, PA 19341, USA; amitadiga05@gmail.com 

ABSTRACT: In this experiment, the effect of Ultraviolet C (UVC) radiation on germinating seeds and plants of Vigna radiata 
(mung beans) were assessed. The control groups were not exposed to UVC radiation. The experimental groups were continuously 
exposed to various doses of UVC radiation. A commercially available UVC lamp was used as source of UVC radiation. A UVC 
meter was used to measure amounts of UVC radiation in µW/cm2. Physical traits, such as height and color, were used to determine 
effects on the plants. In this experiment, continuous exposure of UVC had lethal effects on mung bean emerging seedlings. Mung 
bean plants were susceptible to lethal effects of UVC rays at various doses used in a dose dependent manner.

KEYWORDS: Plant sciences; Germination; Plant development; UVC Radiation; Vigna radiata; Mung Bean. 

� Introduction
Ultraviolet rays are electromagnetic rays with wavelength 

ranging from 100 to 400 nm. Depending on the wavelength, 
they are categorized as UVA, UVB, and UVC rays. UVC rays 
are the shortest of the ultraviolet rays with the wavelength 
ranging from 100 to 280 nm.¹ Normal visible light ranges from 
380 to 700 nm. Hence UVC rays are not visible. 

Light is essential for normal growth and the development 
of plants. Artificial lights can be used to grow plants indoors. 
Plants use photosynthesis to produce carbohydrates from car-
bon dioxide and water.² A simple equation for photosynthesis 
as noted below shows the importance of light energy or pho-
tons for photosynthesis. The chemical equation noted below 
indicates the formation of glucose, a simple carbohydrate by 
photosynthesis.³   

6CO2 + 12H2O + photons (light energy) → C₆H₁2O₆ + 6O₂ 
+ 6H₂O

Shorter wavelength electromagnetic rays have higher photon
energy compared to longer wavelength rays. Therefore, ultravi-
olet rays have higher energy than visible light, and UVC rays 
have more energy than UVB or UVA rays.⁴

UVC from sunlight does not reach the earth’s surface as it 
is completely absorbed by the atmosphere.⁵ Hence plants are 
not naturally exposed to UVC rays. Due to DNA damaging 
effects, UVC rays are used as germicidal agents. While plants 
have evolved to survive DNA damaging effects of Sun’s UVA 
and UVB rays, it is not well known if plants’ DNA repair 
mechanisms are efficient against UVC and if photosynthetic 
mechanisms can be more efficient with higher energy UVC 
rays.

In this experiment, the continuous exposure of UVC radia-
tion on the growth and development of Vigna radiata (mung 
beans) germinating seeds and plants was assessed. These seeds 
were chosen because of their consistent and continuous avail-
ability.

� Methods
Whole Mung bean seeds were bought from grocery stores. 

The variety used was green mung beans (also called green 
gram). These are available in any grocery stores (Walmart, 
Wholefoods etc.). They are usually present in the international 
food aisle in the Indian/Asian food section. Seeds were hand-
picked to ensure uniformity in size by visual inspection. The 
seeds were rinsed in tap water and then soaked in tap water for 
24 hours. Water was changed once at 12 hours. Protective long 
gloves, eyewear and gowns were used as needed for protection 
from UVC radiation exposure.

A commercially available UVC bulb was used (UVC Germi-
cidal Bulb UV-C Light, 253.7nm Wavelength, 36 Watt). The 
amount of UVC exposure was measured using a commercially 
available UVC meter (RCYAGO RGM-UVC Meter, Preci-
sion: 1µW/cm², Range: 0-1999 µW/cm² UVC Peak Spectral 
Response: 254 nm, Figure 1). Throughout the experiment, the 
seeds/plants were continuously exposed to UVC. The UVC 
bulb was placed perpendicularly above the seeds/plants. The 
amount of UVC dosage was changed by adjusting the dis-
tance between the UVC bulb and the plants. The amount of 
UVA+UVB exposure was negligible (about 10 µW/cm²).

To study the effects on Germination:
Seeds were placed in two equal sized bowls at room tem-

perature with several layers of kitchen paper towels at the 
bottom of the bowl. The seeds were not covered. The paper 
towels at the bottom helped retain water and moisture. One 
group was continuously exposed to high doses of UVC of 
about 223 µW/cm². The other group was kept under normal 
room light. The amount of UVA+UVB was minimal at about 
28 µW/cm² (Figure 1). A small amount of water was sprayed 
on the seed's surface about two times daily. Seeds were mon-
itored until seed germination was complete in the control 
group (about 8 to 9 days).
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To study the effects on plant growth and development:
Seeds were prepared as described in the previous experiment. 

In addition, seeds were gently covered with a wet kitchen towel 
until they were about ½ an inch tall. A small amount of water 
was sprayed about two times daily. Seeds continued to grow in 
the bowl until they were about 3 inches tall, and the first two 
leaves (cotyledons) were formed. 

Groups of six plants were handpicked with matching height 
and growth. Plants were then planted equally spaced in small 
equal sized pots containing commercially available potting 
mixture (Miracle Gro Potting Mix). These small pots contain-
ing matching plants were then randomly assigned to various 
groups and exposed to different amounts of UVC radiation 
(Table 1). 

One group of plants was exposed to a low dose of UVC 
while housed inside a 12 cubic inches glass chamber (an old 
glass aquarium) to assess the protective effects of glass from 
UVC. 

The plants were watered once daily to maintain a similar 
degree of soil moisture. Photos were taken periodically.

To study the effects of ultra-low dose UVC and supplemental 
growth light:

This experiment was designed to assess the effects of ul-
tra-low dose UVC with a supplemental ‘grow light’ in a more 
controlled environmental condition. 

In this experiment, seeds and plants were prepared like the 
previously explained experiments. In addition, plants were 
stabilized in the pots for 2 days prior to exposing to UVC. 
Both the control and the experimental groups were housed 
inside cardboard boxes with similar ventilation and minimal 
ambient light exposure. Both groups were exposed to the 
commercially available ‘grow light’ placed inside the box. The 
temperature inside the box was room temperature.  

The experimental group received continuous exposure of 
ultra-low dose of UVC (UVC meter fluctuating between 0 
and 1 µW/cm²). The experimental group also received an ad-
ditional dose of “grow light” using second “grow light” bulb.  

The plants were watered as described in the previous exper-
iment and were monitored for about 7 weeks with periodic 
photos taken.
� Results and Discussion
In the experiment on effect of high dose UVC on germina-

tion, seeds were found to have started germinating on the 3rd 
– 4th day after the start of soaking. UVC inhibited and even-
tually killed all of the emerging seedlings (Figure 2). Seeds
were observed for about 10 days.

In the experiment on the effects of various doses of UVC 
on plant growth and development, UVC showed dose depen-
dent inhibition of plant growth and development (Table 

1, Figures 3 and 4). The group of plants grown inside a glass 
chamber were protected from the damaging effects of UVC.

Figure 1: Amount of UVC and UVA+UVB exposure for seed germination. 

Figure 2: The effect of high dose UVC on emerging seedlings. High dose 
UVC was lethal to emerging seedlings (picture on the right). 

Table 1: Groups of plants, amount of continuous UV-C radiation exposure 
and key observations. 

Figure 3: Effects of various doses of UV-C radiation on groups of plants at 
different time intervals. See Table 1 for observations. 
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�   Discussion
Plants in nature are exposed to many DNA damaging parts 

of sun rays particularly UVB and infrared rays. Plants utilize 
multiple mechanisms to cope and survive through these nat-
ural DNA damaging rays. Since UVC rays do not reach earth 
surface naturally, plants have not evolved to utilize UVC ra-
diation.⁶   

Electromagnetic rays have various effects on plant growth 
depending on the wavelength and the plant species. For exam-
ple, higher energy blue light has been shown to lead to shorter 
and thicker leaves.⁷ In our experiment, plants grown inside 
glass chamber with less natural light grew taller, thinner with 
smaller leaves compared to control group. 

Among UVC exposed groups, since continuous exposure of 
even an exceedingly small dose of UVC rays had detrimental 
effects, the DNA repair mechanisms appear not to adequately 
survive through continuous UVC exposure. Providing an ad-
ditional “grow light” was not protective. 

This experiment, however, does not answer if intermittent 
exposure will have any beneficial effects. The effects may be 
different if UVC exposure occurs at a later phase of their de-
velopment. The effects on other plant species may differ as well. 

If genetically modified plants can be developed which can 
safely utilize these high energy rays, they may augment food 
production. Such plants may likely be smaller in size since they 
can utilize higher energy and may be helpful particularly in en-
ergy rich and space constrained situations such as space travel.
�   Conclusion
Continuous exposure to UVC rays was lethal to germinating 

seeds as well as to the growth and development of mung beans 
in a dose dependent manner. Providing excess natural light did 
not protect them from the lethal effects of continuous expo-
sure to UVC.

Figure 4: Effects of ultra-low dose UVC and supplemental growth light. 
See Table 1 for observations. 
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Dilution of Nitrates Due to the Confluence of Two Riverine 
Environments in the St. Joe River Watershed  

Creigh Dircksen   
Garrett High School, 801 E Houston St, Garrett, IN, 46738, USA; 21creidirc@gkb.k12.in.us 

ABSTRACT: The researchers of this study aimed to investigate the change in nitrate concentration as Garrett City Ditch 
(GCD) empties into Cedar Creek. The research team studied pollutants in GCD, a ditch mostly composed of storm sewage 
and water treatment effluent discharge, and in Cedar Creek located near Auburn in northeast Indiana. Monitoring nitrate 
concentrations in the Cedar Creek watershed is critical in protecting Lake Erie against potential detriments which may lead to 
severe impacts on the ecology of the Lake Erie ecosystem. GCD had much higher nitrate concentrations than other surrounding 
drainage ditches, as did Cedar Creek. The goal of the study was to determine if sample data coincides with theoretically calculated 
dilution values of nitrate ion-specific levels. The study identified an increase in nitrate concentrations within Cedar Creek after 
the confluence of GCD, resulting in an average increase of 38.1%. The researchers found the calculated increase for one of the 
dates to be about 45.8%. These results show the detrimental effects human activity can have on a natural riverine environment.  

KEYWORDS: Earth and environmental sciences; water science; nitrates; riverine environments; dilution; drain tile. 

�   Introduction
Eutrophication is a major issue for riverine systems, with ag-

ricultural activity playing the primary role for high nitrates.¹-³ 
Recent research has shown that nitrates come from a variety of 
known human activities,¹-⁴ with some research demonstrating 
where those nitrates go after they enter these waterways.⁵ The 
research team for this project focused on the transfer of the 
nitrates from one riverine system to another. 

Water quality is periodically monitored by various entities 
for different purposes, including nitrates. Nitrates are key 
factors in monitoring environmental quality because of their 
correlation to eutrophication.¹ According to studies, over half 
of all coastal waters studied in the United States are affected 
by eutrophication.⁶ The excess nitrates from human activity 
can lead to elevated levels of nitrates in waterways, leading to 
excessive plant growth which can create low oxygen levels ulti-
mately leading to a decline in aquatic biota within the system.⁶ 
Excess nutrients can also cause an abundance of algae which 
leads to less light penetration into the water, eradicating some 
wildlife.⁷ Four hundred “dead zones” (areas of water in which 
wildlife cannot survive) have been reported around the world, 
and the origin of some is believed to be related to eutrophica-
tion.⁷ The excess nutrients that humans empty into waterways 
can destroy environments such as Cedar Creek, as seen in oth-
er locations across the United States. Cedar Creek eventually 
connects to Lake Erie, which has experienced eutrophication 
issues in the past.⁸ A study done in 2018 on the Seine and 
Loir rivers (France) and the Red River (Vietnam) found that 
nitrate levels above 2 ppm can cause hydrophyte biodiversity to 
decrease sharply.⁹ Because of eutrophication’s more significant 
impact on smaller environments, such as local creeks or ditches, 
the researchers focused the study on nitrates in an effort to un-
derstand and prevent eutrophication from occurring in a local 
environment, in this case Cedar Creek. 

Studies have shown results demonstrating that agricultural 
fertilizer runoff is an influential factor in nitrate levels within 
waterways.¹-³ A study done by the Environmental Protection 
Agency in Nebraska’s Platte River Valley found that less than 
50% of synthetic nitrogen applied to agriculture in the United 
States is consumed by the intended crops.¹⁰ This leaves over 
half of the 13 million tons of nitrates applied every year to 
the crops, to either seep into the ground or groundwater, be 
consumed by other plants, or runoff into nearby waterways.¹⁰ 
Synthetic fertilizers are not the only source of nitrates; a study 
showed that natural fertilizers such as biosolids release nitrates 
as well.³ Keeping consistent nitrate levels within a system is 
critical to the natural aquatic biota. With no human interven-
tion, these waterways have been observed to maintain nitrate 
levels independently, but human factors like fertilizer runoff 
disproportionately impact nitrate levels. A study in North 
Yorkshire UK demonstrated that the greater the arable land use 
along the Derwent River, the greater the nitrate levels were.¹ 
This suggests that runoff from farming causes water contami-
nation, as seen with nitrates. Applying this data to other rivers 
and waterways, the research team expects that both GCD and 
Cedar Creek will be similarly affected. According to the USGS, 
wastewater treatment plants that do not regulate the discharge 
of nitrate levels can also be a factor in water contamination.⁴ 
The greatest discharge at the headwaters of GCD is directly 
tied to the City of Garrett’s Wastewater Treatment Plant.

Extensive efforts have been made to stop the eutrophication 
process, including the use of different technologies in agri-
culture to try to prevent excessive fertilization. Project Sense 
is a program dedicated to improving Nebraska's farming by 
creating technology that can measure the wavelength of light 
shone onto crops.¹¹ The sensor uses this information to apply 
the minimal amount of fertilizer to a crop. This process ensures 
fewer nitrates are wasted, therefore limiting nitrate runoff. In 
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addition, farmers are spending less on fertilizer, allowing them 
to allocate financial resources to other aspects of their business. 
Another example of high-tech efforts to minimize runoff has 
been developed by a company called Air Scout. Similar to that 
of Project Sense, Air Scout can reduce the amount of unused 
nitrate running off the land. This is achieved by producing ther-
mal imagery from planes to determine which areas of fields 
need nitrates more than others.¹¹ With the development and 
broader application of these technologies, eutrophication and 
water contamination may be less of a problem in the future. 

 �   Methods
The purpose of this research is to determine the dilu-

tion effect of the nitrates in GCD as it empties into Cedar 
Creek, downstream of Auburn, Indiana. Multiple testing sites 
throughout the overall length of GCD will establish a solid 
representation of the nitrate levels throughout the ditch. Ad-
ditional testing sites in Cedar Creek include upstream and 
downstream of the mouth of GCD. The testing site upstream 
of the mouth of GCD will establish the nitrate levels in Ce-
dar Creek without the influence of GCD (Figure 1-8). The 
test site downstream of GCD will provide insight into the 
chemical changes of water parameters based on the sole input 
of GCD (Figure 1-8). A comparison of nitrate concentration 
from the upstream location to the concentration at the down-
stream location will determine how much nitrate levels are 
increased due to the confluence of GCD. This then allows for 
the determination of the diluted nitrates in Cedar Creek when 
GCD empties into it. A theoretical value of nitrates was also 
calculated using upstream Cedar Creek’s nitrate concentration 
and discharge as well as GCD’s nitrate concentration and dis-
charge. The following formula was used. 

The research team initially used a LaMotte AM-12 The 
TesTabs® Water Investigation Kit to determine the levels 
of available nitrogen within GCD and Cedar Creek. This 
kit uses two different tablets dissolved into the sample. The 
process includes retrieving a sample from the source and 
measuring out 5 mL of the sample into a test tube. The first 
tablet was added to the sample and this sample was stirred 
until the tablet had fully dissolved. The researchers then add-
ed a second tablet and stirred for two minutes. At the end of 
this process, the samples rested for another five minutes. Af-
ter five minutes the sample was compared to a color slide to 
determine the approximate available nitrogen concentrations. 
The values on the color slide were 0, 5, 20, and 40 ppm. This 
did not give the research team enough preciseness to be able 
to determine any accurate results. This process is also consid-
erably time-consuming and produces low-resolution results. 
The available nitrogen recorded for GCD through this pro

of the researchers' equipment, they were not able to draw 
any valid conclusions. The team found results from a Vernier 
Go Direct® Nitrate Ion-Selective Electrode much more pre-
cise and consistent. This tool can be used on-site, providing 
precise data in a matter of seconds. The researchers collect-
ed data using the sensor, relaying the data to a smartphone. 
Researchers measured nitrates directly on-site, allowing a 20-
30 second wait time. The average nitrate concentration over 
this period was recorded as the nitrate concentration. Three 
data sets were recorded at each site during the day on four 
different dates spanning the months of September and Oc-
tober (09/21/20, 10/02/20, 10/16/20, and 10/30/20). To get 
a complete representation of dilution rates more studies must 
be done throughout the entire year. At each site, a Garmin 
GPSMAP 64th was used to record each of the locations of 
the site in latitude, longitude, and elevation. 

The researchers tested three sites along GCD and two along 
Cedar Creek. The first of the three sites along GCD was lo-
cated 50 meters from the headwaters of GCD, located at 
41°20'24.3"N 85°07'46.0"W. The headwaters originate from 
five drainage tiles (See Figure 3) emptying into the ditch. The 
three westernmost tiles heading east are 1) the storm sewers for 
the city of Altona, 2) storm sewers of the south side of Garrett, 
and 3) the north side of Garrett. The fourth tile empties the 
wastewater treatment plant effluent discharge into the ditch. 
Finally, the easternmost pipe emptied another small section of 
Garrett’s storm sewer. The headwaters site has an agriculture 
field on the west bank, and on the east, there is a grassy field 
(See Figure 4). The second site along GCD was located 4.75 
kilometers from the headwaters at the intersection of County 
Road 23 and GCD (41°20'20.5"N 85°04'42.7"W). This site 
has two residences on the northwest and southeast corners 
and agricultural fields reside on the northeast and southwest 
corners (See Figure 5). This site was chosen because it was 
located roughly halfway between the headwaters and mouth 
of GCD. The last site location is at the mouth of GCD as it 
enters Cedar Creek (41°20'12.2"N 85°03'55.0"W), roughly 6 
kilometers from the headwaters. As seen in Figure 6 this site is 
surrounded by a wooded area. Researchers originally expected 
the nitrate concentrations to be consistent along the length 
of GCD based on the preliminary results from the LaMotte 
TesTabs® kit. However, the Vernier sensor demonstrated that 
nitrate levels decreased along the length of the ditch. The last 
two sites on Cedar Creek were located 50 m upstream and 
downstream of GCD’s mouth Figure 7 and 8 respectively. The 
upstream location served as a control sample site prior to the 
influence of GCD; the downstream location was allotted for 
thorough amalgamation of pollutants from GCD without 
the direct influence of other sources. According to a study on 
y-shaped confluences, there are areas of contaminant concen-
tration after two systems combine, and this is why samples 
were taken along the width of the ditch and creek.⁵
�   Results and Discussion 
The researchers hypothesized that the nitrates would increase 

from upstream GCD to downstream GCD due to runoff from 
the surrounding fields. The data opposes the researcher’s hy-
pothesis of increasing nitrate loading and also presents 
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a trend of lowering concentrations of nitrates throughout the 
stream of GCD. The researchers attributed this to an influx 
of additional water from runoff or other sources with lower 
concentrations of nitrates emptying into GCD. The research 
team found a modest increase, averaging 1.243 ppm, in NO₃- 
concentrations in Cedar Creek after the influence of GCD. 
The researchers also found that the average percent change in 
nitrate concentrations to be 38.1%. It must be noted that while 
the increase of 1.243 ppm is nearly negligible, it still constitutes 
a significant percent increase in nitrate concentrations.

Figure 1: Reference Map.  

GCD Nitrate Concentrations:
The research team began monitoring the available nitrogen 

in the water of GCD in the spring of 2019 with consistent 
results of over 40 ppm, using the LaMotte TesTabs® kits. 
At the onset of investigation for this project, measurements 
throughout the ditch continued to be at 40 ppm and beyond. 
These measurements led the research team to believe that the 
actual values of nitrates within the water were not chang-
ing. However, this conclusion was based on the limitation of 
the test kit itself. The LaMotte TesTabs® kit provides a color 
matching scale divided into three categories (0 ppm, 5ppm, 
20 ppm, and 40 ppm). This did not provide the desired res-
olution the researchers had hoped to find. The research team 

Figure 2: Detailed Map.  

Figure 3: GCD Drainage Tiles Looking North.  

Figure 4: GCD Headwaters Looking West.  

Figure 5: GCD CR 23 Intersection Looking South.  

Figure 6: GCD Mouth Looking South.  

Figure 7: Cedar Creek Upstream Looking East.  

Figure 8: Cedar Creek Downstream Looking East.  

ijhighschoolresearch.org
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then used the Vernier GoDirect® Nitrate Ion Selective sensor 
for measurements (See Table 1).

The measurements in Table 1 show that the concentration of 
nitrates decrease in GCD along the length of the ditch (mov-
ing downstream). In addition to testing the water within the 
ditch, the researchers also tested the water discharged from 
each of the drainage tiles as seen in Figure 3. Each of the tiles 
had low nitrate levels (< 3 ppm). However, the drainage tile 
from the Garrett City Waste Treatment plant was ~55 ppm. 
It is evident the elevated nitrate concentration within GCD 
is a direct result of effluent from the waste treatment plant. 
It should also be noted that the nitrate concentrations with-
in GCD are considerably higher than surrounding drainage 
ditches as well. The research team had measured the nitrate 
levels using the Vernier GoDirect® Nitrate Ion Selective sen-
sor in another drainage ditch, which measured at 0.136 ppm. 
Table 1 also shows a consistent decrease in nitrate concentra-
tion between the headwaters of GCD and its mouth. Based on 
the observation dates, the average decrease was 9.712 ppm, or 
roughly a 43% change over 4.75 kilometers. The research team 
believes this to be because of dilution throughout the ditch. 
As more water with lower nitrate concentrations runs off into 
the ditch, the overall value of nitrates within the ditch lowers 
with it.

Discharge of GCD and Cedar Creek:
Table 2 displayed the discharge of both GCD and Cedar 

Creek. The value for Cedar Creek was found on a USGS 
database,12 while the discharge for GCD was calculated by 
the researchers. The discharge of GCD was found by mea-
suring both the cross-section and the velocity of GCD. The 

Table 1: Nitrate Concentration Values (ppm) of Collection Sites based on 
Collection Date.  

cross-section was calculated by measuring both the depth 
of the creek and the width at that same cross-section. These 
numbers were used to calculate the cross-section by acting as 
the major and minor axis of an ellipse, resulting in 0.36m2. 
The velocity of GCD was calculated by measuring the time 
it took for a flotation device to float downstream 5m. This 
process, repeated three times, showed that the GCD flow was 
0.24 m/s, resulting in a discharge of 0.089 m3/s.

Theoretical and Empirical Nitrate Concentration Dilution 
Values:

The calculated discharge values were used to determine the 
theoretical concentration of nitrates downstream by finding 
the overall nitrates and then determining the concentra-
tion downstream from that data. The research team learned 
through direct measurement using the Vernier GoDirect® 
Nitrate Ion Selective sensor that the concentration of nitrates 
downstream from GCD was 4.341 ppm, as shown in Table 
3. The theoretical value of concentration should have been 
6.451 ppm, resulting in a percent error of 32.7% and a dis-
crepancy of 2.109 ppm. Multiple sources of error could have 
skewed our results. The discharge for Cedar Creek upstream 
was based on the USGS stream gauge data website.¹² The 
nearest stream gauge for Cedar Creek is in downtown Au-
burn, Indiana, approximately 3 km upstream from the sample 
site. The research team also struggled with measuring the 
discharge of GCD with accuracy due to the lack of capable 
equipment. In the future, streamflow meters are suggested to 
compare results between the different methods of stream flow 
determination.

�   Conclusion
Nitrate levels measured in Cedar Creek were greatly affected 

by the high concentration of nitrates within GCD entering 
Cedar Creek. The phrase “dilution is the solution” could lead 
some to argue that the influence of nitrates from GCD had 
a negligible effect on the concentration within Cedar Creek. 
Our study found that the average NO₃- increase in Cedar 
Creek due to GCD was only 1.24 ppm. This increase is un-
detectable using the LaMotte AM-12 The TesTabs® Water 
Investigation Kit, perhaps leading to a false conclusion that 
the incoming nitrates from GCD result in a negligible change 
in nitrate ion concentrations within Cedar Creek. However, an 
alternative conclusion could be reached if one considers not 

Table 2: Discharge in (m3/s) of GCD and Cedar Creek (2020-10-30) 

Table 3: Theoretical and Empirical Nitrate Concentration Dilution Values. 
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simply the increase in nitrates, but rather the percent increase. 
The same data used to show the increase of 1.24 ppm results 
in an average percent increase of 38.1% and a maximum per-
cent increase of 57.3%. It is important to make this distinction 
within this localized environment because GCD represents 
just one of many drainage ditches that feed into Cedar Creek. 
The increase, whether viewed as a nominal increase or percent 
increase, could potentially feed further increases downstream 
as other ditches contribute further pollutants. GCD eventu-
ally empties into Lake Erie making GCD a contributor to 
unhealthy nitrate concentrations in Lake Erie, causing eutro-
phication.⁸ The research team plans to continue their research 
on GCD to determine the effect on the natural environment 
and ecosystem. The nitrates can greatly affect the natural eco-
system of a creek or ditch because of humanity’s effects of the 
natural nitrate concentrations, and it is humans' responsibility 
to take care of the environment. Researchers need to observe 
and take note of the world around them to make sure it can 
function. Keeping the natural environment within the com-
munity protected and preserved should always be the goal of 
environmental scientists.
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ABSTRACT: Since its first discovery in 1937, several dozen types of antihistamines have been identified, and some studies 
have found that certain antihistamines, such as loratadine or ebastine, can also be used as an effective treatment for cancer. 
However, there have been no studies to date that show how levocetirizine, a third-generation antihistamine, affects malignant 
melanoma. When Detroit 551, normal skin cells, and A375SM, melanoma cells, were treated with levocetirizine, a significant 
reduction in cell viability was observed in A275SM compared to Detroit551 at a levocetirizine concentration of 300 µM or higher. 
After 72 hours of 300 µM levocetirizine treatment, the mRNA expression level ratio of Bax/Bcl-2 was more than 3-fold greater 
in A375SM than in Detroit 551, indicating that levocetirizine had a greater impact on the apoptosis in A375SM than in Detroit 
551. These results suggest that levocetirizine more effectively inhibits the proliferation of melanoma cells than that of normal skin 
cells via the expression of apoptosis regulating genes.

KEYWORDS: Cellular and Molecular Biology; Molecular Biology; Antihistamine; Levocetirizine; Melanoma. 

�   Introduction
Histamine is a chemical substance that is found in some 

foods. It is also produced in the body in response to allergic 
reactions, causing swelling, rashes, itching, and sneezing with 
respiratory problems.¹ Histamine supports removing allergens 
from the body.² As such, histamine makes people sneeze, tear 
up, or itch to remove the allergen from the body.² However, 
when the substance is overproduced, it may lead the body to 
overreact and cause various allergy symptoms.²

Antihistamine drugs, therefore, have been developed to treat 
such allergy symptoms caused by histamine. Ever since the first 
clinically-useful antihistamine was introduced in early 1940’s, 
three generations of drug development have taken place.³ The 
first generation includes drugs such as diphenhydramine and 
hydroxyzine.⁴ This class of antihistamine is known to be me-
tabolized by cytochrome P450 in the liver and its side effects 
include sedation, drowsiness, and impaired performance.³ To 
overcome these problems, second generation antihistamines 
were developed, which include terfenadine, loratadine, and ce-
tirizine. As opposed to the first generation, drugs in this class 
are P glycoprotein substrates.⁵ Their structural features great-
ly reduce the compound’s ability to penetrate the blood-brain 
barrier, thereby reducing the unwanted, sedative side effects. 
The main advantage of the second generation antihistamines 
is that, because of their reduced side effects, the drugs can 
be administered at high dosage and also can be applied to 
long-term treatments.³ However, intake of second generation 
antihistamine was still causing people to have headaches, ab-
dominal discomfort, or nausea. To reduce the side effects and 
simplify the pharmacokinetics even further, third generation 
antihistamines were developed, which include fexofenadine, 
norastemizole and, the drug of interest in this study, levoceti-
rizine.⁴ The third-generation drugs are natural metabolites of 

second generation drugs designed to increase the efficiency of 
their parent compounds.³    

Along the course of their development, some antihistamine 
drugs demonstrated their ability to also inhibit cancer growth.⁶ 
An in vitro study of cationic amphiphilic drugs (CAD) on 
lung cancer showed that antihistamine drug (desloratadine) 
can reduce the number of live cancer cells by destabilizing 
their lysosomal membrane, which not only has a direct effect 
on cell mortality but also can enhance the penetration of oth-
er chemotherapeutic drugs.⁷ These antihistamines’ ability to 
selectively kill cancer cells can be explained by their state of 
being weak bases, which preferentially accumulate in acidic tu-
mor cells.⁷ Another study has shown that administration of 
loratadine and desloratadine can increase the survival rate of 
breast cancer patients.⁸ 

Levocetirizine, one of the most recently introduced 
third-generation antihistamines, has yet to be analyzed for its 
potential as an anti-cancer drug. Besides the advantage of its 
minimal side effects, levocetirizine was chosen as the drug of 
interest because of its optimal distribution volume. By con-
vention, a value of distribution between 0.1 and 0.6 L/kg is 
considered most efficient for a drug molecule because a distri-
bution of less than 0.1 L/kg typically means that the molecule 
is not uniformly distributed in body fluids and distribution of 
more than 0.6 L/kg may suggest that the molecule can diffuse 
not only through extracellular fluid but also intracellularly as 
well.⁹ Levocetirizine lies perfectly in between these two values 
(0.4 L/kg), which is significantly lower than that of deslo-
ratadine, a drug that has already been proven to be effective 
in cancer treatment.⁹ In this study, we aim to unveil levoceti-
rizine’s potential as a selective drug for melanoma and compare 
its ability to regulate apoptosis signals in healthy and cancer 
cells.
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�   Materials and Methods
Cell culture:
Detroit 551 and A375SM cell lines were purchased from 

Korea Cell Line Bank. All cell lines were routinely cultured 
in RPMI 1640 medium (Gibco) supplemented with 10% in-
activated FBS (Hyclone), 100 U/mL penicillin and 100 µg/
mL streptomycin (Gibco). Cells were maintained at 37 °C in 
a 5 % CO₂ incubator.

Levocetirizine treatment:
Stock solution was prepared by dissolving 5.0 mg of Levo-

cetirizine in 1.0827 mL of water. The mixed solution was 
vortexed for 5 mins to ensure all Levocetirizine powder dis-
solved completely. Levocetirizine was used to treat normal 
cells (Detroit 551) and cancer cells (A375SM) with concen-
trations of 0 µM, 100 µM, 200 µM, 300 µM, 400 µM, 600 
µM, 900 µM and 1200 µM. Then, all samples were incubated 
for 72 h. 

Cell viability analysis:
The cells were trypsinized at indicated time and the per-

centage of viable cells was measured by counting cells, which 
were stained by acridine orange/propidium iodide, an apop-
tosis indicator, with the Luna-FL Dual Fluorescence Cell 
Counter (Logos Biosystems).

Total RNA extraction:
The total RNA was extracted from the cells using RNA-

spin Total RNA Extraction Kit (Intronbio). Cells were 
harvested in 1.5 mL tubes and were centrifuged in order to 
remove RPMI 1640. 350 µL of R-buffer was added to the 
cells, which were then vortexed for 30 s. The lysate was in-
cubated for 5 minutes and was vortexed for 30 s. Then, 350 
µL of 70% ethanol was added to the lysate, and they were 
mixed together. The mixture was loaded to the column and 
was centrifuged for 30 s. After centrifuge, the flow-through 
was discarded and the spin column back was placed back in 
the collection tube. 700 µL of washing buffer A was added 
to the RNA-spin column and the tubes were centrifuged for 
30 s. The flow-through was discarded and the spin column 
back was placed back in the collection tube. Then, 700 µL 
of washing buffer B was added to the column in order to 
wash the column and the column was centrifuged for thirty 
seconds. Filtrates were discarded and the spin column was 
placed back in the collection tube. The column was centri-
fuged for 2 min in order to dry the RNA-spin™ membrane. 
The column was then placed in a clean 1.5 mL microcentri-
fuge tube and 50 µL of the elution buffer was directly added 
onto the membrane. The column was incubated at RT for one 
minute and was centrifuged for 1 min to elute. 

cDNA synthesis:
cDNA was synthesized from the extracted RNA us-

ing TOPscript™ Reverse Transcriptase (Enzynomics). The 
cDNA reaction was prepared as follows: 5 µL of extracted 
RNA, 1 µL of oligodT (20 pmol), 2 µL 10x reaction buffer, 1 
µL RT enzyme, and water was added up to 20 µL. The cDNA 
synthesis was performed as follows: 25 °C for 10 min, 42 °C 
for 1 h, 95 °C for 5 min, and 4 °C for infinite.  

Primer sequence:

Polymerase Chain Reaction:
The PCR samples were prepared separately for three dif-

ferent targeting genes: Bax, Bcl-2, and GAPDH. For each 
reaction, 1 µL of Forward primer, 1 µL of Reverse primer, 1 
µL of cDNA, and 17 µL of water was added to AccuPower 
PCR PreMix tubes(Bioneer). The PCR was performed as fol-
lows: Step 1: 95 °C for 5 mins, Step 2: 95 °C for 30 s, 55 °C 
for 1 min, and 72 °C for 30 s, then Step 2 was repeated for 45 
cycles, Step 3: 72 °C for 5 min, and Step 4: 10 °C for infinite. 

Agarose gel electrophoresis:
1.5 % (w/v) Agarose gel was prepared using 1.5 g of agarose 

mixed with 100 mL of Tris-borate-EDTA (TBE) buffer. The 
mixture was microwaved for 3 min until agarose powder was 
completely dissolved in the buffer. Then, RedSafe Nucleic 
Acid Staining Solution (Intron) was added to the solution. 
The gel caster was prepared, and the solution was poured into 
the gel caster and left to sit for 30 min.
�   Results and Discussion
The purpose of the experiment was to see how the numbers 

of live cells of Detroit 551 and A375SM were affected after 
levocetirizine treatment. The cells were treated with different 
concentrations of levocetirizine for 72 hours: 0 µM, 100 µM, 
200 µM, 300 µM, 400 µM, 600 µM, 900 µM, and 1200 µM. 
As seen in Figure 1, the number of live cells decreased for 
both Detroit 551 and A375SM with increasing concentra-
tions of levocetirizine. At lower concentrations, cell viability 
did not show any significant difference between the two cell 
types. From 300 µM, A375SM cells exhibited significantly 
lower viability compared to Detroit 551 cells (p=0.045), and 
the difference further increased for 600 µM (p=0.021) and 
900 µM (p=0.019) concentrations. At 1,200 µM concentra-
tion, both no-live cells were present for both cell types (p= 
0.91).

Figure 8: Analysis of cell viability after treatment of levocetirizine for 72 
hours in Detroit 551 and A375SM cell lines. n=3, Student’s t-test, * p < 0.05. 
The graph indicates that when varying concentrations of levocetirizine were 
used to treat the live cells, a greater proportion of the live cells died as the 
magnitude of concentration increased. 
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mechanism of action, mRNA expression level revealed that 
levocetirizine may promote cancer cell death via regulation of 
apoptosis regulating genes.

Histamine has the ability to manage proliferation in can-
cerous cells.¹⁰ When histamine receptors bind with cancer cell 
lines, it is one of the main components in exerting prolifer-
ative or antiproliferative changes in the microenvironment.¹⁰ 
Therefore, an antihistamine can be used for blocking cancer 
cell proliferation. 

Several previous research papers have focused on the effect 
of antihistamines, such as desloratadine, cetirizine, loratadine, 
clemastine, ebastine, and fexofenadine, on cancer cells.⁸,¹¹ 
Clinical studies indicate that treatment of desloratadine with 
loratadine increased melanoma patient survival rates while 
other antihistamines showed no significant survival effect.6 
Through this study, it was discovered that levocetirizine ef-
fectively induces cell death on melanoma cells while having 
a relatively low effect on healthy skin cells. Since it has been 
suggested that a high ratio of Bax to Bcl-2 can lead to the 
collapse of mitochondrial membrane potential, resulting in cell 
apoptosis, these results on mRNA analysis can suggest that 
levocetirizine may induce cell death by mitochondrial-depen-
dent apoptosis.¹²,¹³ However, further studies are needed to 
investigate whether levocetirizine induces cell death through 
disrupting mitochondrial membrane potential. Also, a com-
parison study with other antihistamines that have already been 
shown to be effective against cancer cells is required to support 
the initial hypothesis that levocetirizine may exhibit higher ef-
ficiency as a result of its optimal distribution volume.

In conclusion, this study reported that levocetirizine induces 
apoptosis in melanoma. Induction of apoptosis by levoceti-
rizine induced apoptosis was achieved by up-regulation of Bax 
and down-regulation of Bcl2. These observations show that ef-
fective elimination of melanoma cells can be exhibited without 
inducing a high level of cell death in normal cells by levoceti-
rizine treatment.
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Through the result of this experiment, another potential use 
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healthy cells. As a possible explanation for their mechanism 
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levocetirizine treatment on Detroit 551 and A375SM cell lines. (A) mRNA 
expression levels of Bax, Bcl-2, and GAPDH were analyzed by agarose 
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Detroit 551 and A375SM after 300 µM levocetirizine treatment. n=3, 
Student’s t-test, * p < 0.05. Figure 2A indicates that between using 0 µM of 
levocetirizine and using 300 µM of levocetirizine to treat the live cells, using 
300 µM of levocetirizine increased the expression level of Bax and decreased 
the expression level of Bcl-2 in both Detroit 551 and A375SM. The higher 
ratio in A375SM in Figure 2B indicates that A375SM is more sensitive to 
levocetirizine dependent apoptosis than Detroit 551.
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ABSTRACT: Chlorine is a chemical element most widely used for water disinfection. It can be found in small amounts in 
drinking water and swimming pools. However, some strains of bacteria can survive under chlorine treatment, and they are called 
chlorine-resistant bacteria (CRB). The purpose of this study is to develop a novel antibacterial treatment of chlorine-induced 
antibiotic resistance in Escherichia coli (E. coli). Twelve water samples from a swimming pool were collected and screened for 
bacteria contamination using agar plates. The isolated bacterial strain was identified using BLAST sequence alignment of the 
16S rRNA gene sequence. The bacterial growth was analyzed by measuring the optical density (OD) at 600 nm wavelength using 
a spectrometer. DNase I was used to treat the bacteria samples to measure the antibacterial effect under various concentrations 
of chlorine. Through screening, bacterial contamination in the plate with water from the edge of the main pool was detected. 
Then, DNA purification was performed to isolate the 16S rRNA gene of the bacteria. PCR was used to amplify the DNA 
sample, for which Sanger sequencing arranged about 800 base pairs of DNA sequence. The sequence alignment was identified 
as staphylococcus (100% match). Subsequently, staphylococcus and E. coli were treated in different chlorine concentrations, and 
staphylococcus showed higher chlorine resistance of up to 1 ppm chlorine concentration. In order to inhibit the growth of CRB, 
DNase I was used as a treatment. Based on the growth curve, it was discovered that DNase I effectively kills bacteria at 10 ppm 
chlorine concentration. DNase I treatment may degrade the chlorine-resistant genes and inhibit the growth rate of chlorine-
resistant staphylococcus isolated from the swimming pool. The obtained result suggests that DNase I treatment may provide the 
basis for a new antibacterial approach to inhibit the growth of the chlorine-resistant bacteria.

KEYWORDS: Environment; Biology; Chlorine; Swimming pool; Chlorine Resistant Bacteria (CRB). 

�   Introduction
Chlorine is a common, effective disinfectant for treating 

pathogens including bacteria, viruses, and parasites by oxi-
dizing cell membranes to result in corrosive tissue damage.¹ 
Around 0.2-1.0 ppm is added to drinking water, and around 
1.0-3.0 ppm is added to swimming pools.² The use of chlorine 
has significantly reduced the occurrence of waterborne diseases, 
and it has played a pivotal role in modern water purification.³ 

Chlorine-resistant bacteria (CRB) are bacteria that are re-
sistant to chlorine disinfection. This evolves as a result of the 
process of chlorination; it promotes the growth of antibi-
otic-resistant bacteria.⁴ Bacteria develop resistance through 
genetic mutation or transmission of antibiotic genes from oth-
er bacteria.⁵ Some CRB even exhibit pathogenic traits along 
with antibiotic resistance. However, even nonpathogenic CRB 
must be closely observed since it may later develop to become 
pathogenic. The central problem with the current method of 
chlorine disinfection is that it does not serve as an effective 
treatment for such CRB.⁶   

Bacteria found in chlorinated water samples may be more 
chlorine resistant compared to those found in pre-chlorinated 
water samples.⁵  Since chlorine disinfection is the most com-
mon method of water purification, it is essential to provide 
a solution to the possible side effects of chlorine.⁷ Moreover, 
bacterial chlorine-resistance can grow stronger over multiple 
generations; the magnitude of threats posed by CRB may 

become greater over time.⁸ This development of chlorine 
resistance is recognized as a global threat in the scientific com-
munity.⁹ Thus, this study attempts to propose a method for a 
novel antibacterial treatment to target CRB, while minimizing 
the potential side effects. 

Previous studies have suggested that CRB can be generat-
ed by natural DNA transformation.⁵ It was claimed that the 
process of chlorination mediates the permeabilization of the 
cell membrane and leads to the facilitation of the horizontal 
transfer of antibiotic-resistant genes in bacteria. This study 
hypothesized that degrading DNA will deter this process of 
chlorine-resistant gene transfer, which, in turn, will effectively 
inhibit the growth of CRB. In order to inhibit this gene trans-
fer, the cells were treated with Deoxyribonuclease I (DNase I) 
in this study. DNase I is an endonuclease that degrades DNA 
through cleaving chains of nucleotides at phosphodiester link-
ages.¹⁰ It is also known to play a role in DNA fragmentation.¹¹
�   Methods
Sample water collection:
Twelve sterilized water bottles were prepared in order to 

collect water samples from a pool (Figure 1). At the Gwangju 
Nambu University International Swimming Pool, there are 
three pools: the main pool, a warm-up pool, and a diving pool. 
From each swimming pool, water samples were taken from 
two locations: the center and the edge. This was to account for 
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possible differences in the presence of bacteria depending on 
different locations. We predicted that there would be a higher 
chance of finding bacterial colonies at the edge of the pool, 
as it is exposed to a higher frequency of contact with people 
both in and out of the water.

Contamination screening for water samples:
To screen for bacteria contamination, agar plates were pre-

pared as shown in Figure 2. 1.5 g of bacto-agar (BD Science) 
and 3 g of Luria-Bertani (LB) broth (BD Science) were dis-
solved in 110 mL of distilled water and were sterilized by 
autoclaving. Then, the solution was poured into the plates. 
After the agar plates were solidified, 2 mL of water samples 
from the swimming pool was added to the plate and placed 
in a 37 oC incubator for 18 hours.

DNA extraction from isolated bacteria:
After culturing the isolated bacteria on an agar plate in 

fresh LB solution for 16 hours, QIAamp DNA Mini Kit 
(Qiagen) was used to extract the genomic DNA. First, the 
bacteria were lysed to disrupt the cell membrane and nucleus. 
The lysis solution was then moved to a column-containing 
tube, where the extracted DNA was bound to a spin column. 
Then, washing buffer was added to remove other cellular 
components from the column. Finally, an elution buffer was 
added to collect the DNA.

16S rRNA gene sequencing:
The following primer sequence was used for 

16S rRNA gene amplification: forward primer: 5’- 
AGAGTTTGATCCTGGCTCAG -3', reverse primer: 
5’- CCGTCAATTCCTTTRAGTTT -3’. Sanger sequenc-
ing was used to identify the bacteria sequence from the 

amplified DNA region. Sanger sequencing service was pro-
vided by Bioneer (Biotech in Korea).

BLAST sequence alignment tool:
BLAST is a web-based sequence alignment program 

that compares the query DNA sequence with a database of 
sequences.¹² This tool is often used to identify unknown bac-
teria strains. The query sequence was selected to be ~700 bp 
of the 16S rRNA gene sequence from isolated bacteria. 100% 
identical sequence was analyzed through BLAST alignment 
tool.

Bacteria growth curve analysis:
The growth of bacteria in liquid culture media with LB 

broth (Gibco) was measured using a spectrometer (BioteK) 
at optical density of 600 nm (OD600), which represents the 
microbial cell growth.

DNase I treatment:
20 units of DNase I (Enzynomics) were used on the bac-

teria. The DNase I was used as a treatment on the bacteria 
during indicated time points in the figures below. 

 �   Results and Discussion

To determine the presence of bacteria, agar plates were 
used. Agar plates are petri dishes consisting of agar, a medium 
used to culture microbes and microorganisms. LB Broth was 
also added to the agar plates to facilitate the growth of bac-
terial colonies. Presence of bacteria can be visibly identified 
through the formation of white circular shapes. 

Water samples were collected from three different pools 
each at the center and edge, making a total of six different lo-
cations. A bacterial colony was only detected in the agar plate 
with water sample taken from the edge of the main pool, in-
dicated by the small, white circle on the plate. No colonies 
were formed in the other 5 water samples (Figure 3).

The objective of the next experiment was to identify the 
type of bacterial strain found in the swimming pool. One of 
the common methods for identification of bacteria is through 
DNA sequencing. First, genomic DNA was extracted from 
the isolated bacteria. Then, polymerase chain reaction (PCR) 
was used to amplify the 16S rRNA gene. Previous studies 
showed that analyzing the 16S rRNA gene sequence is com-
monly used for identifying the type of bacterial strain.¹³

Figure 1: Water samples were collected from both the center and edge of 
three swimming pools: Warm up pool, main pool, and diving pool (Gwangju 
Nambu University International Swimming Pool). 

Figure 2: Agar plates were prepared with 10 mL of solution of bacto-agar 
and LB broth. 

Figure 3: CRB in swimming pools were screened with agar plates after 3 
days of incubation. One bacteria colony was detected on the water sample 
isolated from the main pool (edge). The magnified image of the colony is 
shown on the bottom left corner. Scale bar = 5 mm. 
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coccus still showed a high level of cell density. 1 ppm is the com-
mon chlorine concentration that can be found in swimming 
pools. At 10 ppm, the cell density of staphylococcus dramatically 
decreased but a small population of cells were still able to sur-
vive. At concentrations greater or equal to 100 ppm chlorine, 
both staphylococcus and E. coli were not able to grow. There-
fore, it can be concluded that the isolated staphylococcus showed 
chlorine resistance up to 10 ppm (Figure 5).

This experiment aimed to find the optimal concentration of 
DNase I that inhibits the growth of the isolated Staphylococ-
cus. Five different concentrations of DNase I treatment were 
tested after 48 hours of incubation. As shown in Figure 6, ab-
sorbance value decreases until 20 units of DNase I treatment 
and the level of reduction is saturated at higher concentrations. 
Since the goal was to find the minimum concentration with 
the highest effect on cell growth, 20 units seemed to be the 
optimal concentration for DNase I treatment. 

To finally determine the effect of DNase I treatment on 
the growth of chlorine resistant staphylococcus, two different 
concentrations of chlorine solution (1 ppm and 10 ppm) were 
tested on the isolated staphylococcus from the swimming pool. 
For the two concentration conditions, cells were grown for 4 
days in presence or absence of 20 units of DNase I. 

From Figure 7A, it can be concluded that DNase I treat-
ment did not have a significant effect on the bacterial growth 
under 1 ppm chlorine concentration. From Figure 7B, it can 
be concluded that DNase I treatment effectively inhibits the 
bacterial growth when cells are grown in 10 ppm chlorine con-
centration.

Subsequently, Sanger sequencing was used to identify about 
800 base pair sequences. This sequence information was pro-
cessed through a web sequence alignment tool called BLAST 
in order to align the sequence stored in the current genome 
database. The bacterial strain showed 100% match with the 
Staphylococcus bacteria sequence (Figure 4).

The purpose of this experiment was to test the chlorine re-
sistance of the isolated staphylococcus. In order to do so, 7 
different concentrations of chlorine solutions were prepared, 
and the cell density of each Escherichia coli (E. Coli) and staph-
ylococcus was measured after 48 hours of growth. OD600 
represents the total cell density of the bacteria. E. coli was also 
tested as a negative control for chlorine resistance.  

Without the addition of chlorine, both E. coli and Staphy-
lococcus showed high levels of cell density. At 1 ppm chlorine 
concentration, E. coli was unable to grow, whereas staphylococcus 

Figure 5: Proliferation of (A) Staphylococcus and (B) E. coli in various 
chlorine concentrations measured by OD 600. 

Figure 7: Comparison of DNase I treatment effect on staphylococcus growth 
rate during 4 days of incubation under (A) 1 ppm and (B) 10 ppm chlorine 
treatment. DNase I treatment inhibits the CRB proliferation under 10 ppm 
chlorine condition, whereas it has minimal effect on CRB proliferation under 
1 ppm chlorine condition.

Figure 4: 16S rRNA DNA sequencing result of CRB sample shows 100% 
sequence identity with Staphylococcus sequence.

Figure 6: Effect of various concentrations of DNase I treatment on cell 
survival of Staphylococcus.
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The result can be interpreted as DNase I treatment is unable 
to effectively inhibit the growth of bacteria that has already 
developed chlorine resistance but is effective in a new envi-
ronment (with a greater chlorine concentration) so that CRB 
has difficulty adjusting and adapting. In conclusion, DNase I 
blocks the transfer of chlorine resistant genes so that bacteria 
cannot survive in environments with larger amounts of chlo-
rine added.
�   Conclusion
The bacterial colony detected in the swimming pool was 

identified as staphylococcus. Staphylococcus is a genus of bac-
teria under the family Staphylococcaceae. Its name is derived 
from its grape-like appearance under a microscope. It often 
causes skin infection as well as other diseases such as pneu-
monia and bone infections in rare cases. Staphylococcus is 
occasionally found in swimming pools.¹⁴ Compared to E. coli 
bacteria, it is expected to have higher resistance to chlorinat-
ed water, as it is more commonly found in pools. Therefore, 
a new method was created and tested in order to inhibit the 
growth of such CRB. The results of this study suggest that 
DNase I treatment can effectively inhibit the growth of CRB 
in a 10 ppm chlorine solution, which would otherwise have 
been resistant to the antibacterial effect of chlorine. This can 
be explained by the possible DNase I-induced degradation of 
DNA that is responsible for chlorine resistance. The results 
suggest that DNase I treatment may provide the basis for a 
new antibacterial approach to inhibit the growth of the chlo-
rine-resistant bacteria.

Based on the results of the study, further exploration is 
needed to determine the effectiveness and safety of DNase I 
treatment. Since chlorine resistance may grow stronger over an 
elongated period, the issue of CRB may be exacerbated over 
time. As a possible solution to the elevating threat of CRB on 
the environment, this study hopes to provide a clue to inhibit 
harmful microbial growth more effectively.
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ABSTRACT: While organizations such as Amazon have used machine learning-based algorithms for their hiring processes, 
diverse employees are not equitably hired due to biased datasets. Current approaches to debias machine learning algorithms are 
expensive and difficult to implement. This research uses a Generative Adversarial Network (GAN) to debias a multi-class machine 
learning classifier’s prediction of a person’s income with respect to their race and gender. First, it is shown that the multi-class 
classifier, which uses California census data, is biased through a quantitative score and high misclassification rates. Next, taking 
inspiration from classical GAN architecture, two neural networks are created: a predictive network that takes in a person’s features, 
excluding race and gender, to predict their income; and an adversarial network that infers the person’s race and gender from the 
predictive network. To prove the generalizability of the GAN, the GAN is used to debias a Natural Language Processing (NLP) 
task: a word vector association task trained on 1,000 random Wikipedia articles. A decrease in bias is observed when the GAN 
is applied to the multi-class classifier and the word vector association task. The classifier, which originally had p-% of 39% for 
race and 30% for gender, increased to 76% for race and 82% for gender after applying the GAN. It has been shown that artificial 
intelligence, more specifically GANs, can be used to decrease the bias in machine learning algorithm outputs; the algorithm can 
be easily applied to real-world situations such as hiring employees or approving loans.

KEYWORDS: Robotics and Intelligent Machines; Machine Learning; Gender Bias; Racial Bias; Neural Network; Generative 
Adversarial Network (GAN); Natural Language Processing (NLP). 

� Introduction

Why Eliminating Bias Is Important: 
For the purposes of this paper, bias is defined as a condition 

where an algorithm when queried for data returns one result at 
a higher rate than another, based on its reading of ‘sensitive at-
tributes’ such as race and gender. In other words, an algorithm 
is biased if it unfairly prefers some groups of data over others. 
The GAN algorithm proposed in this research debiases ex-
isting algorithms that prioritize men over women, and White 
people over people who are Black, Asian, or Native American. 
A more detailed and quantifiable definition of fairness can be 
found in the “Meaning of Fairness” section of this paper. 

Machine learning consists of algorithms that are exposed to 
training data which then improve their abilities through ex-
perience. Unfortunately, biases are often associated with this 
process. For example, the word doctor may typically be associ-
ated with a man because of the bias in the inputted dataset. As 
machine learning is trained on data, bias present in any given 
data is paralleled in the machine learning algorithm. 

There are disparities in life that cannot be debiased: for ex-
ample, women are more likely to live longer than men. A bias 
exists wherever there is a disparity in results that does not nec-
essarily reflect reality. Disparities in data lead to biased results 
from the algorithms that are trained on said data. For instance, 
a woman may be statistically more likely to be a nurse than a 
man, but if this fact prevents men from becoming nurses it is 
an example of bias. When this fact does not prevent men from 
becoming nurses, it is an example of disparity. A biased result 
can easily occur in machine learning. Considering the prior ex-

ample, here is a scenario that could occur. First, an algorithm 
takes data containing a disparity—such as a dataset showing 
that more women are nurses than men—and trains itself to 
implicitly recognize that women are better nurses than men 
because of that original disparity. Over time, the algorithm 
perpetuates its skewed understanding by recommending that a 
company should hire more women than men for nursing roles. 
This project does not create a solution for algorithms that are 
biased by design. Rather, this approach attempts to decrease 
the bias in machine learning algorithms that are created be-
cause they perpetuate any unjust disparities that exist in the 
data they are given.

Ideally, unbiased data would be accessible. However, this is 
not always possible as equitable data are not easily obtainable. 
Current approaches include collecting more data. However, 
this is expensive, hard to implement, and time-consuming. 
Thus, contemporary research has found that most industry 
leaders are not taking this approach.

As artificial intelligence becomes a pervasive tool in many as-
pects of daily life, assisting in operations from job recruitment 
to loan approval and law enforcement, it becomes increasingly 
important to understand and combat the tendency of machine 
learning algorithms to reproduce any bias contained in the data 
they use. Corporations such as Amazon, Hilton Worldwide 
Holdings, and Goldman Sachs have expressed their intention 
to use machine learning algorithms to automate aspects of 
their hiring processes. Amazon has experimented with using 
an algorithm to filter a pool of applicants, determine the top 
candidates according to parameters, and then send only the se-
lected applications to the human resources department.¹ 
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Amazon’s experimental hiring tool was revealed to be down-
grading female applicants because it was recreating disparities 
in its dataset. Men had traditionally been more successful than 
women at obtaining jobs at the company, a reality attributable 
to the long-standing gender gap in the technology industry, 
so the algorithm had taught itself that male candidates were 
more likely to be successful applicants than female candidates. 
As a result, the algorithm began downgrading the resumes of 
women such that “it penalized resumes that included the word 
‘women’s,’ as in ‘women’s chess club captain.’ And it downgrad-
ed graduates of two all-women’s colleges.”¹ Although Amazon 
edited the algorithm so as to make it “neutral” to these terms, 
critics remain concerned that these changes cannot guarantee 
that the algorithm will not teach itself to develop other types 
of prejudice based on disparities in the data it uses.¹

Framework:
For the general process of machine learning, data are first 

inputted into the neural network. Processing then takes place 
in the hidden layers through connections. Patterns are found 
and weights are assigned to each pattern, depending on how 
important that pattern seems. Finally, the hidden layers link 
to the output layer, where the outputs are retrieved.

A Generative Adversarial Network, or GAN, is a specif-
ic type of machine learning where two neural networks, a 
generator and a discriminator, compete with each other in 
a zero-sum game. Typically, the generator creates fake data 
and the discriminator attempts to classify the data. Then, the 
discriminator will adjust either the generator or itself in an 
attempt to improve its accuracy. This process, also known as 
adversarial learning, continues until the discriminator is not 
able to distinguish between the real and the generated data. 

Natural Language Processing, or NLP, is a subfield of 
linguistics, computer science, and artificial intelligence that 
discovers interactions between computers and human lan-
guage. It focuses on computer processing and analyzing large 
amounts of natural language data. NLP uses word vectors, or 
geometrical representations of words, to calculate word sim-
ilarities.

Related Works:
Buolamwini et al. (2018) highlight how machine learning 

algorithms, particularly the facial recognition software creat-
ed by Microsoft, IBM, and Face++, may discriminate against 
users based on attributes such as race and gender.² While a 
program’s algorithm itself may not be biased, when data used 
to train the algorithm contains disparities, these differences 
can be replicated in the results, thus producing biased out-
comes. Buolamwini et al. show how the data inputted into 
IBM, Microsoft, and Face++’s facial analysis algorithms were 
disproportionately composed of lighter-skinned subjects and 
contained more male than female data points. As a result, 
these algorithms often misclassified darker-skinned females, 
with error rates up to 34.7%. In contrast, the maximum error 
rate for lighter-skinned males was only 0.8%.² In their study, 
Buolamwini et al. provide real-world examples of the grave 
consequences that result from datasets that do not fairly rep-
resent all populations, warning that biased facial recognition 

software could threaten to result in unfair convictions and 
influence health care outcomes. The paper concludes by de-
scribing how a solution is urgently needed in order to prevent 
cultural biases from being perpetuated by machine learning 
algorithms, especially when AI is “rapidly infiltrating every 
aspect of society.”²

Weber et al. (2020) discusses how artificial intelligence 
used to determine loan eligibility does not produce fair results 
due to its reliance on historical data which are “ irreparably 
poisoned by structural and cultural racism, past and present.”³ 
Although redlining was outlawed in the 1968 Fair Housing 
Act, machine learning algorithms continue to use these maps 
to determine loan eligibility, thus discriminating against peo-
ple of color such that “today, tens of millions of creditworthy 
prospective borrowers are excluded from credit access or 
charged with ‘racial premiums’ because their creditworthiness 
is determined by models failing to disambiguate historical 
oppression and present merit.”³,⁴ Weber et al.’s research sheds 
light on the drastic changes that need to be made to machine 
learning algorithms if they are used to determine loans. As the 
study states, the Black Lives Matter movement has demon-
strated that the United States continues to discriminate based 
on race, and these algorithms are part of the problem.³

Recently, there have been several attempts to use artificial 
intelligence in order to solve the biases that machine learn-
ing algorithms reproduce as a result of the disparities in their 
collected data.

Zhang et al. (2018) used adversarial learning, more specif-
ically logistic regression, in an attempt to eliminate the bias 
in results produced by data including gender disparities.⁵ 
Logistic regression is a statistical model that determines if a 
variable has an effect on the output. Zhang et al. established 
three variables: X, y, and Z, where X is the input, which is 
census data in this example; y is the prediction, such as an 
income bracket; and Z is the gender or zip code. Zhang et al. 
did not include race in their study. The objective of Zhang et 
al.’s algorithm is to maximize the ability to predict y, while 
minimizing the ability to predict Z, given an input X. Thus, 
logistic regression is used in order to ensure that gender does 
not have an effect on the occupation output. The Zhang et 
al. study also sought to reduce the bias in word embeddings. 
Through an application of Bolukbasi e t a l.’s methodology, 
Zhang et al. were able to reduce the number of biased anal-
ogies that they originally observed. Although, some basic 
gendered analogies such as man : woman :: he : she were still 
preserved.⁵ It is important to note that while Zhang et al.’s 
research developed a promising approach, it still produced a 
biased result.

Beutel et al. (2018) used adversarial learning to remove 
certain sensitive attributes in order to not expose the ma-
chine learning algorithm to these attributes.⁶ As a result, 
the algorithm was able to provide its output, whether that 
be a recommendation to hire someone or to approve a loan, 
without being influenced by characteristics such as one’s race, 
gender, or ethnicity.⁶ However, even if the algorithm was not 
exposed to these sensitive attributes, it still produced a biased 
result due to the patterns in the data.
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tiers to a two-layer neural network with many of the param-
eters altered. Subsequently, the proposed GAN algorithm is 
then applied to an NLP word vector association task in an 
attempt to debias word associations so as to demonstrate the 
generalizability of the debiasing GAN algorithm to a different 
dataset and underlying algorithm.

Research Question and Hypothesis:
In past research, GANs have been used to increase algo-

rithmic fairness by creating or collecting new data that do not 
contain disparities. Instead of taking this expensive approach 
of collecting new data, inspiration is drawn to create two neu-
ral networks.¹⁰

This paper explores whether or not implementing a GAN 
algorithm to create a classifier-adversary neural network 
structure will be able to decrease the biased results of a 
multi-class classifier according to the p-% rule. To prove the 
generalizability of this approach, the GAN algorithm is also 
applied to decrease the biased results of an NLP word vector 
association task.

It is expected that this GAN algorithm will be able to de-
crease the biased results of both machine learning tasks as it 
takes advantage of the zero-sum-game nature of adversarial 
learning in order to improve the classification accuracy and 
word vector associations while minimizing the ability to pre-
dict certain attributes such as race and gender. When applied, 
this algorithm should ensure that companies are not able to 
detect one’s race or gender when determining whether or not 
they hire a candidate.

� Methods
Setup and Dataset for a GAN Application to a Multi-Class 

Classifier:
Taking inspiration from Bolukbasi et al. (2016), Beutel et 

al. (2017), Zhang et al. (2018), and Tonk (2018), training of 
the machine learning algorithm and evaluation of its fairness 
is completed using the University of California, Irvine (UCI) 
census data.⁵-⁷,⁹,¹¹ As the ultimate goal is to create an algorithm 
that can be used by financial institutions and the government, 
it is appropriate that publicly available census data are chosen 
for this study, which represents 30,940 individuals. Details on 
the features of this dataset are included in Table 1.

To establish a baseline before implementing the GAN, the 
UCI census dataset was used to train and test the ability of a 
linear multi-class classifier to predict whether or not a given 
person in the dataset earned more than a $50,000 salary per 
year. First, the dataset is split in a 70:20:10 ratio into a training 
set, testing set, and validation set. 

In order to do this, the data are divided into three sets: 
features, targets, and sensitive attributes. The characteristics, 
represented by X, contain attributes such as age, education, 
and marital status, which the multi-class classifier uses to 
make predictions. The targets, represented by y, include the la-
bels that the classification algorithm outputs: whether or not 
one’s income is above $50,000 a year. The sensitive attributes, 
represented by Z, contain the multi-class attributes that need 
to be represented fairly: Black, White, Asian/Pacific Islander, 
and American Indian for race; and male and female for gender. 
The sensitive attributes are not in the set of machine learning 

While Tonk (2018) acknowledges that more papers are being 
published on the issue of fairness and bias in machine learning, 
he states that strides still need to be made in the field. Tonk 
describes how machine learning models are increasingly being 
used in everyday decision-making processes and states that the 
fairness of the results produced by these algorithms must be 
prioritized so as to “mitigate emergent discrimination” in ma-
chine learning models.⁷ Tonk’s study trained a model making 
income level predictions and then used adversarial learning to 
make the output fairer. This work was inspired by Louppe et 
al.’s 2017 paper, which shows how adversarial networks can be 
used when the training data do not accurately represent the 
world as a whole.⁷,⁸ Tonk’s approach used adversarial learning 
to attempt to debias a linear binary classifier’s ability to predict 
whether a person earned a salary of more than $50,000 with-
out basing those predictions on biased assessments such as race 
and gender.⁷ It is important to note that Tonk did not consider 
other racial groups besides Black and White in his study. Tonk 
used a p-% metric value to measure the bias of the binary clas-
sifier’s result before and after an adversarial learning algorithm 
was applied; he noticed a decrease in bias of more than 40% 
for both race and gender. Tonk’s work takes the conclusions 
made in Beutel et al. further, stating that although eliminating 
the adversarial network’s ability to see characteristics like race 
or gender does improve the biased results, it does not correct 
them entirely.⁷

Bolukbasi et al. (2016) focused on the bias created when 
word vectors are trained on Google News articles.⁹ Word 
embeddings are described as vectors that represent words, act-
ing as a dictionary which attempts to interpret the meaning 
of a word for computer programs. The Google News articles 
used in the study contain immense amounts of discriminato-
ry perspectives and associations, which were in turn amplified 
by the machine learning algorithms that used them as data. 
To attempt to debias the results, Bolukbasi et al. modified the 
embeddings to remove gendered associations between words, 
such as woman and nurse, while also preserving appropriate 
associations, such as between woman and queen.⁹ In order to 
do this, two steps were used: “The first step, called Identify 
gender subspace, is to identify a direction (or, more generally, 
a subspace) of the embedding that captures the bias. For the 
second step, we define two options: Neutralize and Equalize 
or Soften. Neutralize ensures that gender neutral words are 
zero in the gender subspace. Equalize perfectly equalizes sets 
of words outside the subspace and thereby enforces the prop-
erty that any neutral word is equidistant to all words in each 
equality set.”⁹ Bolukbasi et al.’s machine learning model result-
ed in a 13% decrease in gender-biased results.⁹ However, their 
approach is very specific and not easily applicable to other sit-
uations as it can only be applied to word vectors. 

In this paper, inspiration is drawn from Zhang et al., and the 
methods and p-% metric used to measure bias are similar to 
Tonk’s study; however, this research is arrived at independently 
and the approaches are very different. This paper goes beyond 
Zhang et al. and Tonk’s binary class classifier, as a machine 
learning multi-class classifier is used to expand the scope of 
debiasing and create a GAN algorithm that further decreases 
biases. The proposed GAN algorithm is changed from three 
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features, meaning the model is not exposed to race and gender 
while initially training the machine learning classifier.

Due to a lack of data, certain omissions had to be made: only 
male and female could be used for gender, and Hispanic and 
other races could not be included.

Training the Basic Income Level Predictor:
In order to predict the probability of one’s income being 

over $50,000 a year, NumPy, a Python machine learning li-
brary, is used to fit a two-layer neural network.¹² The Leaky 
ReLU function is used as an activation function, as it has 
become a standard in machine learning in recent years, and 
stochastic gradient descent is used to train the machine learn-
ing classifier.¹³ Additionally, the learning rate for the neural 
network is adjusted with an exponential learning rate sched-
ule as optimization proceeds. After each training iteration, 
the learning rate is reduced by multiplying it by a decay rate 
of 0.95. See Figure 1 of the Appendix for the Python code 
written to train the neural network.

Developing a GAN Algorithm:
The machine learning classifier did not have access to the 

defined sensitive attributes, but it still produced biased results. 
The classifier behaved in this manner due to implicit biases 
associated with other input features such as age, occupation, 
or education. 

The GAN algorithm described by Goodfellow et al. con-
sists of two neutral networks: a generative model and an 
adversarial classifier.¹⁴ Both compete in a zero-sum game in 
order to create simulated data that are representative of the 
data that already exist. The generative model, or discriminator, 
creates the data while the adversarial classifier, or generator, 
tries to distinguish whether or not they are real data. As both 
networks are being trained at the same time, the algorithm 
continues to improve.¹⁴

Taking inspiration from Goodfellow et al., the algorithm 
explored in this paper applies a GAN algorithm in addition 
to the classifier to constrain the model, so it is forced into 
making fair predictions. The new model tries to enforce the 
pivotal property on the predictive model capable of predict-
ing income levels so that sensitive attributes do not affect the 
predictions. By taking the sensitive attributes as nuisance pa-

rameters, those on which the neural network is not explicitly 
trained, predictions can be enforced that are independent of 
race and gender—leading to fair predictions.

The algorithm proposed in this work keeps the GAN func-
tionality of the discriminator network, which is to predict 
whether or not one earns a salary of more than $50,000 a 
year based on the X input. However, this work repurposes the 
functionality of the generator from creating simulated data, 
as is done in Louppe et al.’s 2017 paper, predicting the sen-
sitive attributes Z from the predicted y without direct access 
to X.⁸  

The GAN can be thought of as a back-and-forth process 
of the generator trying to fool the discriminator and the dis-
criminator trying to correctly classify whether or not one 
earns a salary of more than $50,000 a year.  This is a minimax 
game captured by Eq. 1 below, where Z ~ p(z) are random 
noise samples, G(z) are the outputs of the generator, and D is 
the output of the discriminator. 

(Eq.1)

See Figure 2 of the Appendix which shows the code imple-
mentation of the GAN loss function (Eq. 1). 

The loss function captures the zero-sum nature of the al-
gorithm where the generative network learns to minimize 
its predictive losses while maximizing that of the adversarial 
network.

Generator and Discriminator Architecture and Training the 
GAN:

To optimize Eq. 1, gradient descent steps on the objec-
tive for G and gradient ascent steps for the objective for D 
are taken, alternating between the two. At a high level, the 
goal is to update the generator to minimize the likelihood 
of the discriminator correctly classifying the given person’s 
race and update the discriminator to maximize the probabil-
ity of the discriminator predicting whether or not the given 
person makes a salary of more than $50,000 a year. All code 
implemented for the GAN algorithm is done in Python Ten-
sorFlow.¹⁵

Now that the objective function for the GAN has been 
clearly defined, the discriminator network can be built. The 
details for the layers of the discriminator are: a fully con-
nected layer with input size 784 and output size 256, Leaky 
ReLU activation function, a fully connected layer with in-
put size 256 and output size 256, Leaky ReLU activation 
function, and a fully connected layer with input size 256 and 
output size 2. See Figure 3 of the Appendix for the Python 
code written for the discriminator architecture. 

The details for the layers of the generator network are as 
follows: a fully connected layer with input size 1024, Leaky 
ReLU activation function, a fully connected layer with input 
size 1024, Leaky ReLU activation function, a fully connected 
layer with input size 784, and a hyperbolic tangent activation 
function to restrict all classification outputs for the sensitive 
attributes to a range of [-1, 1]. See Figure 4 of the Appendix 
for the Python code written for the generator architecture.

Table 1: Features of the UCI census dataset.11
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With the discriminator and generator networks defined, 
the GAN can be trained. First, the generator is trained on the 
full dataset. Then, the discriminator is pre-trained on the full 
dataset without exposure to the generator’s outputs. Finally, 
the generator and discriminator are trained simultaneously 
over 250 iterations.

Meaning of Fairness:
In order to quantitatively determine the success of the al-

gorithm, several metrics are used. Some examples include 
demographic parity, which tests if two variables are inde-
pendent; equality of odds, which tests if two variables are 
independent of each other and is defined in Eqs. 1 and 2; and 
equality of opportunity, which tests if two variables are condi-
tionally independent given one of them.⁵

In this work, inspiration is drawn from the U.S. Equal Em-
ployment Opportunity Commission’s (EEOC) 80% rule.⁷ 
The 80% rule looks at the ratio of two groups being compared, 
whether that be Black and White for race or male and female 
for gender. In their 2014 paper, Zafar et al. demonstrated how 
a more generic version of this rule, called the p-% rule, can be 
used to quantify fairness of a classifier.¹⁶

The p-% rule states that the ratio between the probability 
of a positive outcome given the sensitive attribute-race and 
gender-being true and the same probability given the sensi-
tive attribute being false is no less than the ratio p:100.⁶ Thus, 
when a classifier is completely fair it will satisfy a 100% rule. 
In contrast, when it is completely unfair it satisfies a 0% rule. 
In this work, three p-% rule metrics are calculated for race and 
use White as a standard comparison for racial bias. More pre-
cisely, for race, the p-% rule is calculated for White and Black, 
White and Asian/Pacific Islander, and White and American 
Indian. For gender, the p-% rule is calculated for male and 
female. The classifier in this paper will be determined fair if it 
satisfies at least an 80% rule, following the EEOC.⁶

Given the sensitive attributes, the p-% with respect to race 
for this model is calculated using the equation below in or-
der to quantitatively see how fair the income level predictor 
proves. For Eq. 2, y =1 indicates that the machine learning 
classifier predicts that the given person earns a salary of more 
than $50,000, and Z can be substituted with the races under 
consideration in this work: Black, Asian/Pacific Islander, and 
American Indian.⁶

(Eq.2)¹⁶

The p-% equation (Eq. 3) for gender is similar, but since 
only male and female are being considered as gender classifi-
cations, the value of Z in this equation does not change.

(Eq.3)¹⁶

Setup and Dataset for a GAN Application to an NLP Word 
Embedding Task:

It is common in NLP to represent words as vectors so that 
qualitative relationships between words can be quantified. 

As described in Bolukbasi et al.’s 2016 study, word embed-
dings are a framework to represent text as vectors which can 
be used as input data for machine learning and NLP tasks.⁹ 
Word embeddings typically contain data from written arti-
cles. A method of calculating a word vector would be to count 
the number of occurrences of a specific word in a document 
over all of the documents in the dataset. Each document is a 
dimension of the vector. The vectors allow computers to un-
derstand the meaning of a word. Then, with the use of these 
vectors, the similarities between words can be determined 
and used for numerous applications. While word embeddings 
can be helpful for determining the similarity between words 
because they synthesize existing information in a seemingly 
unbiased way, they also perpetuate any disparities and biases 
contained in the documents from which they are derived.

This research attempts to eliminate the gender bias that 
is produced when using word embeddings as data for ma-
chine learning software. To create the word embeddings, 
1,000 randomly selected Wikipedia articles are collected and 
word vectors are created for all of the words in the dataset. 
This study uses W ikipedia articles because they are regularly 
updated, in contrast to articles from sources such as Google 
News, as used by Bolukbasi et al., which can become outdated. 
Similar to Bolukbasi et al.’s determination of bias in Google 
News articles, this study found that Wikipedia contributors 
reproduce their own biases in the information they write.⁹ See 
Figure 5 of the Appendix for this paper’s method of creating 
word vectors using Python code.

To add more complexity, dimensions can also be added that 
include the instances the word appears next to another word, 
which has been implemented in Figure 6 of the Appendix.

Once the vectors are established, statistical methods can be 
used to calculate the similarity between vectors. In this work, 
the cosine similarity is used as it is most common for text 
similarity. Next, a similarity score for the cosine similarity 
is calculated; a number between 0 and 1 will be returned, 1 
meaning they are very similar and 0 meaning they are not 
similar. For example, in Figure A below, the words closer to 
the x-axis are most similar to the word woman.⁹ 

Eq. 4 shows the cosine similarity formula, which is convert-
ed to code in Figure 7 of the Appendix.

(Eq.4)⁹

Figure A: Geometric visualization of word vectors and cosine similarity. 
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The ultimate goal of this NLP task is to find the five words 
most similar to man and woman. In order to do this, the word 
vector dictionary created earlier was searched, and the five 
words that have the smallest cosine similarity to man and 
woman respectively are returned. Figure 8 of the Appendix 
shows the Python code implementation of this process.

Applying the GAN Algorithm to the NLP Word Embedding 
Task:

In order to apply the GAN algorithm to the NLP word 
embedding task, two steps are needed. First, the adversarial 
network calculates the cosine similarities between all possi-
ble words with respect to man and woman.This provides a 
method for defining the protected gender variable. Then, the 
network outputs five words that have the highest cosine simi-
larity, and are thus the least similar to man and woman. These 
words are defined as the “bias subspace.”

Then, the discriminator network projects all the words in 
the “bias subspace” to a word vector that is perpendicular to 
the word vectors for man and woman. It is expected that the 
discriminator network will learn that an “unbiased subspace” 
would contain vectors that should be associated with man 
and woman. Next, the new cosine similarities between the set 
of projected word vectors in the “unbiased subspace” to man 
and woman can be calculated. The five words in the “unbiased 
subspace” that have the smallest cosine similarity to man and 
woman are chosen.

Since the discriminator network now associates words that 
are considered to be opposite to the meaning of man and 
woman in a biased setting, it is associating unbiased words to 
man and woman.
� Results and Discussion
Results and Discussion for Classification Task:
The initial accuracies for the multi-class classifier were 82% 

in classifying race and 80.2% in classifying gender. Further-
more, the p-% for minority races compared to White were as 
follows: 28% for Black, 63% for Asians, and 25% for Native 
American. The p-% for gender was 30%. From this research’s 
definition of the p-% value, the multi-class classifier is less like-
ly to predict someone who is Black, Asian, or Native American 
to make an income of over $50,000 a year in comparison to 
someone who is White. Similarly, the classifier is also less likely 
to predict that a woman will make an income of over $50,000 
a year in comparison to a man, as can be seen by the low p-% 
value.

After the GAN algorithm is applied to the classifier, the 
classification accuracies remained approximately the same. 
Furthermore, the prediction accuracies are 76% in classifying 
race and 78% in classifying gender. The p-% for minority rac-
es all significantly increased and are now as follows: 78% for 
Black, 85% for Asians, and 65% for Native American. The p-% 
for gender also rose and is now 82%. The percentages are all 
listed in Table 2 below. 

The p-% for gender now is above the 80% threshold that was 
deemed to be fair earlier in this paper. While the p-% for Black 
and Native Americans does not meet the 80% threshold, there 
is still a significant increase in the p-% value.

It can be predicted that the machine learning classifier 
accuracy in this paper decreased as a result of the data. The 
original p-% is low as a result of disparities in the data. Now 
that the results are less biased, the accuracy in terms of the 
original dataset slightly decreased. However, the decrease of 
the p-% value is miniscule and can be attributed to difficulties 
in the ability of the algorithm to converge to global minima 
instead of local minima. 

The most similar attempt to combat bias in the output 
of machine learning tasks was performed by Zhang et al. in 
“Mitigating Unwanted Biases with Adversarial Learning.”⁵ 
This paper uses the same UCI census data and adversarial 
learning idea as Zhang et al., and thus the two studies can 
be easily compared.⁵,¹¹ To begin with, the Zhang et al. pa-
per started with an 86.0% accuracy, and dropped to an 84.5% 
accuracy.⁵ In this work, there is no noticeable change in the 
classification accuracy. The Zhang et al. paper only considered 
gender debiasing, and not race, so the p-% results will only be 
compared with this study for gender. In addition, Zhang et al. 
used a different optimization, Python library, and measure-
ment of bias.⁵ Table 3 shows a comparison between the work 
discussed in this paper and Zhang et al.’s work with and with-
out a debiasing algorithm applied. The accuracy column in 
Table 3 represents the machine learning classifier’s accuracy.

The p-% value for the Zhang et al. paper increased by 37 
percentage points, while this current work increased by 52 per-
centage points.⁵ This increase in difference between the p-% 
values for before and after the adversarial networks shows the 
method described in this paper is more successful at eliminat-
ing the output’s bias. In addition, this method is more easily 
applicable as it has also been implemented on both race and 
gender, while the Zhang et al. paper only explored gender.⁵

Tonk’s work also included both race and gender; howev-
er, it is limited to only Black and White racial groups. Tonk 
also uses Keras, a binary classifier, and a different optimization 
equation.⁷

Results and Discussion for Word Embedding Task:
Although the results for the word embedding task are not 

quantifiable, from a subjective view the occupations provided 
for each gender perpetuate fewer of the disparities contained 
in the original data, as can be seen in the results of Table 4. 
For example, before applying the GAN, the occupations for 
women were associated with positions of lesser power or skill, 
such as a nurse or waitress. After applying the GAN, women 
are presented in positions of relative power such as a surgeon 
or pediatrician. In the future, it would be interesting to create 

Table 2: Results of debiasing the multi-class classifier. 

Table 3: : P-% value in the current work as compared to Zhang et al. with 
and without GAN applied.⁵ 
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a numerical score in order to quantifiably measure the decrease 
in bias in the outputs instead of having to rely on a subjective 
point of view.

� Conclusion
Taking inspiration from a GAN, the algorithm developed in 

this study maximized the ability to predict y (whether or not 
one’s income is above $50,000 a year), while minimizing the 
ability to predict Z (the sensitive attributes, such as race and 
gender), given an input X (the dataset). A multi-class classi-
fier is used as a baseline metric to compare to the algorithm’s 
performance. In addition, the GAN algorithm is used in con-
junction with the classifier so as to eliminate the bias in its 
results.

In order to quantitatively measure the fairness of the algo-
rithm, the p-% rule, in addition to the EEOC’s 80% rule, is 
used. In this study, the algorithm is deemed fair if the p-% is 
greater than 80%. The classifier, which originally had p-% of 
39% for race and 30% for gender, increased to 76% for race and 
82% for gender with the use of the GAN algorithm created in 
this study. While the p-% for race is not deemed fair, it has a 
significant increase from before the GAN was applied. In an 
effort to make the p-% fair, a more diverse dataset could be 
used in addition to the GAN algorithm in the future. 

An extra layer of complexity is added by extending the GAN 
algorithm application to the NLP word embedding task. This 
is done in order to prove the generalizability of the GAN 
algorithm. As a result of this approach, there is an observed 
subjective decrease in biased results. This means that this GAN 
algorithm can be generalizable for other forms of classification 
bias as it is successful for more than one sensitive attribute.

In the future, this GAN algorithm can be used with resume 
data in order to minimize the influence of sensitive attributes, 
such as race or gender, on who is hired. Similarly, the algorithm 
can reduce the correlation between sensitive attributes and bi-
ased results for many other purposes.
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Figure 1: Python code for training a two-layer neural network.

Figure 3: Python code written for the discriminator architecture.

Figure 4: Python code for generator architecture.

Figure 5: Python code implementing cosine similarity to find closest word 
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ABSTRACT: Decreased forestation over the past century as a consequence of increased civilization and the growing industrial 
sector has created worldwide demand for forestry plantations. The decreased forest cover has an impact on diversity of micro and 
macro fauna. Many species have been exterminated and many are on the verge of extinction. This has added to global climate 
change effects which in turn is affecting the survival of plantations in natural conditions.

Nutrient management plays a very crucial role in the healthy growth of plants. The plants grown with chemical inputs, which 
are a readymade food, makes them weak in facing the biotic and abiotic stress when transplanted from nursery to open degraded 
landscapes.

The present study showed that the use of liquid manure as organic growth promoter and a locally prepared seed coating 
formulation makes the plant stronger than those grown with readymade chemical inputs. The study began with a survey of 
commercial nursery growers by telephone as it was not possible to meet in person due to COVID – 19 situations. Then actual 
comparative experimental trials were undertaken to observe the growth differences. Finally, the 20-days young seedlings were 
planted to observe their survival in natural conditions.

The study clearly indicates that the plants grown with liquid manure are greater in height and also developed stronger root 
systems than the plants grown with chemical inputs. Experiments using a plantation in degraded forest land showed the highest 
survival rates with plants treated with liquid manure.

KEYWORDS: Liquid manure, nursery, forestry plantation. 

�   Introduction
The world's forests are crucially important for both bio-

diversity conservation and climate mitigation. Biodiversity 
conservation efforts may need to give greater attention to eco-
system processes than to ecosystem products.¹,² 

Realizing the importance of forests and trees in curbing 
global warming, global initiatives have been taken up such 
as the World Economic Forum’s plan to plant a trillion trees; 
and the United Nations’ Bonn Challenge to bring 350 mil-
lion hectares of the world’s deforested and degraded land into 
restoration by 2030. Overall, it was found that tree growth, 
mortality and farmers’ preferences in harvesting timber in spe-
cies-rich plantations is influenced by both abiotic and biotic 
factors including anthropogenic influences.³ 

Fertilizer application is vital for today’s agricultural crop 
production system as it restores soil nutrients and promotes 
crop production and yield.⁴,⁵ In fact, recent research findings 
showed that manure substitution of chemical fertilizer im-
proved soil physicochemical properties and nutrient capacity 
as well as promoted microbial growth and activity.⁶ Similarly, 
studies have shown that chemical fertilizers are used in nurs-
eries to boost plant growth.⁷ Indeed, fertilizer application is 
widely used in nurseries to improve plant vigour and produc-
tivity.⁸ Though the chemical fertilizer increases plant growth 
and vigour, hence meeting the food security of the world, the 
plants grown in this way do not develop good plant charac-
teristics such as, good root systems, shoot systems, nutritional 

characteristics. In addition, they do not get time to grow and 
mature properly.⁹

Roots of such container-grown plants are subjected to tem-
perature and moisture extremes not normally found in field 
production.¹⁰ Water stress after transplanting is probably the 
most limiting factor for plant growth and the major factor 
responsible for transplanting failure.¹¹ Much of the abiotic de-
cline and death above ground occurring in the landscape of 
woody plants is the result of root problems and the destruction 
of the absorbing organs of the plant. With increasing amounts 
of nursery stock being produced in containers, optimizing root 
growth and function and minimizing abiotic stress is import-
ant in ensuring the long-term success of the nursery/landscape 
industry.¹⁰

Microbes play an important role in converting unavailable 
forms of nutrients into water soluble forms which plant roots 
can take up.  These beneficial microbes are present in liquid 
manure.¹² Some studies showed that soil inoculation with a 
mixture of mycelium fungi improved plant growth and nu-
trition, without the need of fertilizer in nursery pots.¹³ A 
comparative study with chemical and organic inputs in nursery 
systems confirmed that organic manure originating from live-
stock by-products and sawdust not only promoted the growth 
of yellow poplar but also improved soil conditions.¹⁴ The study 
on the use of human urine as a fertilizer showed that human 
urine compared well with urea as a source of N for crops but 
optimum rates depended on the sensitivity of the crops to soil 
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salinity.¹¹ The population of bacteria increases with the addi-
tion of liquid dairy and swine manure.¹⁰ Studies on the use 
of liquid manures supported in the present study on crop 
productivity have shown that they increases soil microbial 
populations which helps in the mineralization of nutrients in 
turn enhancing crop yields.¹²

From ancient time cow dung extract has been used as ma-
nure for boosting crop growth as it contains humic compounds 
and fertilizing bio elements.¹⁵ Cow dung was observed to sup-
press mycelia growth of plant pathogenic fungi like Fusarium 
solani, F. oxysporum and Sclerotinia sclerotium.¹⁴ It has been 
found that soil microbial population and soil enzyme activ-
ities have been increased with application of poultry litter.¹⁶ 
Moreover, there are many reports suggesting that manure ap-
plication had enhanced effects on the biological parameters¹⁷, 
¹⁸ and the availability of nutrients in the dissolved form.¹⁹

The study on beejamrutha (prepared using the ingredients 
viz cow dung, cow urine, water and lime) contains not only 
general microflora, but also certain beneficial biochemical 
groups such as free living N2-fixers, P- solubilizers, and bac-
teria producing plant growth promoting substances as well as 
bacteria having biological deterrent activities. The presence of 
such beneficial microbial biomass and improved nutrient status 
might have resulted in improved seed germination, seedling 
length, and seed vigour in soybean indicating beejamrutha as 
an efficient plant growth stimulant.²⁰

Use of these locally prepared liquid manures can replace 
chemical inputs during nursery growth so that plants become 
strong enough to survive when replanted in natural conditions.
�   Results and Discussion
Evidence of presence of nutrients in the farm and ant hill soil :

When the ant hill soil was ignited in the Bunsen flame it 
gave 7 different colors corresponding to 7 essential nutrients 
required by plant while only 1 colour corresponding to a single 
nutrient was visually observed with the sample from the farm 
(Figures 1 and 2). These observation confirms that ant hill soil 
has more nutrients than farm soil.

Effect of treatments on growth of plant :

The observations of shoot length were made at an interval 
of every 6 days before the application of chemical fertilizers 
and liquid manure. Table 1 reveals that average shoot length of 
chemically treated seedings is shorter than the average shoot 
length of seedlings treated with liquid manure. Statistical anal-
ysis using T tests reflected the p-value for observations at all 
intervals was less than 0.05 that indicates the results are sta-
tistically significant. The results were in agreement with the 
results observed with different types of formulations of liquid 
manures i.e., Sanjeevak experimented on crop growth.¹² The 
study already suggested the presence of a group of beneficial 
microorganisms and the required enzyme activities for opti-
mum growth of plants.

Similar observations were noted with average root growth. 
Seedlings treated with chemical fertilizer showed less root 
growth than seedlings treated with liquid manure and coat-
ed with formulations of seed treatment. The statistical analysis 
using T - tests indicates that the difference is significant with 
the p-value less than 0.05.  These results are in accordance with 
the germination trial study with liquid manure.¹² Similarly 
the results are in agreement with study on beejamruta which 
a suggested that the seed treatment with cow dung and cow 
urine has growth stimulation properties.²¹

The following table (Table 3) shows the percent increase 
in growth of liquid manure treatment over chemical fertilizer 
treatment. The analysis showed that an increase percent on 

Figure 1: Farm Soil. Figure 2: Ant Hill Soil. 

Figure 3: Effect of treatments on growth of plants. 

Table 1: Observations of shoot length at an interval of every 6 days were 
statistically significant.

Table 2: Observations of root growth on 18th day had statistically 
significant results.

Figure 4: Rooth growth chemical 
treatment. 

Figure 5: Rooth growth liquid 
manurel treatment. 
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them shared that use of chemical fertilizers and fungicides is 
common in commercial nurseries.

2. Setting up the experiment:

• Filling of nursery bags:
Half KG polythene bags were filled with soil, sand and or-

ganic manure in 2:1:1 proportion. These were then properly 
soaked with water before sowing.

• Preparation of seed treatment formulation:
Cow dung, cow urine, and ant hill soil were mixed in equal 

proportion and homogenized to form a paste. Seeds were coat-
ed with this paste and allowed to dry for half an hour in a 
shade. These seeds were then used for sowing in the nursery 
bags.

• Flame Test for Comparing the Nutrient Status of Ant Hill 
Soil and Farm Soil:

The soil sample from agriculture field and sample of ant hill 
soil was tested to observe the presence of different nutrients 
with a simple flame test.

• Preparation of liquid manure :
A mixture of 10 kg cow dung, 10 lit cow urine, 1 kg jaggery, 

2 kg flour of pulses was added and 1 kg ant hill soil was made 
to 200 lit using water.  

The above solution was allowed to ferment till seizing of 
bubbles stop while stirring (5 to 7 days) ⁷

• Setting up replicates :
The experiment was set with 5 replicates for liquid manure 

treatment and 5 replicates for chemical fertilizers treatment.⁷ 
In each polythene bag 2 drumstick seeds were sown. The fol-
lowing schedule for the application of chemical fertilizers and 
liquid manure was followed by a Planation trial.

12th day of shoot growth was almost doubled over the 6th 
day. Furthermore it continued to remain the same on 18th day. 
The root growth with liquid manure was more by 0.31% than 
the root growth in plants treated with chemical fertilizer. The 
root systems of plants treated with liquid manure were stron-
ger than those of chemically treated plants.

Plants were observed every day for survival over a period of 
9 days. Table 4 shows the results. It was observed that out of 
the 5 seedlings treated with chemical fertilizers only 1 sur-
vived, complete mortality was observed in 3 seedlings and 1 
seedling was still struggling for survival. In contrast, out of 5 
seedlings treated with liquid manure 4 showed healthy strong 
growth while mortality was observed in only 1 seedling.

Growing Nursery on a Large Scale:
The findings of experiments were replicated in growing 

nurseries of 10,000 drumsticks seedlings. Similar results were 
noted in the large-scale nursery at Dharamitra, research sta-
tion, Wardh,
�   Conclusions
The study showed that liquid manure boosted the growth 

of nursery plants. (Table 3; Figure 3, Figure 4, and Figure 5) 
The plants showed early growth of seedlings which had almost 
equal shoot lengths when compared with seedlings treated 
with chemical fertilizers. The literature survey and experience 
of growing nursery on larger scale (Figure 7) showed that the 
use of seed treatment formulations along with the application 
of liquid manure can replace the use of chemical fertilizer and 
fungicide. The plantation trial demonstrated that the plants 
grown with the liquid manure and seed treatment formulation 
improved in survival rate in comparison with the plants treated 
with chemical inputs. (Table 4; Figure 6).
�   Methods
1. Survey of nurseries :
Personal interaction with nursery owners was done to collect 

information about nursery management techniques. All of 

Table 3: Comparison of percent increase in shoot and root length.

Table 4: Observations of plantation trial showed survival of plants treated 
with liquid manure.

Figure 5: Plantation. Figure 7: Growing 
Nursery on large scale. 

Figure 8: Setting of Experiment. 

Figure 9: Preparation of Liquid Manure.

Figure 10: All 10 plants were planted in open degraded forest land for trial 
and were monitored every day.
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Work plan :
Phase 1 - Literature survey  
In the first phase, it was decided to make a literature survey 

to know about the earlier scientific research conducted with 
regard to problem undertaken under this investigation study.  

Phase 2 - Survey of commercial nurseries 
Nearby nurseries were visited to understand the practices 

in growing commercial nurseries.  
Phase 3 – Setting up experiments
As it was recommended to shift the plant of 20 days age for 

replantation the schedule is designed to conduct experiment 
over 18 days.¹⁷ The schedule of application of fertilizers was 
followed up as recommended. 

Phase 4 – Conducting plantation trials
After 20 days the plants were shifted to degraded soils and 

monitored over 9 days for their performance.
Phase 5 – Compilation of promotional video
The video was compiled for promotion of study carried out. 
Phase 6 – Drafting of Action Report
The action report was drafted as per the format shared.
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ABSTRACT: India is the "fifth largest electronic waste producer in the world"; approximately 2 million tons of e-waste are 
generated annually and an undisclosed amount of e-waste is imported from other countries around the world. The aim of this study 
was to assess the impact of increased awareness about e-waste and recycling on Indian respondents’ attitudes towards e-waste and 
their consumption of electronic devices through a mixed method research approach. An online survey was conducted to evaluate 
the impact of an animated video clip on the hazards of improper disposal of e-waste and the benefits of the recycling of e-waste 
on Indian respondents’ attitudes towards e-waste and their usage of electronic devices. A comparison of the respondents’ pre- and 
post-video ratings about their awareness of the seriousness of e-waste, as well as their current and anticipated usage of electronic 
devices, shows that the video exerted statistically significant effects in increasing the respondents’ awareness of the hazards of 
e-waste and the likelihood that they would engage in the recycling of e-waste.  In fact, this study revealed that awareness can 
have a huge impact on the respondents’ likelihood to recycle e-waste, with the post-video rating registering a sharp increase of 
132% compared to the pre-video rating. Moreover, the respondents also registered a strong likelihood of retaining their current 
electronic devices should the latter’s functionalities dip slightly after watching the video, thus showing the positive impact of the 
video on consumption behavior. Nonetheless, the small increase in the mean rating of the respondents of just 0.31, regarding 
their likelihood of keeping their old devices, after watching the video, when new models are released, suggests that the electronics 
industry could play a more important role in curbing excessive consumption by reducing the frequency of new releases. Based on 
these results, an ongoing awareness campaign to educate the public about the hazards of e-waste and the benefits of their proper 
recycling should be run all over India. Furthermore, companies need to take responsibility for their role in generating e-waste by 
slowing down their introduction of new models and playing a part in ensuring the availability of a proper recycling system for the 
markets where they sell their products.

KEYWORDS: E-waste management; Safe disposal of E-waste;  Hazards of E-wastes; Judicious use of Electronics; Impact of 
Awareness. 

�   Introduction
Electronic devices have become an increasingly pervasive 

part of our lives. People have come to rely on electronic devic-
es to perform a wide variety of functions from personal work 
to operating large missiles.¹As a part of the digital revolution, 
more and more people are able to afford an increasing quantity 
of electronic devices that comprise computers, smartphones, 
and tablets.¹

 In response to the rising demand from individual consum-
ers and corporations, large IT corporations have continued to 
upgrade their infrastructure. In addition, these IT corporations 
have continued to expand the capabilities of their electronic 
devices by competing with one another to produce better and 
more powerful models of phones, tablets and computers every 
day.² Almost every brand releases a refined version of the pre-
vious model every six months or a year, which attracts a large 
number of customers.² 

India has also leapfrogged into a “mobile-first” country to 
house one of the largest mobile manufacturing factories in 
the world.  Indian mobile plants servicing new-age consumers 
have vaulted from two in 2014 to 127 in 2019.³ Annually, over 
225 million mobile phones are domestically produced.³

However, this trend that feeds into ever-rising consumption 
and production fails to take into account the disposal of the 
old electronic devices. When a large number of customers and 
firms switch from old electronic devices to the new ones, where 
do the old ones go? In India, old devices are discarded through 
informal sources, like kabaadi walahs — the men, women, and 
children from slums who scour the streets for items that can 
be recycled.⁴However, because they lack the knowledge about 
how to handle e-waste, these individuals typically break down 
the old devices and sell some of the useful parts, while throw-
ing the leftovers in water or dumping grounds.⁴

 This dumping of e-waste is highly irresponsible and dan-
gerous, as e-waste pollute almost every sphere ranging from 
soil pollution to air pollution, leading to health problems rang-
ing from heart disease to various types of lung diseases.⁵About 
72% of the handlers of e-waste in the informal industry did not 
know the meaning of e-waste and 71% were not aware of asso-
ciated health risks. It is little wonder that as many as 85% did 
not use any protective gear, with only 16% attributing health 
issues to improper handling of e-waste.⁶ 

Currently, e-waste can be properly managed through the use 
of appropriate recycling techniques and methods. The recy-
cling techniques involve various stages that comprise shredding 
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and segregation, whereby magnets are used to pull out me-
tallic parts that are inserted into specialized machinery and 
converted into new electronics. The remaining non-metals are 
stored and later converted into new items and metal parts.⁷ 
This technique is employed on a very large scale in some coun-
tries of the world, such as Switzerland.⁷

However, in most countries, especially the developing ones, 
the recycling of e-waste, if in existence, is not as widespread a 
practice as it needs to be. For instance, in India, there are only 
a small number of companies with the resources and tech-
nologies to dispose of e-waste properly; e-waste recyclers are 
present only in two or three metropolitan cities.⁸ This number 
is certainly no match against the reality that e-waste are in-
creasing at a CAGR of 30% in the country.⁸ Furthermore, an 
e-waste recycling system also needs to take into account India’s 
large rural population that would have no access to these fa-
cilities in the cities.⁸ With a population of 1.4 billion people 
and the situation likely to worsen in the coming decades, it is 
urgent that India develop a comprehensive approach and insti-
tute a management system that can ensure the proper disposal 
of e-waste.

Although this research project has with resource constraints, 
the aim is to address the lack of awareness among the Indian 
public regarding the hazards of e-waste and the benefits of 
e-waste recycling.⁶ By letting people know about the hazards 
of e-waste and the benefits of recycling, it is possible to en-
courage them to change their treatment of electronic devices 
from reducing their consumption to disposing their electronic 
devices in a responsible manner. 
�   Methods
The research aim of this study was to assess the impact of 

increased awareness on Indian respondents’ attitudes towards 
e-waste and their usage of electronic devices through a mixed 
method research approach. Through the quantitative approach, 
respondents’ mean ratings of their awareness of the hazards of 
e-waste and their consumption of electronic devices before and 
after watching an informational video clip about e-waste and 
the benefits of e-waste recycling were compared. The hypoth-
eses that were tested are as follows:

· Null Hypothesis: The informational clip-on e-waste and 
the benefits of recycling has no effect on Indian respondents’ 
awareness of the hazards of e-waste and their usage of elec-
tronic devices. 

· Alternative Hypothesis: The informational clip-on e-waste 
and the benefits of recycling has an effect on Indian respon-
dents’ awareness of the hazards of e-waste and their usage of 
electronic devices.

This research study aimed to evaluate the impact of aware-
ness of hazards of e-wastes on Indian buyers’ consumption 
pattern of electronic items by using a mixed method approach. 
Specifically, under the quantitative approach, an online survey 
asked respondents to rate the importance of the eight influ-
encing factors on their purchase decision on a scale of 1-5, “1” 
being the least important, and “5” being the most important.

Finally, the qualitative data approach was also used to eval-
uate the respondents’ awareness of e-waste and consumption 

patterns of electronic devices, which can be used to supple-
ment the analysis of the quantitative data.

Data Collection :
An online survey was conducted, comprising questions 

related to the content of the video. 150 people visiting 3 elec-
tronic goods wholesalers were surveyed. Respondents were 
asked to respond to a similar set of questions regarding their 
knowledge of the hazards of e-waste and their consumption of 
electronic devices before and after watching the video. Based 
on the changes in the mean ratings, we can then determine 
whether the video had exerted an impact on the respondents’ 
attitude towards e-waste and their consumption behavior of 
electronic devices.  

After researching short video clips that could be engaging 
enough to capture the attention of the public, an animated 
video posted by IMU cares on YouTube (video link below), 
depicting the condition of Indian e-waste management in a 
very similar fashion, was chosen. This video tackles the topic 
in an engaging way by starting from a relatable experience of 
someone who is thinking about how to dispose of his dam-
aged computer. The narrative then expands to highlight the 
broader concerns of the growing e-waste phenomenon across 
the globe and the hazards of their improper disposal. More-
over, the viewer is also introduced to the systematic recycling 
of e-waste as a solution to the problem. 

Video link- https://www.youtube.com/watch?v=3s_ZNEF-
PiE0&t=26s

Additional time was invested in editing the video down to 
two minutes to increase the respondents’ willingness to com-
plete the survey. At the same time, the shortened video would 
still provide all the necessary information that could be related 
to the situation in India, thus maintaining the respondents’ at-
tention.

The questionnaire to evaluate the impact of the video in-
volved asking Indian respondents to respond to two similar 
sets of questions before and after watching the video. The 
questions can be broadly divided into two categories: 1) the 
extent of awareness of the hazards, health problems and envi-
ronmental problems associated with the improper disposal of 
e-waste; and 2) the respondents’ consumption behavior related 
to the treatment of electronic devices under different scenarios 
and the treatment of e-waste.

In addition, two open-ended questions were included to 
obtain a more in-depth understanding of the respondents’ cur-
rent awareness of discarded e-waste and what they do when 
their electronic devices stop functioning.

Data Analysis :
Descriptive statistics were used to compare the respondents’ 

ratings of their awareness of the hazards of e-waste and their 
consumption of electronic devices before and after watching 
an informational video clip about e-waste and the benefits 
of recycling. Furthermore, several paired t-tests were used 
to evaluate the statistical significance of the results. Finally, 
qualitative data derived from the respondents’ responses to 
open-ended questions were analyzed to add further depth to 
the discussion. 
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In fact, the comparison of pre- and post-video ratings 
shows that an increase of around 16% of the respondents 
rated their awareness of the hazards of e-waste at “4” and “5” 
after watching the video. At the same time, there was a sharp 
decrease among those who gave ratings of “1” and “2” from 
13.8% before watching the video to 4.3% afterwards. Hence, 
the video resulted in an increased awareness of e-waste, the 
hazards of their improper disposal, and the benefits of safe 
recycling. As one of the respondents declared.

The video is highly informative about how the improper dis-
posal of e-waste causes pollution and constitutes a huge waste of 
resource, because they can be easily recycled to produce new products. 
As shown in the video, proper disposal can be very eco-friendly and 
productive.

The implication of increasing the respondents’ awareness 
of the hazards of e-waste is significant, as it can have ramifi-
cations on their treatment of used electronics. As part of the 
survey, the respondents were asked about what they did with 
their unwanted electronics. Out of the 127 respondents, only 
17, or 13.4%, recycled them. In stark contrast, 65 respondents, 
or 51.18%, pledged to send their used electronics for recycling. 
Therefore, this suggests that conducting educational cam-
paigns to spread the message about e-waste and their proper 
management could be extremely effective in producing change 
in behavior.

Awareness Regarding Health Hazards:
The change in pre- and post-video mean ratings of aware-

ness regarding the health hazards of the improper disposal of 
e-waste were compared (see Table 3). By observing the mean 
ratings, one can see that respondents were not very aware of 
the health hazards of the improper disposal of the e-waste 
initially (M = 3.46, SD = 1.27). However, after watching the 
video, their awareness  of the health hazards that arise from 
its improper disposal (M = 4.47, SD = 0.72) increased, with 
their mean rating growing by 29.19%. By examining the mean 
ratings, one can see that there is increase in the awareness 
regarding the health hazards that can arise from improper 
e-waste disposal.

�   Results and Discussion
In this section, all the results from the statistical analyses, 

as outlined in the “Description of Research Study” section, are 
presented and examined in detail. The analysis of the changes 
in the respondents’ ratings before and after watching the vid-
eo on e-waste and their disposal are presented and discussed. 
In addition, qualitative data, derived from the respondents’ 
responses to the open-ended questions, is also used to supple-
ment the analysis of the quantitative data.

Awareness of the Hazard of Improper Disposal of E-Waste:
The change in pre- and post-video mean ratings of aware-

ness regarding the improper disposal of e-waste were compared 
(see Table 1). By observing the mean ratings, one can see that 
respondents were not very aware of the hazards of the im-
proper disposal of the e-waste initially (M = 2.08, SD = 0.95). 
However, after watching the video, their awareness increased 
substantially (M = 4.59, SD = 0.61), with their mean rating 
rising by 121%.

A paired t-test was run to determine whether the change 
in the mean ratings was statistically significant. As shown in 
Table 2, the result shows statistical significance: t(125) = 26.09 
(higher than the t critical value of 1.98), p<.01 (two-tailed).

Table 2. Paired t-test for Pre- and Post-Video Ratings of 
Awareness Hazards of Improper Disposal of E-waste. This fig-
ure in pre- ratings highlights the need to boost the awareness 
and education about the harmful effects of e-waste and the 
benefits of its safe disposal.

Prior to watching the video, only 18 respondents (or about 
15%) mentioned that they knew about the harmful effects of 
the improper disposal and the benefits of recycling. This low 
figure highlights the need to boost the awareness and educa-
tion about the harmful effects of e-waste and the benefits of its 
safe disposal. Thus, this can explain why this video succeeded 
in exerting a substantial impact in increasing the respondents’ 
awareness about the hazardous consequences of the improper 
disposal of e-waste. 

In fact, a close evaluation of the distribution of the changes 
in the ratings of 126 respondents before and after watching the 
video shows that 55 respondents increased their ratings by 2. 

Table 1: Descriptive Statistics — Average Pre- and Post-Video Ratings of 
Awareness Regarding Improper Disposal of E-waste. 

Table 2: . Paired t-Test for Pre- and Post-Video Ratings of Awareness 
Hazards of Improper Disposal of E-waste. This figure in pre- ratings 
highlights the need to boost the awareness and education about the harmful 
effects of e-waste and the benefits of its safe disposal.
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A paired t-test was run to determine whether the change in 
the mean ratings is statistically significant. As shown in Table 
4, the result shows statistical significance: t(125) = 8.47 (higher 
than the t critical value of 1.98, two-tailed), p<.01. 

Table 4. Paired Sample t-test for Awareness Regarding 
Health Hazards of Improper Disposal of E-waste The video’s 
specificity in pinpointing the lungs, heart, and many other spe-
cific organs that could be adversely affected by the improper 
disposal of e-waste caught the attention of the respondents: 

A closer examination of the distribution of the pre- and 
post-video ratings shows that the number of respondents who 
gave ratings of “4” and “5” rose by 19.5% after watching the 
video.  At the same time, respondents who rated their aware-
ness of the health problems with “1” and “2” caused by e-waste 
decreased from 16.3% to 6%. The comments from the respon-
dents also show that they had a very concrete consciousness 
of the health problems they could experience after watching 
the video. Essentially, the video’s specificity in pinpointing the 

lungs, heart, and many other specific organs that could be ad-
versely affected by the improper disposal of e-waste caught the 
attention of the respondents. As one respondent pointed out, 
“Now I know that my body is affected.”

Likelihood of Keeping Current Electronic Devices with 
Availability of New Models :

The change in pre- and post-video mean ratings of aware-
ness regarding the likelihood of keeping current electronic 
devices when new models become available of e-waste were 
compared (see Table 5). One can see that respondents already 
exhibited a high level of willingness to keep devices in the 
face of new models before watching the video (M= 3.42, SD 
= 1.37), which is good. Nonetheless, after watching the video, 
their mean rating only increased slightly (M= 3.73, SD = 1.91): 
9.06%. The observations of the mean ratings reveal that even 
though the respondents were made aware of the hazards of 
and the growing problems of e-waste, their consumption be-
havior in the face of new models would not change much from 
their current stance.

To determine whether the change in the mean ratings is sta-
tistically significant, a paired t-test was run. As shown in Table 
6, the result is statistical significance: t(126) = 2.27 (higher 
than the t critical value of 1.98, two-tailed), p = .02.

In studying the ratings of the respondents, one can see some 
unexpected results. Most prominent of all is that the 30.1% of 
the respondents who rated their likelihood of keeping their 
electronic devices a “5” fell to 24.3% after watching the video. 
Essentially, the video had the opposite effect on them than 

Table 3: Descriptive Statistics — Pre- and Post-Video Ratings of Awareness 
Regarding Health Hazards of Improper Disposal of E-waste.

Table 5: Descriptive Statistics — Pre- and Post-Video Ratings of Awareness 
Regarding the Likelihood of Keeping Devices When New Model is 
Introduced.

Table 6: Paired Sample t-test for Regarding the Likelihood of Keeping 
Devices When New Model is Introduced. The findings suggests that the 
respondents already perceived themselves to occupy a sufficient middle 
ground concerning their retention of devices in the event of new models.

Table 4: Respondents who rated their awareness of the health problems 
with “1” and “2” caused by e-waste plunged from 16.3% to 6%.
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what was intended. Conversely, the 30.9% of the respondents 
who indicated their reluctance to keep their devices with low 
ratings of “1” and “2” before watching the video actually de-
creased to 24.6%. These corresponding changes in the trends 
thus seems to balance each other out to exert a narrow effect 
on the mean rating of the group. What one can conclude from 
these findings is that the respondents already perceived them-
selves occupying a sufficient middle ground concerning their 
retention of devices in the event of new models. They are thus 
not persuaded to budge significantly from this standpoint. 
Therefore, it would be incumbent on manufacturers to limit 
their releases of new models.

Likelihood of Keeping Current Device If Functionality De-
clines :

The change in pre- and post-video mean ratings of awareness 
regarding the improper disposal of e-waste were compared (see 
Table 7). Based on the low pre-video mean rating, one can see 
that the respondents were likely to retain their current devices, 
if the functionality declines (M = 2.34, SD = 1.197). Howev-
er, after watching the video, their willingness to retain their 
current device increased substantially (M = 4.03, SD = 1.02), 
with their mean rating increasing by 72.22%. By examining the 
mean ratings, we can see that the video had a great impact on 
the respondents’ anticipated behavior regarding the retention 
of their current devices, even if there is a decline in function-
ality. 

A paired t-test was run to determine whether the change in 
the mean ratings is statistically significant. As shown in Table 
8, the result shows statistical significance: t(126) = 13.11 (high-
er than the t critical value of 1.98, two-tailed), p<.01.

A closer examination of the distribution of the pre- and 
post-video ratings confirms the video’s impact on the respon-
dents’ likelihood of retaining their old devices when their 
functionality declines. The proportion of respondents who gave 
a rating of “5” almost doubled from 13% to 25.4%. Concomi-
tantly, the ratings of  “1” and “2” fell substantially from 53.6% 
to 36.9%.  This result shows us that awareness can result in the 
prolonged retention of electronic devices.  At the same time, 
this response could also reflect the improved quality of service 
provided by electronics company in the area of repairs  as in 
Corwin’s 2018 study. This points to another simple solution for 
slowing down the growth rate of the generation of e-waste.

Likelihood of Recycling :
The change in pre- and post-video mean ratings of the re-

spondents’ likelihood of recycling e-waste was compared (see 
Table 9). By observing the mean ratings, one can see that 
respondents were not very aware of the benefits of recycling 
e-waste initially (M = 1.94, SD = 1.17). However, after watch-
ing the video, their mean likelihood of recycling e-waste (M 
= 4.50, SD = 0.68) increased by 132%. This indicates that the 
main problem that lies in the increasing e-waste problem is a 
lack of awareness.

A paired t-test was run to test the statistical significance of 
the change in the mean ratings. As shown in Table 10, the re-
sult shows statistical significance: t(126) = 21.64 (higher than 
the t critical value of 1.98, two-tailed), p<.01.

A closer examination of the distribution of the pre- and 
post-video ratings clearly affirms that the video had a great 
impact on the respondents. It changed their behavior towards 

Table 7: Descriptive Statistics — Pre- and Post-Video Ratings of Likelihood 
of Using Old Devices When Functionality Declines.

Table 8: Paired Sample t-test for Likelihood of Using Old Devices When 
Functionality Declines. The result shows us that the awareness can result in 
the prolonged retention of electronic devices.

Table 9: Descriptive Statistics — Pre- and Post-Video Ratings of 
Likelihood to Recycle E-waste.

Table 10: Paired Sample t-test for Likelihood to recycle. The result shows 
that awareness changed their behavior towards used electronics and made 
them aware of the hazards of improper disposal.
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used electronics and made them aware of the hazards of im-
proper disposal. The likelihood that the respondents would 
recycle leapt, with the proportion of respondents rating it “5” 
increasing from 35.8% to 53%. Furthermore, the proportion of 
those who rated this likelihood just “1” and “2” before watching 
the video fell from 31.7% to just 10.4% after watching the vid-
eo. These massive changes in the ratings illuminate the impact 
of the video in influencing the respondents’ future behavior in 
recycling e-waste.

Moreover, 63 respondents reported that that their lack of 
information about harmful consequences of improper e-waste 
disposal was the primary reason for their failure to recycle their 
e-waste. In fact, almost half of the respondents pledged to do 
their part to raise awareness about this issue and educate others 
about the harmful effect of improper e-waste disposal and the 
benefits of e-waste recycling.
�   Conclusion
The aim of this research study was to evaluate the impact 

of an animated video about e-waste and recycling on raising 
awareness and influencing the consumption/treatment of elec-
tronic devices of Indian respondents. Most of the respondents 
showed a lack of knowledge about e-waste and the hazards 
of their improper disposal, in terms of the harmful effect on 
humans and the environment, in the pre-video ratings. They 
were also unfamiliar with the safe ways to dispose of and re-
cycle e-waste. However, once they had watched the video, the 
respondents’ awareness of e-waste and their concerns about 
this issue increased dramatically, as demonstrated by the sharp 
increases in the post-video ratings. Beyond awareness, the re-
spondents also displayed a willingness to change their behavior 
regarding their treatment of electronic devices from increasing 
their likelihood of retaining old devices whose functionality 
has declined slightly to recycling.

This affirms how an “Awareness Campaign” could be highly 
effective in improving the e-waste generation situation in In-
dia. Therefore, governments, local self-help groups, and other 
non-governmental organizations should launch these cam-
paigns to educate people and spread awareness regarding the 
proper disposal of e-waste. As the study has shown, educating 
people about e-waste and the need for recycling them properly 
can help to change perspectives and behavior. 

While most of the results were encouraging, the study also 
indicates that the respondents’ willingness to retain their de-
vices in the face of an impending introduction of new models 
would not change much. The mean post-video rating only in-
creased slightly, compared to the pre-video rating. To be fair, 
it is important to point out that on average, the respondents’ 
retention of old devices exceeded the “neutral” position of “3”. 
However, the average post-video rating only rose by 10%, far 
lower than all the other changes between the mean pre- and 
post-video ratings. In fact, with such a scenario, the survey 
shows that almost 85% of the respondents did not change their 
ratings.

Based on this finding, an awareness campaign would not 
work in this case. The onus thus falls on manufacturers of elec-
tronic devices to take up the responsibility of combating the 

generation of electronic wastes. For a start, they can reduce the 
frequency of the release of new products, while bolstering the 
capacity for recycling their old products of theirs and utilizing 
the parts of the old products to make new devices.² The in-
volvement of large manufacturers in establishing facilities for 
recycling in their markets, including India, would go a long 
way towards the removal of the reliance of the informal sector 
that engages in the unsafe disposal of e-waste.⁸

At the end of the day, the proper disposal of e-waste requires 
all stakeholders to do their part to contribute to the solution. 
Vendors of electronic products can institute a proper recycling 
system itself or engage a third party vendor.² Consumers seek-
ing to purchase a new device can give away their old electronics. 
Corporations that get access to these old electronics can then 
recycle them for redeployment in other products.⁸ This could 
provide a very organized means for both producers and con-
sumers to engage in a collective process of managing e-waste. 
Certainly, local government authorities will have to do their 
part to support the corporations in establishing such facilities,⁸ 
with consumers giving their support by petitioning local gov-
ernment authorities. Amidst the growing environmental crisis 
fueled by the dysfunctional trends of unhealthy consumption, 
it is time for all of us to re-examine our roles in contributing to 
the generation of e-waste and step off the consumption tread-
mill.

Unlike the data published that talks about the quantity of 
e-wastes and its hazards, this result shows that people care. 
Therefore, measures to improve how wastes are managed 
should be improved. E-waste recycling is a valuable tool to 
reduce the escalating heap of e-waste. It can also be a source 
of toxic substances, such as heavy metals, and persistent or-
ganic pollutants, including polycyclic aromatic hydrocarbons 
(PAHs), polychlorinated biphenyls (PCBs), etc. Since, most 
e-waste is informally and inequitably recycled in developing 
countries. Informal recycling is reported to damage human 
health and the environment. To save the environment it is pos-
sible to adopt the following measures to control the growing 
hazards of e-wastes:

1.Use of green technology.
2. Plasma technology-: Use of plasma technology combined 

with flux agents could be used to eliminate contaminants from 
the e-wastes. Furthermore, materials from plasma post-treat-
ment may also be applied in environmental reuse application.⁹

3. Bioremediation-: This technology can be used for the 
elimination of the PCBs from the environment. There are sev-
eral microbes which can bio-transform the PCBs aerobically or 
anaerobically. Some of them includes- Desulfitobacterium and 
Dehalococcoides (Anaerobic condition) and Burkholderia and  Ach-
romobacter (aerobic condition).
�   Acknowledgements
I would like to express my special thanks of gratitude to my 

mentor Ms. Kah Ying Choo for her able guidance and support 
throughout. I would also like to extent my gratitude to all the 
respondents who actively participated in the survey and helped 
me get a wide range of data to work upon.  

ijhighschoolresearch.org



 35 

�   References
1. Gohain, M. P. (2020, July 21). 23% of  urban population has 

access to computers, only 4% of rural: Survey. India Times. 
https://timesofindia.indiatimes.com/india/23-of-urban-
population-has-access-to-computers-only-4-of-rural-survey/
articleshow/77075283.cms

2. Mmereki, D., Li, B.Z., Baldwin, A., & Liu, H. (2016, June 
29). The generation, composition, collection, treatment and 
disposal system, and impact of e-waste, E-Waste in Transition 
- From Pollution to Resource, Florin-Constantin Mihai, 
IntechOpen, DOI: 10.5772/61332.https://www.intechopen.
com/books/e-waste-in-transition-from-pollution-to-resource/
the-generation-composition-collection-treatment-and-disposal-
system-and-impact-of-e-waste.

3. Gupta, A. (2019  February 9). View: How India is leading digital 
revolution with speed and scale. The Economic Times. https://
economictimes.indiatimes.com/news/economy/policy/how-
indias-is-leading-digital-revolution-with-speed-and-scale/
articleshow/67906932.cms.

4. Mehta, S. (2020). Explainer: The why and how of disposing 
electronic waste. Science: The Wire.  https://science.thewire.
in/environment/explainer-the-why-and-how-of-disposing-
electronic-waste/4.

5. Lubell, I. (2018, April 27). 5 shocking environmental effects of 
e-waste. Mayer Alloys Corporation. https://info.mayeralloys.com/
ewaste-blog/5-shocking-environmental-effects-of-e-waste.

6. Mishra, S., Shamanna, B. R., & Kannan, S. (2017). Exploring the 
awareness regarding e-waste and its health hazards among the 
informal handlers in Musheerabad area of Hyderabad. Indian 
Journal of Occupational Environmental Medicine, 21(3), 143–148. 
https://doi.org/10.4103/ijoem.IJOEM_116_17.

7.Spencer, L. (2019, October 11). How Switzerland is winning the 
battle against e-waste. ITU News. https://news.itu.int/how-
switzerland-is-winning-the-battle-against-e-waste/.

8. Lahiry, S. (2019, April 17). Recycling of e-waste in India and its 
potential. Down to Earth. https://www.downtoearth.org.in/blog/
waste/recycling-of-e-waste-in-india-and-its-potential-64034.

9. Khalid, F., Hashmi, M.Z., Jamil, Qadir A, & Ali M.I. . Microbial 
and enzymatic degradation of PCBs from e-waste-contaminated 
sites: a review. Environ Sci Pollut Res 28, 10474–10487 (2021). 
https://doi.org/10.1007/s11356-020-11996-2. 

�   Author
Veer Raj is a senior year high schooler at The Scindia School Gwali-

or, Madhya Pradesh, India. He has an interest in STEM subjects and 
wants to pursue Computer Science and Electrical Engineering in his 
undergraduate studies.      

DOI: 10.36838/v3i6.7

ijhighschoolresearch.org



© 2021 Terra Science and Education 36 DOI: 10.36838/v3i6.8

RESEARCH ARTICLE

Optimizing Sound Localization using a Novel Noise 
Cancellation Method (Year 2)

Sky Shia     
Laurel Springs School, 203 El Paseo Rd, Ojai, CA 93023, USA; skyshia2022official@gmail.com  

ABSTRACT: Hearing loss can be caused by multiple factors, such as genetics, aging, or exposure to noise or infections. It 
can contribute to the onset of depression and anxiety and was identified as an area of emerging research, particularly in its 
application to children. This study demonstrates the use of programming methodology and novel mathematical derivations to 
improve hearing aid functionality. 

In Year One of the research, a method was developed to localize environmental sound. An audio sample was played from a fixed 
position and recorded using four microphones. Recordings were compared by cross-correlation, yielding the calculated position of 
sound origin, and compared to actual origin. Then FFT-IFFT technique removed high-frequency noise. Analysis of data revealed 
most sounds were found within a 40-degree angle of error. 

In Year Two of the research, an additional method reduced ambient sound by removing object-reflected noise, interfering in 
sound localization. A formula was derived, audio input minus an error, representing object-reflected noise, and was then run using 
the Year 1 method. Results yielded data with half the margin of error as that of the Year One method, showing demonstrable 
improvement. Localization of sound, as opposed to only amplification of sound, can be a useful additional feature in hearing aids.

KEYWORDS: Engineering Mechanics; Computational Mechanics; Mathematics; Sound Localization; Noise Cancellation. 

�   Introduction
Development and improvement of auditory assistive devices 

is critical, as fifteen percent of Americans report trouble hear-
ing, and about 28.8 million American adults could benefit from 
the use of hearing aids.¹ Hearing loss can be caused by multiple 
factors, such as genetics, aging, or exposure to noise or infec-
tions.²,³ It can contribute to onset of depression and anxiety 
and was identified as an area of emerging research, particu-
larly in its application to children.²,⁴ The market for auditory 
assistive devices is continuing to expand. In particular, audio vi-
sualization devices represent an innovative way to improve life 
for the hearing impaired. Devices could be used to display the 
locations of sound sources, to show icons representing familiar 
sounds, or to convert speech to text.  

 The purpose of this project in Year Two was to reduce error 
of sound localization using auditory input data by cancelling 
“noise”, otherwise referred to as object-reflected sound, that 
amplifies ambient sound and interferes with localizing sound 
of interest from its point of origin.⁵ This project differentiates 
itself from its Year One purpose of finding ways to distinguish 
between multiple sounds occurring at the same time. Methods 
for distinguishing between sounds include the use of the am-
plitude, frequency, or other such variables help to improve the 
poor frequency resolution, one of the functional consequenc-
es of impaired hearing.⁶ Devices are already available that can 
measure the amplitude of sound waves in order to evaluate 
sounds. Thus, this project focused on frequency as an identify-
ing factor for sounds. It was hypothesized that if frequency was 
used in cross correlation of audio recordings, then the location 
of sound sources could be identified, and simultaneous sounds 
of different frequencies could be differentiated.

Sound localization refers to the ability to detect the origin of 
a sound source. Human sound localization is primarily based 
on two factors: interaural time and intensity differences.⁷,⁸ 
Sound intensity is more commonly understood and refers to 
the “loudness” or power carried by sound waves. This factor 
is used to understand the distance from which noise is being 
produced. Interaural time difference refers to the lag time be-
tween sound arrival to each ear. This subtle difference can be 
used to subconsciously calculate the angle from which sound 
is arriving. 

Other factors also play a role in creation of a usable device, 
making the process even more difficult. For example, us-
ers would need to be able to distinguish sounds of different 
frequencies from each other.¹,⁷ Multiple sounds are often pro-
duced simultaneously, and ambient noise is present in nearly 
every real-life setting.¹⁴ A device that cannot distinguish be-
tween multiple sound sources would render itself unusable by 
producing an inaccurate location for what it assumes is only 
one sound. Users of audio visualization devices would rely 
heavily upon the devices to provide cues that are essential to 
daily life. Despite the clear importance of audio visualization 
devices, development continues to be very limited. Current 
prototypes cannot provide a comprehensive analysis of noise 
and provide little aid in real-world applications.

One example of a previous prototype included sound lo-
calization and visualization through LED lights or other 
indicators.9 Instead of a screen or similar interface, this device 
used lights placed around a pair of glasses to indicate the di-
rection from which sound is coming. The simplistic nature of 
this device prevents the user from understanding other char-
acteristics of sound, including the intensity or source type. 
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Other prototypes included spectrograph and “Positional Rip-
ples” visualization of sound source locations.⁷ The “Positional 
Ripples” display was among the most user-friendly, in that it 
portrayed sound location, source type, and other such neces-
sary factors. However, each of these prototypes proved to be 
ineffective in spaces with ambient noise due to difficulty in 
distinguishing the target sound.

The purpose of this project was to find ways to distinguish 
between multiple sounds occurring at the same time. Methods 
for distinguishing between sounds include use of the ampli-
tude, frequency, or other such variables. Devices are already 
available that can measure the amplitude of sound waves in or-
der to evaluate sounds. Thus, this project focused on frequency 
as an identifying factor for sounds. It was hypothesized that 
if frequency was used in cross correlation of audio recordings, 
then the location of sound sources could be identified, and 
simultaneous sounds of different frequencies could be differ-
entiated.
�   Methods
Principles and Theory :
Cross-correlation is a method of measuring the similarity of 

two series by evaluating the displacement of one series relative 
to the other. If two series x(i) and y(i) are evaluated and i = 0, 
1, 2, … N-1, the cross-correlation r at delay d can be defined 
where mx and my are the means of the series x and y (see 
Equation 1). If r is evaluated for all delays, d = 0, 1, 2, … N-1, 
then it results in a cross-correlation series twice the length of 
the original series. 

Equation 1. Cross correlation r at delay d.

The output is a number which can be used to determine the 
difference in the distances between two microphones and the 
sound source. Using the six values returned by four shared mi-
crophones, a region with the highest probability of the source 
being in it can be approximated. 

Another technique used was the FFT-IFFT technique, 
which converts time domain audio recordings into frequency 
domain data, and then converts the data back into the original 
time domain data. 

FFT is an algorithm that computes the discrete Fourier 
transform (DFT) of a sequence, or its inverse (IDFT).⁶ The 
DFT is obtained by decomposing a sequence of values into 
components of different frequencies (see Equation 2). An 
FFT rapidly computes such transformations by factorizing the 
DFT matrix into a product of sparse (mostly zero) factors.⁶ 

Equation 2. Formula for discrete Fourier transform (DFT).

Method 1: Single Source Localization :
The first set of data was collected through single source lo-

calization methodology. Four microphones were arranged into 
a tetrahedral formation to ensure that recordings could be used 
to determine a specific point in the 3D grid. A single sound 

file was played at nine different locations (30, 60, and 90 cm 
horizontally from mics 1, 2, and 3) and captured using the four 
microphones.

From recordings captured by each microphone, the differ-
ence in time (Δtime) when the sound was captured by each 
microphone was calculated using cross correlation function 
on Matlab, similar to the use of interaural time difference in 
mammals. This Δtime was converted into Δdistance by mul-
tiplying it with sound velocity. The Δdistance was calculated 
between each set of 2 microphones (mics 1 & 2, mics 1 & 3, 
mics 1 & 4, mics 2 & 3, mics 2 & 4, and mics 3 & 4), giving a 
total of six combinations of microphones. 

The blue circles in Figure 2 represent the four microphones 
used to capture sound. The pink circles represent the three 
locations from which sound was produced. The red lines are 
examples of sound that is reflected from the wall instead of be-
ing recorded directly into the microphones. The two bold red 
lines (L2 and L3) are an example of such reflection that travels 
from Sound Source #3 to Mic #2. The angle at which the re-
flected sound (noise) is produced is represented in the figure by 
“Theta”, the angle between the sound vector that travels to the 
wall (L2) and the line vector from Sound Source #3 perpen-
dicular to the wall (H2). X represents the length of wall from 
which sound is reflected between the point of reflection to the 
point perpendicular to Sound Source #3 (H2). X is used to cal-

Figure 1: Recording environment and the position search diagram. 

Figure 2: Dimension for noise path calculation. 
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culate the remaining width of the wall (W-x), representing 
the portion of the wall that sound is reflected from, between 
points perpendicular to Mic#2 (H1) and Sound Source #3 
(H2). These values are used to calculate the difference in time, 
d(t), that reflected sound (noise) reaches the microphone after 
non-reflected sound (audio straight from Sound Source). This 
calculated noise value is subtracted from overall recording at 
each microphone to determine the real sound signal without 
noise.

The recording environment was scanned in 10-centimeter 
increments (see Figure 1). At each increment, distance between 
that point and each of the 4 microphones was calculated and 
compared to the 6 Δdistance values. If the values were equal, 
this meant that the point was a match for the sound source. 
This method shall be referred to as “Position Search” within 
the subsequent sections of this paper. 

Angle of error was determined from two vectors: first was 
the position of known sound source, and second was the posi-
tion of calculated sound source. Angles of error were charted 
for each of the 9 tested sound sources (see Figure 4).

Method 2: Noise Cancellation:
Noise was assumed to be a reflected signal from the top wall. 

One path of noise was drawn in the picture above. The dif-
ference of the noise path (L2+L3) and signal path (L1) was 
divided by sound velocity to get the time difference of the same 
sound. The same sound originated from the sound source was 
recorded in the mike through L1 or L2+L3 path. The distance 
was calculated as below. The theta is swept from -90 degree to 
+90 degree to cover the whole reflection (Figure 2).

The noise portion was accumulated from all the theta 
values. The f(Δt) means the sum of the noise elements ar-
riving after time Δt. These values decreased exponentially as 
a function of Δt (Figure 3). That means that noise is critical 
only for a certain time interval. From this, we calculated the 
real signal without noise from the measured signal/noise 
mixed recording. If we assume that only f(Δt) term is tak-
en while f(2Δt), f(3Δt), … and f(Δt)*f(Δt) terms are ignored, 

�   Results and Discussion
Accumulative noise distribution and Single sound source lo-

calization are shown in Figures 1 and 2.  The most important 
result is Trial #6, which demonstrates the maximum capability 
of Method 1, which is a proof of concept that shows that it is 
possible to get a higher degree of accuracy than the average of 
the trials indicates; however, it also demonstrates a point of 
improvement for Method 1 in narrowing the range of results 
and improving the degree of accuracy of identifying the sound 
source.

In the set of trials titled “Single Source Localization,” the 
majority of the sound source positions were found with less 
than 40-degree error (see Figure 4). This error value is quite 
low considering that the recording was done in a closed room 

Figure 3: Accumulative noise distribution. 

Figure 4: Single sound source localization. Y-axis represents angle of 
difference between actual sound source and calculated sound source. X-axis 
shows each of the nine tested sound sources. 

Figure 5: Comparison of the single source localization with original sound 
source and noise cancelled sound source. High accuracy was obtained with 
the noise cancelling technique. 
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with the potential of sound reflecting off the walls and cre-
ating high level of background noise in the recordings. Though 
more efforts should be done in future research to reduce the 
error, current results are very promising.

As expected for the Frequency Selection Localization trials, 
calculating sound source position with mixed voice sound files 
did not yield accurate results. The angles of error were generally 
larger than the single sound source case. This indicates that the 
sounds occurring simultaneously caused errors when interpret-
ed as one source. 

However, upon removing one of the voices (isolating low 
frequency or high frequency sound), angles of error were 
greatly reduced. These results suggest that positions of sound 
sources can be accurately determined using the cross-correla-
tion technique. The frequency-isolation method, calculated 
using the FFT-IFFT technique, yielded much more accurate 
sound source position calculations and higher resolution of 
sound. This increase in accuracy may be a result of isolating one 
voice from the original recordings. The removal of one of the 
frequencies may have reduced data noise (background static, 
sound reflecting off of walls, etc.), which may have interfered 
with sound position calculations in the first Single Source Lo-
calization method (Figure 5). 

Thus, the hypothesis was accepted, and frequency was suc-
cessfully used in cross correlation in both methodologies tested. 
Evaluating the frequency of audio recordings allowed sound 
source localization and differentiation between simultaneous 
sounds of varied frequencies.  
�   Conclusion
Hearing aids can be enhanced by implementing a method 

that localized sound-of-interest (e.g., voice with which the 
wearer is in conversation) and noise-cancellation of ambient 
sound. Both Year One and Year Two of this research shows a 
proof of concept for an improved method of auditory sound 
input that may be added to existing hearing aids.

A novel method of sound source localization was deter-
mined through the isolation of sounds of different frequencies. 
Results indicate that future research could involve the use of 
this program to create devices for use as an auditory aid. Work 
has been done on speech-to-text, which can be used along-
side sound localization software in order to create a usable 
device. Future research should focus on implementation of this 
methodology in commercially applicable devices with good vi-
sualization of sound localization.

A noise-cancelling technique was developed. The signal re-
flected from the room wall was considered as a noise source 
and the amount of noise was calculated based on the geometry. 
From this calculated noise distribution, a real signal with-
out this noise was calculated from the recorded signal. The 
high frequency portion of the signal was removed using the 
FFT-iFFT technique to reduce the phase interference effect. 
A great improvement was achieved with this noise-cancelling 
technique showing a promising application of this methodol-
ogy.

�   Acknowledgements
I would like to say thank you to Dr. Young Kim, my mentor, 

for his guidance throughout the experimentation and analysis 
of data.  
�   References

1. “Quick Statistics About Hearing.” National Institute of Deafness 
and Other Communication Disorders, U.S. Department of Health 
and Human Services, 5 Oct. 2018, www.nidcd.nih.gov/health/
statistics/quick-statistics-hearing.

2. Van EE, Van CG, Van LL. The complexity of age-related hearing 
impairment: contributing environmental and genetic factors. 
Audiol. Neurootol. 2007;12:345–358.

3. Cruickshanks KJ, Tweed TS, Wiley TL, Klein BE, Klein R, 
Chappell R, Nondahl DM, Dalton DS. The 5-year incidence 
and progression of hearing loss: the epidemiology of hearing 
loss study. Arch Otolaryngol Head Neck Surg. 2003 Oct; 
129(10):1041-6.

4. “Deafness and hearing loss fact sheet.” 2015.
5. INSERM. Collective Expert Reports, 2006.
6. Yamasoba, T., Lin, F. R., Someya, S., Kashio, A., Sakamoto, T., & 

Kondo, K. (2013). Current concepts in age-related hearing loss: 
epidemiology and mechanistic pathways. Hearing research, 303, 
30–38. https://doi.org/10.1016/j.heares.2013.01.021.

7.Pickles JO.  An Introduction to the Physiology of Hearing. Bingley, 
UK: Emerald Group Publishing; 2008.

8. Wightman, Frederic L., and Doris J. Kistler. “The Dominant 
Role of Low‐Frequency Interaural Time Differences in Sound 
Localization.” The Journal of the Acoustical Society of America, 
vol. 91, no. 3, 1992, pp. 1648–1661., doi:10.1121/1.402445

9. Gates GA, Cooper JC Jr, Kannel WB, Miller NJ. Hearing in 
the elderly: the Framingham cohort, 1983-1985. Part I. Basic 
audiometric test results. Ear Hear. 1990 Aug; 11(4):247-56.

10.Gopinath B, Rochtchina E, Wang JJ, Schneider J, Leeder SR, 
Mitchell P. Prevalence of age-related hearing loss in older adults: 
Blue Mountains Study. Arch Intern Med. 2009 Feb 23; 169(4):415-
6.

11.Brant LJ, Fozard JL. Age changes in pure-tone hearing thresholds
in a longitudinal study of normal human aging. J Acoust Soc Am. 
1990 Aug; 88(2):813-20.

12.Agrawal Y, Platz EA, Niparko JK. Prevalence of hearing loss and 
differences by demographic characteristics among US adults: data f
rom the National Health and Nutrition Examination Survey, 1999-
2004. Arch Intern Med. 2008 Jul 28; 168(14):1522-30. 

13.Ho-Ching, Wai-Ling, et al. “Using Peripheral Displays to Provide 
the Deaf with Awareness of Environmental Audio.” 2003. 

14.Olusanya, Neumann, and Saunders. “The global burden of disabling 
hearing impairment: a call to action.” 2014.

15.Committee on Accessible and Affordable Hearing Health Care for 
Adults; Board on Health Sciences Policy; Health and Medicine 
Division; National Academies of Sciences, Engineering, and 
Medicine; Blazer DG, Domnitz S, Liverman CT, editors. Hearing 
Health Care for Adults: Priorities for Improving Access and 
Affordability. Washington (DC): National Academies Press (US); 
2016 Sep 6. 2, Hearing Loss: Extent, Impact, and Research 
Needs.Available from: https://www.ncbi.nlm.nih.gov/books/
NBK385309/

�   Author
Sky Shia is a high school junior highly involved in STEM and 

promoting community-centered educational opportunities. He is a 
co-founder of Generation Med, a 501c3 nonprofit organization that 
provides free pre-med resources to students across the world. He has 
been actively involved in VEX Robotics and computer programming. 

ijhighschoolresearch.org



© 2021 Terra Science and Education 40 DOI: 10.36838/v3i6.9

RESEARCH ARTICLE

Generating a Non-toxic, Multi-pathway Targeted Combination 
Treatment to Inhibit Pseudomonas Biofilm In-vitro 
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ABSTRACT: Eighty percent of chronic microbial infections are associated with antibiotic-resistant bacterial biofilm. This 
project devised combination therapy of substances with Food and Drug Administration (FDA) approved concentrations, which 
targeted three major biofilm formation pathways: pyocyanin production and proliferation of eDNA using N-Acetyl cysteine 
(NAC), biofilm matrix using DNase, and Quorum Sensing using Carvacrol. Pseudomonas fluorescens were individually grown with 
treatments of NAC at 10% and 20%, Carvacrol at 0.15% and 0.75%, and DNase at 10µg/ml and 20µg/ml; biofilm formation was 
measured using Resazurin assay. Concentrations exhibiting greater efficacy were tested further on Pseudomonas to determine the 
best condition for biofilm inhibition. Results indicated that the control (no treatment) had a Relative Fluorescence Unit (RFU) of 
3.92. NAC 20% was the most effective individual treatment with RFU 0.973 and inhibition efficacy of 75%. NAC 20% - DNase 
20µg/ml was the most effective dual-combination treatment, with RFU 0.579 and inhibition efficacy of 85%. Finally, the triple-
combination treatment exhibited remarkable effectiveness, with RFU 0.208 and inhibition efficacy of 95%. Statistical significance 
was shown using ANOVA test. Cytotoxicity assay on C. elegans confirmed the treatment’s safety in-vitro. These findings can 
lead to development of novel adjuvants to deliver the treatment in-vivo, thus reducing the morbidity and mortality from chronic 
biofilm-related infections.

KEYWORDS: Microbiology; Antibiotic resistance; Bacterial biofilm; eDNA; Pyocyanin. 

�   Introduction
Biofilm refers to the complex, sessile communities of mi-

crobes found either attached to a surface or buried firmly in 
an extracellular matrix as aggregates. A biofilm matrix is a 
self-produced polymer consisting of polysaccharide, protein, 
and DNA.¹,² The process of biofilm formation consists of 
bacterial adherence to hardware or tissue, followed by mul-
tiplication and aggregation of exopolysaccharides; over time, 
microcolonies of bacteria encased in glycocalyx merge to form 
biofilm. Bacteria also secrete stringy sugars, proteins, and DNA 
fragments into this defensive mesh (extracellular polymeric 
substances (EPS) and makes them tolerant of harsh conditions 
and resistant to antibacterial treatments.³

The Harms of Bacterial Biofilm:
Bacterial biofilms are known for causing severe medical 

infections. Eighty percent of chronic microbial infections 
in the body are caused by bacteria growing as a biofilm, ac-
counting for tens of thousands of deaths across the North 
American continent annually.³,⁴ Examples of infections as-
sociated with biofilms in the human body are often in the 
form of chronic urinary tract infections, catheter infections, 
middle-ear infections, dental plaque, gingivitis, endocarditis, 
infections in cystic fibrosis patients, and infections of perma-
nent indwelling devices such as joint prostheses, heart valves, 
and intervertebral discs. By far the most prominent example 
of bacterial biofilms, which most broadly contextualizes their 
severe detriment to human health, is chronic lung infections 
in cystic fibrosis patients caused by biofilm-growing mucoid 
strains of Pseudomonas aeruginosa.³,⁵ Furthermore, the Agency 
for Healthcare Research and Quality declares that hospi-

tal-acquired infections are in the top ten leading causes of 
death in the United States and are responsible for nearly hun-
dred thousand deaths per year.⁶ 

Antibiotic Resistance:
According to the National Center for Biotechnology In-

formation, biofilm microorganisms are one hundred thousand 
times less susceptible to antibiotics than their planktonic 
counterparts.³ Due to their inaccessibility and recalcitrance 
toward antibiotics, internal biofilms have become nearly im-
possible to eradicate. Bacteria found deep within the biofilm 
are metabolically inactive and grow slowly, making them less 
susceptible to antibiotics and protected from host defenses. 
Biofilm also acts as a mechanical shield preventing antibiotic 
penetration. Once the biofilm forms, delivery of nutrients to 
the cells is dependent on diffusion through the Extracellular 
Polymeric Substances (EPS), which act as a diffusion barri-
er, either by limiting the rate of molecular transport to the 
biofilm interior or by chemically reacting with the molecules 
themselves. Furthermore, the negatively charged EPS restricts 
permeation of several positively charged molecules of antibi-
otics by chemical interaction or molecular binding.⁴

Current Treatments and Limitations:
Various strategies to eradicate and inhibit internal bacte-

rial biofilm have already been employed in practical settings 
to attempt to eradicate biofilm; however, these methods have 
several limitations in terms of efficacy and practicality.⁴ Meth-
ods of targeting the adhesion stage of biofilm development 
such as coating medical equipment with hydrophilic coatings 
using Poly-N-vinylpyrrolidone or Hyaluronic acid has prov-
en to be insufficient in terms of efficiency and safety.⁵ Other 
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methods such as UV radiation, chlorination, and flushing 
have proven to be either too expensive for practical and wide-
spread use, toxic to epithelial cells, or ineffective at inhibiting 
robust biofilm.⁴,⁵ The limited capacity of current treatments 
in targeting and inhibiting bacterial biofilm strongly suggest 
the need for new and novel methods of inhibiting bac-
terial biofilm aggregation. Thus, the goal was to discover a 
treatment composed of non-toxic substances to disrupt the 
biofilm matrix and inhibit biofilm formation while minimiz-
ing side effects.

Purpose:
Our research goal was to find Food and Drug Administra-

tion (FDA) approved concentrations of non-toxic substances 
to specifically target the three main pathways of Pseudomonas 
biofilm formation. These include N-acetylcysteine (NAC) 
to target pyocyanin production, DNase to disrupt the bio-
film matrix, and Carvacrol to suppress quorum sensing. This 
experiment focuses on Pseudomonas aeruginosa, which sev-
eral studies have touted as one of the most potent biofilm 
forming bacteria.⁷,⁹ Experimental trials were caried out on P. 
fluorescens, which is a biosafety level (BSL) 1 organism shar-
ing the same characteristics of P. aeruginosa. Our research is 
among the first of its kind to attempt to develop a relative-
ly inexpensive and non-toxic therapy for inhibiting bacterial 
biofilm in-vitro. Furthermore, my research is among the first 
to suggest targeting various pathways of bacterial biofilm for-
mation.

Pseudomonas aeruginosa:
The bacteria used in this investigation is P. aeruginosa, an 

opportunistic Gram‐negative bacterium that is primarily 
responsible for infections related to cystic fibrosis (CF) air-
ways, burn wounds, urinary tract infections, and HIV‐related 
illness.¹⁰,¹² According to the National Center for Biotechnol-
ogy Information, P. aeruginosa is among the most virulent of 
opportunistic pathogens and is a leading cause of a variety of 
acute and chronic infections. It is one of the most notorious 
biofilm producers and is a major cause of nosocomial infec-
tions which affect more than 2 million patients every year 
and accounts for around 90,000 deaths annually.¹³ Thus, the 
treatment targets three main pathways of biofilm formation.

Pathway 1: Pyocyanin Production :
P. aeruginosa predominantly synthesizes pyocyan-

in [5‐methyl‐1(5H)‐phenazinone], which is a secondary 
metabolite.¹⁴ Nearly 95% of P. aeruginosa strains produce 
pyocyanin, a potent virulence factor causing cell death in 
infected cystic fibrosis patients and is associated with high 
mortality.  Pyocyanin strongly binds with extracellular DNA 
(eDNA) and dictates the establishment of P. aeruginosa bio-
film and thus is a key player in the formation of P. aeruginosa 
biofilm. eDNA is a key constituent in the construction and 
structural integrity of the biofilm matrix and acts as a scaffold 
for the biofilm by binding with other biomolecules such as 
peptides, enzymes, proteins, and polysaccharides. Pyocyanin 
triggers tissue damage mainly by its redox cycling and induc-
tion of reactive oxygen species (ROS). Pyocyanin also enables 
the maintenance of a basal rate of respiration for energy har-
vesting and maintains cytoplasmic redox homeostasis.¹⁴,¹⁵ 

eDNA is one of the main biofilm‐promoting factors, whereas 
pyocyanin is considered as a secondary metabolite essential 
for the persistence of P. aeruginosa cells in highly dense bio-
film. Pyocyanin intercalates with the nitrogenous bases of 
DNA and creates structural perturbation on the double‐helix 
structure. Pyocyanin‐eDNA binding significantly influences 
P. aeruginosa cell surface hydrophobicity. This tremendously 
influences the physiochemical interactions that facilitate bac-
terial cell‐to‐cell interaction or aggregation and ultimately, 
facilitates robust biofilm formation.¹⁵

Use of N-acetylcysteine (NAC):
Studies have shown that glutathione (GSH) or N-ace-

tylcysteine (precursor to glutathione) is the most effective 
antioxidant for removing reactive oxygen species (ROS) in 
cells.¹⁶,¹⁹ Studies have also shown that many pulmonary dis-
eases such as cystic fibrosis are associated with the lower levels 
of glutathione in the epithelial lining fluid (ELF) than those 
in healthy individuals.²⁰,²¹ In CF patients, pyocyanin‐medi-
ated ROS oxidize host intracellular and extracellular reduced 
glutathione (GSH) to form glutathione disulfide or oxidized 
glutathione, thus depleting host GSH levels. This leads to 
widespread epithelial cell death and subsequent lung damage, 
respiratory failure, and mortality.²¹ Past literature has found 
that in P. aeruginosa biofilms, GSH directly interacts with 
pyocyanin and modulates its structure to inhibit pyocyanin 
intercalation with DNA and biofilm integration, thus disrupt-
ing the biofilm matrix and enhancing antibiotic efficiency.²²,²⁴ 
Oxidative injury inflicted by P. aeruginosa is one of the major 
causes to aggravating cystic fibrosis disease,²⁴ so these findings 
may bring more insights into the molecular pathogenesis of P. 
aeruginosa infections and lead to novel therapeutic interven-
tion for inhibiting P. aeruginosa infections.

Pathway 2: Quorum Sensing:
Quorum sensing (QS) has been shown to be a cell signaling 

process that allows bacterial cells to respond to the needs relat-
ed to cell density through the expression of specific genes.²⁵ It 
is a bacterial cell to cell communication process that involves 
the production, detection, and response to extracellular signal-
ing molecules called autoinducers (AIs). AIs accumulate in the 
environment as the bacterial population density increases, and 
bacteria monitor this information to track changes in their cell 
numbers and collectively alter gene expression. QS systems 
among planktonic bacterial cells use a transcriptional activator 
protein that acts in concert with a small AI signaling molecule 
to stimulate expression of target genes. The concentration of 
AIs increases as the bacterial cell population increases. Once 
a significant number of AIs have accumulated, they bind to 
the transcriptional activator, enabling it to induce expression 
of target genes.²⁵,²⁶ In the case of P. aeruginosa, two well-stud-
ied QS systems are las and rhl, and they play a significant role 
in the proliferation of biofilm. QS is largely responsible for 
biofilm development as it regulates several bacterial virulence 
factors and is essential to intra-bacterial communication.²⁶,²⁷ 
Finding new ways to target QS in bacteria is an acknowledged 
strategy in the scientific community for discovering and devel-
oping new antibiotics.²⁸ Using specific molecules to interfere 
with QS has been declared as a promising strategy to prevent e
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biofilm formation. However, current inhibitors to target QS 
are highly expensive and are not proven to be safe to use in 
humans due to their associated toxicities.²⁷,²⁸.

Use of Phenolic Compounds: Carvacrol :
Several studies have corroborated that carvacrol is a prom-

ising antioxidant in inhibiting biofilm formation through the 
disruption of QS and can be safely administered in humans at 
regulated concentrations.²⁹,³¹ Carvacrol, a phenolic compound 
and one of the major antimicrobial components of oregano oil, 
inhibits QS due to its ability to interact with cell membrane 
and protein receptors involved in biofilm formation. Phenolic 
compounds comprise one or more aromatic rings with at-
tached hydroxyl groups in their structures. These substances 
protect against free radicals and toxins due to their capacity 
to scavenge oxidatively generated free radicals. Carvacrol is 
a phenolic compound that is a natural monoterpene deriva-
tive of cymene. It is able to diffuse through the cytoplasmic 
membrane, then becoming deprotonated by binding to a mon-
ovalent cation such as potassium. Carvacrol can diffuse out of 
the cytoplasm where it again takes up a proton from the exter-
nal environment, therefore acting as a transmembrane carrier 
of monovalent cations.³² The compound can act as a binding 
mode to inhibit QS and prevent the production of the viru-
lence factor pyocyanin in P. aeruginosa, as one study found that 
pyocyanin production by P. aeruginosa reduced up to 60% at 
3.9 mM of carvacrol.³¹ Through this method, carvacrol may 
interfere with the QS signaling through reduction of bacterial 
virulence, thus also reducing the capacity for biofilm forma-
tion.

Pathway 3: Biofilm Matrix (Extracellular Polymeric Sub-
stances) :

The following method aims to target the external structure 
of Extracellular Polymeric Substances (EPS). Extracellular 
DNA (eDNA) has been shown to be one of the primary com-
ponents of the biofilm matrix and plays an instrumental role 
in biofilm’s resistance to conventional antibiotics by enhancing 
biofilm cohesion, cation chelation, biocide resistance, and ge-
netic exchange.³³ eDNA in the biofilm matrix is typically what 
makes it difficult for large antibiotic particles to penetrate the 
biofilm and significantly contributes to bacterial biofilm’s over-
all antibiotic resistance. Not only that, but eDNA has shown 
to play a major role in P. aeruginosa biofilm formation, as it acts 
as the binding site for pyocyanin which proliferates the bio-
film.³⁴ Thus, targeting this component of the biofilm is crucial 
in inhibiting overall biofilm growth.

Use of DNase :
An enzyme with great promise is deoxyribonuclease I 

(DNase I). DNase is an enzyme that catalyzes the hydrolyt-
ic cleavage of phosphodiester linkages in the DNA backbone, 
thus degrading DNA. DNase I is able to cleave DNA in the 
extracellular space down to an average of tetranucleotides with 
5′ monophosphate and 3′ hydroxyl DNA ends. In humans, 
DNase I is largely responsible for the nucleolytic activity on 
DNA in serum and the degradation of the majority of circu-
lating DNA derived from apoptotic and necrotic cell death. 
DNase has been proven to degrade the extracellular DNA 
(e-DNA) present in the matrix, rendering the matrix weak and 
susceptible to antimicrobials.³⁵,³⁶ However, DNase 

also can cleave bacterial DNA, making it a potential inhibi-
tor of the proliferation of extracellular polymeric substances 
outside the biofilm. In one study conducted by Sharma and 
Singh, inclusion of Mg2+ alongside DNase I post-treatment 
at a concentration of 5 µg/ml resulted in 90% reduction in 
biofilm within only 5 min of contact time and irrespective of 
the age of biofilm.³⁷ In another study conducted by Tetz and 
Tetz, bacterial biofilm formed in the presence of DNase I (5.0 
µg/ml) displayed reduced biofilm biomass, total bacterial bio-
mass, decreased viability of bacteria, and decreased tolerance 
to antibiotics.³⁶ Through this method, DNase has tremendous 
potential in cleaving the eDNA and nucleotides present within 
the biofilm matrix. Our research is among the first of its kind 
to attempt to develop a relatively inexpensive and non-toxic 
therapy for inhibiting bacterial biofilm in-vitro. Furthermore, 
our research is among the first to suggest targeting various 
pathways of bacterial biofilm formation.
�   Methods
First, Food and Drug Administration (FDA) approved con-

centrations of NAC, Carvacrol, and DNase were selected for 
the experiment. It was concluded that DNase could be safely 
used at FDA approved concentrations from 10 µg/ml to 20 
µg/ml.³⁵, NAC from 10-20%,³⁸ and Carvacrol from 0.15% 
to 0.75%.³⁹ The experiment was conducted in four phases: 
Resazurin Assay (Phase One), Individual Treatments (Phase 
Two), Combination Treatments (Phase Three), and Cytotox-
icity Assay (Phase Four). 

Phase One: Resazurin Assay:
Phase One was carried out by first streaking out Pseudomo-

nas flourescens on an agar plate and letting it grow overnight at 
room temperature. 3 ml of liquid broth was then pipetted into 
a sterile borosilicate tube and inoculated with a small scoop of 
the enriched Pseudomonas sample. This solution was gently 
vortexed and incubated at room temperature for three days. 
After three days, the liquid broth and free-floating plank-
tonic cells were flushed from the borosilicate tube, and 600 
µl of clean liquid broth was added to the borosilicate tubes 
and gently vortexed to harvest the biofilm. Five 10-fold dilu-
tions of the biofilm solution were then created. 100 µl of the 
biofilm solution from each dilution was pipetted into separate 
agar plates, and the CFU/ml on each agar plate was calculat-
ed after four hours. Meanwhile, 200 µl of solution from each 
dilution was pipetted into each well of a column in a 96-plate. 
Each well was then treated with 20 µl of alamarBlue™ re-
agent (Resazurin) and incubated for four hours. Finally, the 
fluorescence read-out of the 96-well plate was measured using 
a fluorescence reader. An output curve correlating fluorescence 
read-out and the cfu/ml was developed.

Phase Two: Individual Treatments:
Phase Two was carried out by first creating a stock Pseu-

domonas flourescens bacterial solution similar to that of the 
first phase. Then, stock solutions for each experimental group 
(NAC 10%, NAC 20%, Carvacrol 0.15%, Carvacrol 0.75%, 
DNase 10 µg/ml, and DNase 20 µg/ml) were created. 3 ml 
of each stock solution and 0.3 ml of the inoculum were pipet-
ted each into three separate borosilicate tubes. Three trials of 
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control group consisting solely of 3 ml of broth and 0.3 ml 
of inoculum were also created. Each experimental group had 
three trials. Immediately after pipetting the stock solution and 
inoculum, all 21 borosilicate tubes were incubated for three 
days at 37° Celsius. After three days, the biofilm of each bo-
rosilicate tube was harvested and 200 µl sample of each tube 
was pipetted into each cell of a 96-well plate to conduct a Re-
sazurin assay. Each cell was treated with 20 µl of alamarBlue™ 
reagent (Resazurin) and incubated for four hours before the 
fluorescence output was recorded using a fluorescence reader 
with excitation at 550 nM and emission at 600 nM.

Phase Three: Combination Treatments:
Phase Three was conducted in the same manner as Phase 

Two, except the experimental groups were in dual and a tri-
ple combination (NAC 20% & Carvacrol 0.75%, NAC 20% 
& DNase 20 µg/ml, Carvacrol 0.75% & DNase 20 µg/ml, and 
NAC 20% & Carvacrol 0.75% & DNase 20 µg/ml)

Phase Four: Cytotoxicity Assay using Caenorhabditis elegans:
Phase Four was conducted by first obtaining 100 ml of sterile, 

commercially prepared nematode growth medium (consisting 
of NaCl, peptone, cholesterol, CaCl₂, MgSO₄, and KPO₄ in ap-
propriate concentrations). Half of this media was then cooled 
into two separate agar plates, acting as the control group. The 
rest of the nematode growth medium was combined with ap-
propriate concentrations of the triple combination therapy 
and cooled into two separate agar plates. Escherichia coli was 
then cultured on one plate with no treatment and one plate 
with treatment. The four plates used in this phase were: No 
treatment - No E. coli; No treatment - With E. coli; Treatment 
- No E. coli, Treatment - With E. coli. Finally, approximately 
ten C. elegans were transported into each plate and incubated 
at room temperature. At three separate time stamps (24 hours, 
48 hours, and 72 hours), the C. elegans were observed for mo-
tility and growth using a digital microscope. High-resolution 
images and videos were also taken using a digital microscope. 
Trials were carried out with and without E. coli to ensure that 
the cocktail treatment did not alter the results of the assay due 
to its potential lethal effects on the E. coli (an essential nutrient 
for C. elegans).   
�   Results and Discussion
The Resazurin assay resulted in the correlation curve between 

CFU/ml and Relative Fluorescence Units (RFU). The line had 
an equation of y = 10255x - 1136.3 (Figure 1), with y equaling 
the CFU/ml and x equaling the RFU. This experiment ensured 

that there were viable bacterial cells in the biofilm tested in the 
experiment. Through this equation, the CFU/ml of the biofilm 
formed under experimental conditions may also be extrapo-
lated (i.e., any RFU values obtained in the latter half of the 
experiment could be substituted into the equation to obtain 
the CFU/ml of the remaining viable bacteria). The Resazurin 
assay not only ensured bacterial biofilm cell viability but also 
allowed the development of a curve correlating CFU/ml and 

RFU, demonstrating that the RFU decreases with decrease in 
the viable bacterial cells. 

A lower RFU (Relative Fluorescence Unit) value indicates 
a lower number of viable bacteria in the biofilm as demon-
strated in the Resazurin assay. Therefore, a lower RFU valuable 
indicates less viable biofilm, suggesting that the treatment was 
effective in inhibiting biofilm formation. Results showed that 
the control group with no treatment had an RFU value of 3.92. 
NAC 20% was the most effective individual treatment in in-
hibiting biofilm formation, with an RFU value of 0.973 and 
inhibition efficacy of 75% (Table 2). NAC 10% followed close-
ly behind, with an RFU value of 1.19 and inhibition efficacy 
of 70% (Table 2). DNase 20 µg/ml and DNase 10 µg/ml were 
the second most effective individual treatments with RFU val-
ues of 1.27 and 1.54 and inhibition efficacies of 68% and 61% 
respectively (Table 2). Finally, Carvacrol 0.75% and Carvac-
rol 0.15% were the least effective individual treatments with 
RFU values of 1.93 and 2.10 and inhibition efficacies of 51% 
and 46% respectively (Table 2). Biofilm inhibition was clear-
ly demonstrated using individual treatments of DNase, NAC, 
and carvacrol. Higher concentrations of each substances exhib-
ited greater biofilm inhibition, likely because greater quantities 

Table 1: Colony forming units (CFU)/ml and relative fluorescence units 
(RFU) of five dilutions of Pseudomonas fluorescens bacterial biofilm proves 
bacterial viability within the tested biofilm.  

Figure 1: CFU/ml vs relative fluorescence units (RFU) of Pseudomonas 
fluorescens bacterial biofilm proves bacterial viability within the tested biofilm.  

Table 2: Average relative fluorescence units (RFU) and inhibition efficacy 
(%) of various concentrations of carvacrol, DNase, and NAC against 
Pseudomonas fluorescens suggests biofilm inhibition efficacy of individual 
treatments. 
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Of the dual combination treatments, the NAC 20% - DNase 
20 µg/ml combination was the most effective, with an RFU 
value of 0.579 and inhibition efficacy of 85% (Table 3). NAC 
20% - Carvacrol 0.75% and DNase 20 µg/ml - Carvacrol 
0.75% followed closely behind, with RFU values of 0.749 and 
0.860 and inhibition efficacies of 81% and 78% respectively 
(Table 3). The triple combination treatment exhibited remark-
able effectiveness, with an RFU value of 0.208 and inhibition 
efficacy of 95% respectively (Table 3). Biofilm inhibition was 
clearly demonstrated using combination treatments of DNase, 
NAC, and Carvacrol. Further objectives would include testing 
the biofilm-inhibiting triple combination therapy with various 
antibiotics to possibly achieve a near 100% biofilm inhibition 
efficacy. This procedure could also be tested on various other 
ESKAPE bacteria (Enterococcus faecium, Staphylococcus aureus, 
Klebsiella pneumoniae, Acinetobacter baumannii, Pseudomonas 
aeruginosa, and Enterobacter species) to determine the efficacy of 
triple combination therapy. The experimental trials may also be 
tested on P. aeruginosa.

After 24, 48, and 72 hours, C. elegans motility was not sig-
nificantly hindered in the treatment group compared with 

C. elegans with no treatment (control group). After 24 hours, 
100% (10 out of 10) C. elegans in the treatment group exhib-
ited full motility, with no change in size or number, as did C. 
elegans in the control group without treatment (Table 4). Af-
ter 48 hours, 90% (9 out of 10) of C. elegans in the treatment 
group exhibited full motility, with slight increase in their size 
compared to 100% (10 out of 10) of C. elegans in the control 
group, which also increased in size (Table 4). After 72 hours, 
90% (27 out of 30) of C. elegans in the treatment group exhib-
ited full motility compared to 93% (28 out of 30) of C. elegans 
in the control group. All organisms in both groups exhibited 
increased size and a tripled sample population (Table 4). In the 
plates without E. coli, after 24 hours, 60% (6 out of 10) of C. 
elegans in the treatment group exhibited full motility, compared 
to 50% (5 out of 10) of C. elegans without treatment (Table 4). 
This suggests that the treatment may have harmed some of the 
E. coli in the experimental and control groups in rows 1 and 
2 (Table 4). These results further imply that the treatment is 
potentially safe for mammalian cells.

Statistical Analysis:
A one-way ANOVA test was conducted to ensure that the 

differences between the means of the independent groups are 
statistically significant. The null hypothesis (H0) was deter-
mined to be that there was no statistical difference between 
the RFU values of the independent groups. The alternative hy-
pothesis (HA) was determined to be that there was statistical 
difference between the RFU values of the independent groups, 
and each variation of the treatment had some effect on bacte-
rial biofilm inhibition. The results of the statistical analysis test 
are shown below

�   Conclusion
Overall, the treatment with NAC, Carvacrol, and DNase 

showed promising efficacy in inhibiting the growth of P. flu-
orescens biofilm, with a near 95% inhibition efficacy. The cytoto

Figure 2: Average relative fluorescence units (RFU) of various 
concentrations of Carvacrol, DNase, and NAC proves biofilm inhibition 
efficacy of individual treatments. 

Table 3: Average relative fluorescence units (RFU), average CFU/ml, and 
inhibition efficacy (%) of various combinations of Carvacrol, DNase, and 
NAC proves biofilm inhibition efficacy of combination treatments. 

Figure 3: Average relative fluorescence units (RFU) of various 
combinations of Carvacrol, DNase, and NAC proves biofilm inhibition 
efficacy of combination treatments. 

Table 4: Motility of C. elegans grown with and without treatment and E. coli 
after 24, 48, and 72 hours alludes to non-toxicity and potential in-vivo safety. 

Table 5: One-way ANOVA test proves statistical significance of results. 
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xicity assay further suggested that the triple combination treat-
ment could be non-toxic for human use. These findings can 
be translated into the development of novel methods in treat-
ing patients with chronic biofilm-related microbial infections 
such as pulmonary infections in cystic fibrosis, urinary tract 
infections, endocarditis, chronic wounds, and infections in in 
dwelling catheters. Newer methodologies can be developed to 
deliver this treatment in-vivo through inhalation, intravenous 
or oral medications in conjunction with antibiotics, thus reduc-
ing morbidity and mortality from chronic microbial infections 
that account for millions of deaths across the world and saving 
billions of dollars in product contamination.
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ABSTRACT: Amyotrophic lateral sclerosis (ALS) is a neurodegenerative disease that affects nerve cells in the brain and 
spinal cord, causing progressive weakness of various body muscles, leading to a debilitating fatal outcome. The most common 
form of ALS, known as sporadic ALS (SALS), occurs in 85%-90% of patients, while familial or inherited ALS (FALS) occurs in 
10%-15% of patients. Among FALS patients, 65% have genetic mutations in the four main genes: C9ORF72 (30-40%), SOD1 
(10-20%), FUS (5%), and TARDBP (5%) genes. The pathogenesis of ALS is still not fully understood, but several theories have 
emerged. The pathological hallmark of ALS is TDP-43-positive, ubiquitinated cytoplasmic inclusions, found in nearly 98% of 
autopsy reports, although few ALS patient actually carry mutations in the TARDBP gene.

KEYWORDS: Cellular Biology; Genetics; Neurodegenerative Disease; Amyotrophic Lateral Sclerosis.

�   Introduction
Amyotrophic Lateral Sclerosis, ALS is a debilitating fatal 

disease that affects the brain and spinal cord; more specifically, 
the neurons controlling movements. The disease initially caus-
es fasciculations (small muscle twitches), weakness in the arms 
and legs, and slurred speech. As the disease progresses, paraly-
sis of the legs and arms, inability to speak or eat, and inability 
to breathe independently can occur. Many patients require an 
artificial feeding tube, tracheostomy, or breathing machine 
to survive. Although patients lose their motor function, their 
memory, sensation, and cognition are not affected. Most pa-
tients diagnosed with ALS live 2-5 years after they first show 
symptoms. There are only two FDA-approved treatments: Ri-
luzole and Edaravone, both of which aim to slow down the 
disease progression by reducing the number of stresses put on 
the neuron. Although, these treatments do not cure or reverse 
the symptoms already present.¹

Epidemiology of ALS :
The incidence of ALS is 0.6-3.8 in every 100,000 persons 

per year.² ALS is slightly more common in males, with the 
lifetime risk for men being 0.29% and for women 0.25%.³ The 
most affected age group consists of individuals aged 50-75. 
Regionally, it is more common in individuals of European an-
cestries and less common in individuals of Asian and Native 
American ancestries.¹ 

Non-Genetic Risk Factors:
There are several possible environmental risk factors for 

ALS, such as diesel exhaust⁴ or lead exposure.⁵ Some oc-
cupations such as agriculture, hunting, forestry, fishing, and 
construction work showed a weak association with ALS in 
some studies. In addition, dietary habits such as consumption 
of red and processed meat, animal protein, sodium, zinc, and 
glutamic acid are associated with higher risk of ALS in some 
studies, whereas consuming tea, coffee, whole grain, raw veg-
etables, and citrus fruits lowers the risk of getting ALS. There 

is no known association shown with alcohol consumption.² 
There is a correlation between increased blood lipid level,⁶ 
smoking, and physical activity.⁷                 

Clinical Sub-types of ALS:
ALS is mainly categorized into four major variants, based 

on clinical presentation and part of the central neural system 
involved: spinal onset ALS, which mainly involves the cer-
vical spinal cord and reported in about 46% of the patients. 
Bulbar onset ALS, which mainly involves the brainstem and 
found in 23% of the patients. Isolated bulbar ALS, which 
only involves bulbar symptoms, is reported in about 5% of 
the patients. Concomitant frontotemporal dementia, causes 
cognitive and behavioral impairments, is found in 5-15% of 
the patients.⁸ Common bulbar symptoms are thought to be 
due to upper motor neuron (UMN) damage, causing facial 
weakness, trouble talking, and sometimes difficulty of swal-
lowing. Common spinal symptoms include muscle wasting, 
cramping, and twitching. Respiratory symptoms can manifest 
concomitantly or separately, as difficulty with breathing, hy-
poventilation, and respiratory musculature weakness.⁹ 

Etiological Sub-types of ALS: 
The most common form of ALS, known as sporadic 

ALS(SALS), occurs in 85%-90% of patients, while familial, 
or inherited, ALS(FALS) occurs in 15%-10% of patients.⁸ 
Among FALS patients, 65% have genetic mutations in the 
four main genes; C9ORF72(30-40%), SOD1(10-20%), FUS 
(5%), and TARDBP(5%) genes.¹¹ FALS is most commonly 
inherited as an autosomal dominant allele, meaning that if 
one parent has the mutated allele, 50% do not carry, and are 
not at risk, 50% inherit mutant allele, and are likely to devel-
op ALS.¹⁰ It can also be inherited as an autosomal recessive 
allele, meaning that if two of the parents carry the mutated al-
lele, 25% of the children are at risk, 50% are carriers, and 25% 
will not carry the allele at all. In rarer cases, an X-linked dom-
inant allele, meaning that if the father has the mutated allele 
and the mother does not, 100% of female children will carry 
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the allele, and 0% of male children will carry the allele.⁷ The 
majority of ALS cases (85-90%) are known as sporadic ALS 
and do not have a clear family history of ALS due to mul-
tifactorial genetic and environmental risk factors involved. 
Genetic factors have been estimated to contribute to 40-60% 
of SALS. Due to the rapid expansion of Genome-wide as-
sociated studies (GWAS), there are new genes and single 
nucleotide polymorphisms (SNPs) associations with SALS 
that have been identified.¹¹

Prognosis: 
The survival of ALS patients is variable. About 10% of ALS 

patients have slow progression and have a high likelihood of 
survival of 10 years or longer, yet most ALS patients only sur-
vive 2-5 years after the onset of symptoms. Longer survival 
is associated with male sex, spinal onset, the younger onset of 
disease, higher body mass index, and weight since diagnosis.² 
Bulbar onset, respiratory onset, higher age of onset, smoking, 
and weight loss since diagnosis associated with shorter sur-
vival.¹,² Persons who get a tracheotomy have a longer survival 
independent of the above factors.²
�   Results and Discussion
Pathogenesis of ALS:
The pathogenesis of ALS is complex and still not fully un-

derstood yet, but there are several theories that have some 
support. The pathological hallmark of ALS is TDP-43-pos-
itive, ubiquitinated cytoplasmic inclusions found in nearly 
98% of autopsy reports. In most cases, however, these are not 
associated with mutations in TARDBP, the gene encoding 
TDP-43.⁷ In general, it is believed that an interplay between 
genetic and environmental factors contributes to developing 
ALS. An alternative theory is that all ALS cases are primar-
ily due to complex genetic factors. There is heterogeneity in 
genetic causes in ALS, but familial and sporadic ALS have 
similarities in their disease process and clinical features, sug-
gesting similarities in cellular and molecular events that lead 
to motor neuron degeneration. The pathogenesis of ALS is 
explained in a multistep process. ALS genes are grouped into 
multiple cellular and tissue level categories. At the level of nu-
clear function, these categories include genes involved in RNA 
metabolism, DNA repair, or nuclear export. There are four 
groups at cytoplasm and mitochondrial level: genes involved 
in protein hemostasis, mitochondrial function, vesicular trans-
portation, or oxidative stress. There are three sub-groups at the 
cytoskeletal and neuronal axon levels: gene groups involved in 
glial function, Nerve excitability, and Axonal transportation.¹² 

Each category leads to multiple cellular abnormalities, as 
seen in Figure 1¹², such as the deposition of intranuclear and 
cytosolic protein and RNA aggregates, disturbances of pro-
tein breakdown mechanisms, mitochondrial malfunction, 
endoplasmic reticulum stress, defective transportation from 
the nucleus to the cytoplasm, changes in neuronal excitability, 
and changes in axonal transportation. 

Genes associated with ALS:
With the advancement of gene mapping and DNA analysis, 

more than 120 genetic variants, and about 300 single nucle-
otide polymorphisms (SNPs) (GWAS catalog) have shown 
associations with ALS, and nearly 30 genes are suspected to 

cause ALS (Figure 2). In 1993, the first ALS gene SOD1 was 
identified and subsequently many more genes have been iden-
tified.³ There are some correlations between genetic variants 
and different clinical types identified such as age onset, site of 
onset, and survival or rate of progression. Gene FUS-P525L 
and SOD1/SOD1 are associated with early onset disease, and 
SNP rs3011225-1p34 is associated with late-onset disease. 
Gene C9ORF72 primarily leads to bulbar ALS, and variants 
PFN1 and SOD1-A4V are associated with rapid onset, and 
mainly affect the lower motor neurons. Also, lower expression 
of a gene that encodes enzyme ephrin A4(EPHA4) is asso-
ciated with prolonged survival. In contrast, AV4 mutation of 
SOD1 and P525L mutation of FUS/TLS genes may lead to 
early onset ALS¹³.

Chromosome 9 open reading frame 72(C9ORF72):
The C9ORF72 is the most commonly mutated gene in ALS, 

found in 40% of Familial ALS, and 6-8% of sporadic ALS. 
C90RF72 is also associated with a dopa non-responsive Par-
kinson's disease and Huntington’s disease phenotype.¹⁴ The 
C9ORF72 protein has an important role in nuclear and en-
dosomal membrane transportation and autophagy. This gene 

Figure 1: Pathogenesis of ALS.¹² 

Figure 2: Above diagram shown the timeline of gene discovery in ALS. 
The size of each circle represents the proportion of familial ALS cases 
associated with that gene (e.g., C9ORF72 45% and SOD1 20%). Blue circles 
indicate that genes are only associated with familial ALS, red circles indicate 
genes associated only with sporadic ALS, and half red and half blue indicates 
these genes associated with both familial and sporadic ALS. (Brown 2017 
NEJM)13. 

ijhighschoolresearch.org



49 DOI: 10.36838/v3i6.10

has a noncoding stretch of six nucleotides that repeats up to 30 
times in healthy people.  In familial ALS and frontotemporal 
dementia this segment expands up to a hundred to a thou-
sand times. This expansion is sometimes leading to sporadic 
ALS. This abnormal repeat expansion causes neurotoxicity by 
several mechanisms, such as leading to defective RNA, and ab-
normal protein synthesis that generate several neurotoxins. In 
addition, reduced normal C9ORF72 protein levels contribute 
to neurotoxicity.¹³

Superoxide dismutase 1 (SOD1) :
SOD1 on chromosome 12q12.¹ was the first identified 

ALS gene. Normal SOD1 protein catalyzes the reduction of 
superoxide to hydrogen peroxide.  A point mutation in the 
SOD1 gene, leads to disease variants that frequently form in-
tracellular aggregates. Genes that encode the adaptor proteins 
such as valocin containing protein (VCP), Protein optineurin 
(OPTN), TANK-binding kinase 1 (TBK1), and sequesto-
some1 (SQSTM1/p62) involve in protein maintenance and 
degradation are also affected.¹³ SOD1 gene is involved in about 
12% of patients with familial ALS and 1–2% of sporadic ALS. 
The SOD1 gene has an autosomal dominant inheritance, except 
the SOD1 D19A variant has autosomal recessive inheritance. 
About 160 pathogenic SOD1 variants have been identified and 
cognitive impairment is rare among all the SOD1 variants. 
Phenotypes of SOD1 ALS include classical ALS and progres-
sive motor atrophy, often with asymmetrical lower limb onset; 
when upper motor neuron signs are missing, and lower motor 
neuron signs tend to predominate. SOD1 ALS has an average 
age of onset of forty, and disease duration is variable. Howev-
er, age at onset and severity may vary significantly depending 
upon the variant involved , and within families for some vari-
ants such as SOD1 I114T, and penetrance may be less than 
100%.¹⁴

Transactive response DNA binding protein 43 (TARDBP) :
The TARDBP gene provides signals for making a protein 

called the transactive response DNA binding protein 43 kDa 
(TDP-43). The TDP-43 protein attaches to the DNA and 
regulates transcription, the process by which mRNA is pro-
duced from the template strand of DNA. The TDP-43 protein 
is associated with the processing of RNA and is one of the 
many proteins which aid in the splicing of mRNA.¹⁵ By help-
ing to cut and rearrange mRNA molecules in various ways, the 
TDP-43 protein regulates the production of different versions 
of specific proteins. This protein can also bind to mRNA to en-
sure its stability. A mutated TDP-43 may thereby allow some 
sections of the genetic code which were meant to be spliced, 
to code proteins. The A382T variant in the TARDBP gene, 
which has an association with both familial and sporadic ALS, 
has been identified in individuals with frontotemporal lobe 
dementia with or without motor neuron disease.¹⁴

Fused in Sarcoma (FUS):
Abnormalities of the FUS gene are found in around 5% 

of patients with familial ALS and 1% of sporadic ALS pa-
tients.¹⁴ FUS gene is functionally similar to TDP-43, which 
regulates DNA and RNA transcription, splicing, and process-
ing. The reason why the mutated FUS gene causes ALS is still 
not clear.¹³ One presumption is that the alteration of gene se-
quence variance leads to protein aggregates within the cell 

causing neurotoxicity and neurodegeneration. About 85 FUS 
gene mutations associated with ALS have been identified.¹⁶ 
There are notable FUS variations such as the P525L muta-
tion which causes severe childhood-onset ALS, which causes 
a shorter lifespan.¹³
� Conclusion
There are only two Food and Drug Administration-ap-

proved medications available for ALS treatment. Riluzole is 
a pill administered twice daily. Its mechanism of action is un-
clear but presumed to reduce glutamatergic neurotransmission 
and suppress excessive firing of neurons.⁹ Edaravone, is a daily 
injection, that acts by reducing oxidative stress and slowing 
down disease progression.  However, it has not shown reversal 
of weakness or been able to be used to cure the disease. Other 
options are supportive care such as artificial feeding, physical 
therapy, tracheostomy, aspiration prevention, and breathing 
support with a mechanical ventilator.¹³

The high heterogeneity of the disease and multiple gene 
involvement is the greatest challenge to finding a treatment 
for ALS. Therefore, multiple targeted treatment approaches 
will be the best option. Recent developments in gene-targeted 
therapeutics with increasing success in similar diseases such 
as Huntington’s disease and Spinal muscular atrophy cre-
ate great hope in FALS treatment. One approach is to find 
gene-targeted treatment for C9ORF72 and SOD1 associat-
ed with more than 60% of FALS and identify gene-specific 
biomarkers which will help to evaluate the success of the treat-
ment. Another approach is repairing the defective gene using 
gene-editing technology such as CRISPR,¹¹ which is current-
ly being tested in Thalassemia and Sickle Cell Anemia.¹⁷  
� References

1. Hardiman, O.; Al-Chalabi, A.; Chio, A.; Corr, E. M.; Logroscino, 
G.; Robberecht, W.; Shaw, P. J.; Simmons, Z.; Van den Berg, L. H. 
Amyotrophic lateral sclerosis. Nature reviews. Disease primers. 
2017, 3, 17071. https://doi.org/10.1038/nrdp.2017.71.

2. Longinetti, E.; Fang, F. Epidemiology of amyotrophic lateral
sclerosis: an update of recent literature. Current opinion in
neurology. 2019, 32(5), 771–776. https://doi.org/10.1097/
WCO.0000000000000730.

3. Van Es, M. A.; Hardiman, O.; Chio, A.; Al-Chalabi, A.; Pasterkamp, 
R. J.; Veldink, J. H.; Van den Berg, L. H. Amyotrophic lateral
sclerosis. Lancet. 2017, 390(10107), 2084–2098. https://doi.
org/10.1016/S0140-6736(17)31287-4. 

4. Kamel, F.; Umbach, D.M.; Munsat, T.L.; Shefner, J.M.; Hu, H.; \
Sandler, D.P. Lead exposure and amyotrophic lateral sclerosis. 
Epidemiology. 2002, 13(3):311-9. https://pubmed.ncbi.nlm.nih.
gov/11964933/.

5. Dickerson, A.S.; Hansen, J.; Gredal, O.; Weisskopf, M.G. 
Amyotrophic Lateral Sclerosis and Exposure to Diesel Exhaust
in a Danish Cohort. Am J Epidemiol. 2018,187(8):1613-1622. 
https://pubmed.ncbi.nlm.nih.gov/29590300/. 

6. Zeng, P.; Zhou, X. Causal effects of blood lipids on amyotrophic
lateral sclerosis: a Mendelian randomization study. Human
molecular genetics. 2019, 28(4), 688–697.https://doi.org/10.1093/
hmg/ddy384. 

7. Bandres-Ciga, S.; Noyce, A. J.; Hemani, G.; Nicolas, A.; Calvo, 
A.; Mora, G.; Tienari, P. J.; Stone, D. J.; Nalls, M. A.; Singleton, 
A. B.; Chiò, A.; Traynor, B. J. Shared polygenic risk and causal
inferences in amyotrophic lateral sclerosis. Annals of neurology. 
2019, 85(4), 470–481. https://doi.org/10.1002/ana.25431. 

ijhighschoolresearch.org



 50 

8. Muscular Dystrophy Association. About Amyotrophic Lateral 
Sclerosis (ALS). https://www.mda.org/disease/amyotrophic-
lateral-sclerosis/causes-inheritance (accessed 2019-02-21). 

9. Bensimon, G.; Lacomblez, L.; Meininger, V. A controlled trial of 
riluzole in amyotrophic lateral sclerosis. ALS/Riluzole Study 
Group. The New England journal of medicine. 1994, 330(9), 585–
591. https://doi.org/10.1056/NEJM199403033300901.   

10.Scotter, E. L.; Chen, H.; Shaw, C. E. TDP-43 Proteinopathy 
and ALS: Insights into Disease Mechanisms and Therapeutic 
Targets. Neurotherapeutics. 2015, 12(2), 352-363. https://link.
springer.com/content/pdf/10.1007%2Fs13311-015-0338-x.pdf. 

11.Van Es, M.; Stephan G.; Westeneng, H.; Nijboer, T.C.W.; Van den 
Berg, L. H. Is it accurate to classify ALS as a neuromuscular 
disorder?Expert Review of Neurotherapeutics. 2020, 20:9, 895-
906. https://pubmed.ncbi.nlm.nih.gov/32749157/. 

12.Hardiman, O.; Al-Chalabi, A.; Chio, A.; Corr, E. M.; Logroscino, 
G.; Robberecht, W.; Shaw, P. J.; Simmons, Z.; Van den Berg, L. H. 
Amyotrophic lateral sclerosis. Nature reviews Disease primers. 
2017, 3, 17071. https://doi.org/10.1038/nrdp.2017.71.   

13.Brown R.H.; Al-Chalabi, A. Amyotrophic Lateral Sclerosis. N. 
Engl J Med. 2017, 13;377(2):162 172. https://www.nejm.org/
doi/10.1056/NEJMra1603471.

14.Boylan, K. Familial Amyotrophic Lateral Sclerosis. Neurologic 
clinics. 2015, 33(4), 807–830. https://doi.org/10.1016/j.
ncl.2015.07.001. 

15.Borroni B, Archetti S, Del Bo R, Papetti A, Buratti E, Bonvicini 
C, Agosti C, Cosseddu M, Turla M, Di Lorenzo D, Pietro 
Comi G, Gennarelli M, Padovani A. TARDBP mutations in 
frontotemporal lobar degeneration: frequency, clinical features, 
and disease course. Rejuvenation Res. 2010 Oct;13(5):509-17. 
https://www.liebertpub.com/doi/10.1089/rej.2010.1017. 

16.Coady T.H,; Manley J.L. ALS mutations in TLS/FUS disrupt 
target gene expression. Genes Dev. 2015, 1696-706. http://
genesdev.cshlp.org/content/29/16/1696.full.pdf.   

17.Frangoul, H.; Altshuler, D.; Cappellini, M. D.; Chen, Y. S.; 
Domm, J.; Eustace, B. K.; Foell, J.; De la Fuente, J.; Grupp, S.; 
Handgretinger, R.; Ho, T. W.; Kattamis, A.; Kernytsky, A.; 
Lekstrom-Himes, J.; Li, A. M.; Locatelli, F.; Mapara, M. Y.; De 
Montalembert, M.; Rondelli, D.; Sharma, A.; … Corbacioglu, 
S. CRISPR-Cas9 Gene Editing for Sickle Cell Disease and 
β-Thalassemia. The New England journal of medicine. 2021, 384(3), 
252–260. https://www.nejm.org/doi/10.1056/NEJMoa2031054.  

�   Author
Wimeth Dissanayake is a senior at Mendon High School, 

who loves neurosciences and genetics, especially CRISPR tech-
nology. He hopes to do major in biology in college, continue 
research in genetic disorders and explore therapeutic options.  

DOI: 10.36838/v3i6.10

ijhighschoolresearch.org



© 2021Terra Science and Education 51 

A Correlation Analysis between Global Plastic Production and 
Floating Macro-and Micro-Plastic Waste in the Ocean  

Hyunwoo Zong       
Korean Minjok Leadership Academy, 800, Bonghwa-ro, Anheung-myeon, Hoengseong-gun, Gangwon-do, 25268, Republic of Korea; 
gosyber@suwon.ac.kr    

ABSTRACT: Since their explosive development in the early 1900’s, the use of plastics has deeply permeated not only our 
everyday lives but have also become an irreplaceable material for industrial purposes from manufacturing to research and 
development. Despite its usefulness, non-degradable plastic has become one of the major modern environmental concerns, as 
research has progressed since the late 1900’s. Today, more than half of the total plastics produced around the world are discarded 
into the ocean – the part of our planet most remote from human populations but most impacted by plastic toxicity. In this study, 
the data from 35 years of global plastic production (GPP), proportion of different disposal methods, and distribution of macro- 
(> 4.75 mm) and micro-plastic (< 4.75 mm) waste found in the ocean were collected. Correlation analysis between GPP and 
macro- and micro-plastic wastes collected from the ocean were found to have R2 values of 0.9963 and 0.9969, respectively. With 
the acknowledgement of the possible damage that plastic wastes can cause, efforts have been made since the 1980’s to reduce the 
amount of plastic wastes being discarded into the environment. As a result, there has been a significant increase in the proportion 
of recycled and incinerated plastic wastes. However, the total amount of ocean plastic waste indicates that the effect of new 
methods of waste treatment has not yet taken place. Efforts in further increasing the rate of plastic recycling and development of 
alternative materials to replace plastic use are needed in order to significantly reduce ocean plastic wastes.

KEYWORDS: Environment; Marine Plastics; Micro-plastics; Plastics Recycling; Waste Management. 

�   Introduction
The massive increase in global plastic production (GPP) has 

contributed to the problem of plastic pollution in the world’s 
oceans. Even though many scientific investigations have been 
done to address this problem, it has not been solved yet. The 
issue is complex, with many contributing factors, which means 
finding a solution is challenging. The sources of marine plastics 
are diverse, including land-based sources (packaging, plastic 
bags, and production waste), the fishing industry (ropes, nets, 
and fishing gear), and others. The variety of sources means 
that managing the pollution from these plastics is difficult, 
subsequently creating an abundance of plastic waste in marine 
environments. Current studies yield that plastic waste accounts 
for 60-80 % of the total waste in the ocean.¹ 

Marine plastic waste can damage the environment in 
multiple ways. The most notable damage is caused by mac-
roplastics such as fishing nets and plastic bags choking and 
starving marine species through ingestion or entanglement. 
The more serious problem, and more difficult one to solve, is 
the abundance of microplastics. Microplastics can be catego-
rized as primary (direct release of particles from products such 
as cosmetics or household cleaning products) or secondary 
(small fragments of particles derived from larger plastic prod-
ucts).² These seemingly insignificant particles may take up to 
thousands of years to be completely degraded in ocean environ-
ment.³ The hydrophobic nature of these microplastic particles 
allow them to bind toxic chemicals, which are then ingested 
by variety of different marine organisms.⁴,⁵ Once released into 

the open water, these particles can freely travel throughout the 
ocean, which makes it nearly impossible to accurately track and 
control the flow of marine plastic waste. Some studies have 
even shown that plastic waste littered from China can travel all 
the way across the Pacific Ocean.⁶

This study focuses on the amount of GPP and plastic litter, 
including macro and microplastics found in the ocean. The cor-
relation analysis was performed to find the best fit model based 
on the collected data. This study also focuses on the change 
of disposal methods and their impact on plastic waste found 
in the ocean from 1980-2015. Overall, this analysis provides 
the best fit model for predicting future marine plastic waste 
and the possible responses to solve the marine plastic waste 
problem. 
�   Methods
Micro- and macroplastic data:
Micro- and macroplastic waste distribution data was ac-

quired from the plastic pollution study by Erikson et al.⁶ 
Estimates of total particle number and weight of plastic waste 
were derived from their 24 expeditions across the world's 
oceans at 1,571 different locations. Despite their hefty sig-
nificance in the field of environmental science, the upper and 
lower boundaries of the terms micro- and macroplastic are 
poorly defined. In this case, due to the size of the mesh used, 
the upper boundary for microplastic was set at 4.75 mm. The 
study also includes an intermediate size class, mesoplastic, 
which accounts for all particles of size between 4.76 mm and 
200 mm. For convenience, mesoplastic was combined with 
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such as corals, planktons, and marine invertebrates. Therefore, 
they are more easily transferred along the food chain to larger 
organisms such as fish and whales. Marine species often in-
gest these plastics, and they can cause severe injuries or death. 
For example, sharks, tuna, and shellfish are known to ingest 
plastic more frequently than other types of fish. The threat of 
microplastic ingestion can pose detrimental health issues for 
humans as well, as these plastic particles can accumulate in 
the tissues of marine species that we consume. such as corals, 
planktons, and marine invertebrates. Therefore, they are more 
easily transferred along the food chain to larger organisms 
such as fish and whales. Marine species often ingest these 
plastics, and they can cause severe injuries or death. For ex-
ample, sharks, tuna, and shellfish are known to ingest plastic 
more frequently than other types of fish. The threat of mi-
croplastic ingestion  can pose detrimental health issues for 
humans as well, as these plastic particles can accumulate in 
the tissues of marine species that we consume.

Combining the GPP from 1980-2015, total plastic pro-
duction was measured each year. GPP massively increased 
from 1980 to 2015. This collected data was further fit into 
the power-law curve model. Correlation between micro- 
and macro-plastic waste collected and GPP closely follows 
a power law curve fit with R² values of 0.9963 and 0.9969, 
respectively (Figure 2A). According to the current trend in 
plastic production and use, GPP was predicted to reach over 
2,134 million tons in year 2050 (derived from the curve mod-
el in figure 2B). In addition, this model predicts over 15.6 
million tons of total plastic particles, which is equivalent to 
particle amounts of 7.5 million tons of micro-plastic and 8.1 

macroplastic in our study to compare just two different class-
es: micro- and macroplastics.

Global plastic production and waste management:
GPP data along with the statistics of their disposal meth-

ods were acquired from the statistical study by Geyer et al.⁷ 
The original data was collected from global annual pure poly-
mer (resin) production data published by the Plastics Europe 
Market Research Group and global annual fiber production 
data by The Fiber Year and Tecnon OrbiChem. The original 
data for different disposal methods of plastic waste was col-
lected separately for four different regions: The United States 
(U.S. Environmental Protection Agency), Europe (collective 
report by PlasticsEurope), China (China Statistical Year-
book), and rest of the world (World Bank data).

Data analysis:
GPP and plastic waste collected from the ocean was ana-

lyzed by the power and exponential model regression using 
Microsoft Excel 365. The coefficient was analyzed as R 
squared, which is a statistical measure of how close the data 
are to the fitted regression model.  The following equations 
were used to predict the GPP in year 2050. The GPP pre-
diction equation is derived from the exponential regression, 
where x is the time (year):

 
yGPP= 8×10-42×e(0.0499x)                         (1)

Micro- and macro-plastic waste in ocean prediction equa-
tion is derived from the power regression model, where x is 
GPP in specific year. The following equation predicts the 
floating plastic in ocean:

ymicro-plastic=20.731xGPP1.6746                         (2)

ymicro-plastic=486.49xGPP12686                          (3)

After micro- and macro-plastic waste in ocean was calcu-
lated using the equations of (2) and (3), total plastic waste 
found in ocean can be predicted using the following equation:

Total plastic waste found in ocean= microplastic+macroplastic (4)

�   Results and Discussion
More than 8 million tons of plastic waste flows into the 

ocean every year. Most of the marine debris from surface wa-
ters consists of macroplastics and microplastics. According to 
their weight distribution (Figure 1, left), it may seem like the 
macroplastic wastes pose a greater threat to the environment. 
However, the microplastic particle count (Figure 1, right) 
by far outweighs that of the macroplastic count. These tiny 
microplastics can be consumed by many marine organisms 
such as corals, planktons, and marine invertebrates. Therefore, 
they are more easily transferred along the food chain to larger 
organisms such as fish and whales. Marine species often in-
gest these plastics, and they can cause severe injuries or death. 
For example, sharks, tuna, and shellfish are known to ingest 
plastic more frequently than other types of fish. The threat of 

Figure 1: Global surface ocean plastic waste distribution by mass and count.  

Figure 2: Regression fitting model with global plastic production (GPP) 
and plastic waste collected in ocean from 1980-2015 (A) Power law curve 
fitting to the GPP with micro- and macro-plastic waste (B) Exponential 
curve fitting to the GPP with year.  
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million tons of macro-plastic particles, flow into the ocean 
each year after 2050. (derived from the curve model in Figure 
2A).

Unless searching for an alternative material that can com-
pletely replace plastic usage, current, practical solutions for 
mitigating the environmental impact of plastic waste include 
recycling and environmental-friendly disposal methods. The 
plastic waste management data from 1980 to 2015 was di-
vided into three sections: discarded, incinerated, and recycled. 
Even though the percentage of incinerated and recycled plas-
tic waste increased each year, both micro and macro plastic 
waste found in the ocean (total marine plastic waste) increased 
(Figure 3). This data suggests that either the current method 
of disposal management is not enough to reduce the amount 
of marine plastic pollution or that there is a delayed effect of 
disposal management on the marine plastic pollution and that 
we must wait to see its full effect.

�   Discussion
There are two methods of plastic waste treatment that are 

relatively eco-friendly: recycling and incineration. By defini-
tion, incineration is a method which burns plastics or other 
wastes at a very high temperature. The advantage of this meth-
od is that it completely gets rid of waste material in a short 
period of time which would otherwise take thousands of years 
to degrade in natural environment. Due to the harmful chem-
icals released during the treatment process, incineration must 
be carried out in a tightly controlled environment. Since the 
late 1980s, rates of plastic recycling and incineration have 
been constantly increased. However, its impact on slowing the 
spread of ocean plastic waste has yet to be observed. To fur-
ther analyze the effect of recycling plastic waste, the disposal 
method distribution by weight was analyzed. Despite the ef-
fort, over 50% of the plastics produced are still being discarded 
into the environment after they are used, and only about 1% 
of the total plastics produced are recycled and still being used. 
(Figure 4) )
�   Conclusion
In this paper, the marine microplastic and macroplastic 

wastes found in the ocean from 1980 to 2015 were analyzed. 
With the GPP and marine plastic waste data, the correlation 
model was established by power-law curve fitting. If the cur-
rent growth rate of plastic production persists, approximately 
2,134 million tons of plastic will be produced by the year 2050. 
This means that more than 15.6 million tons of total plastic 
waste may flow into the global ocean each year after 2050.

The previous studies also demonstrated that the increase in 
plastic production may increase marine plastic pollution. For 
example, a study in 2018 indicates that a plastic production 
rate of 1,900 million tons would be produced in 2050, which 
was similar to our prediction.⁸ This paper also estimates that 
2 million tons of plastic pollution is delivered to the ocean by 
rivers each year. The statistics have forecasted that there will be 
more plastic waste found in the ocean than fish by mass.⁹ Ad-
ditionally, it shows that by 2050, there will be 12 billion tons of 
plastic waste in landfills or in the ocean.

One of the possible explanations for increased amounts of 
marine plastic waste is inefficient plastic waste management. 
In highly populated coastal regions, waste can flow directly 
into the open water without any intervention, creating a crit-
ical need for more efficient waste management systems. It is 
shown that a large portion of mismanaged plastic wastes are 
generated from these densely-populated coastal regions, like 
those of China, Indonesia and Philippines.¹⁰ Previous stud-
ies indicate that improper solid waste management (SWM) 
infrastructure and services are still limited in the countries 
on the Indonesian coast.¹¹ One of the causes for this limited 
disposal management is the lack of community involvement. 
Laziness, lack of knowledge in solid waste recycling, and lack 
of time were identified as the main reasons. Therefore, provid-
ing formal education programs with training novel solid waste 
recycling technologies may increase the efficiency of SWM. 

This paper has acknowledged some limitations. One of them 
is that this correlation model was not further analyzed by geo-
graphical location. Many studies indicate that the heaviest

Figure 3: Change in plastic waste disposal method and total marine plastic 
waste from 1980 to 2015.   

Figure 4: Total plastic production and their disposal method distribution 
by weight.  
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plastic polluters are in Asia: China, Indonesia, Philippines, 
Vietnam, and Sri Lanka. The statistical analysis from previ-
ous studies suggests that these countries contribute to more 
than 56 % of global plastic waste generated.¹¹ Therefore, fur-
ther study is needed to analyze the plastic waste based on both 
geographical location and country. 

In summary, it is clear that marine plastic wastes are deliv-
ered from the rivers and increasing drastically each year. The 
current waste management strategy is still very limited and 
fails to efficiently prevent marine plastic pollution, according to 
the statistics. Therefore, every country has to determine a man-
ageable strategy for improving the efficiency of plastic waste 
management to save the world from marine plastic pollution.   
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ABSTRACT: Dental practices are associated with many risk factors for transmitting viral diseases such as COVID-19. Given 
such strong transmissibility, not only practitioners and dental staff, but also patients are exposed to the possibility of COVID-19 
infection during dental procedures. The World Health Organization (WHO) provided interim guidance to postpone dental 
treatment with the exception of emergency treatments. The governments of the United States and Australia also recommended 
postponing dental procedures and closed dental clinics. However, for at least one year from January 21, 2020, when the first 
COVID-19 patient was reported, to the present, dentistry in Korea has been fully open without any particular restrictive measures. 
A review of the data for the last year showed that the infection rate in dentistry was lower compared to that in other daily activities 
such as restaurants, karaoke rooms, religious meetings, etc. Of the 26,500 practicing dentists, only three were infected, and two 
were not infected in their clinic and one was infected through an unclear infection route. To find the reason for the low infection 
rate among dentists in South Korea and the most commonly used protective measures, we conducted a survey with 252 practicing 
dentists in South Korea. The survey results show that in addition to the regular infection control protocols prior to COVID-19, 
additional personal protective equipment (PPE) such as KF94-grade face masks and face shields reduced the infection risk among 
dentists. Therefore, based on the experience of South Korea, this study explores whether the long-term recommendation of publicly 
trusted organizations such as the WHO and the US government to shut down dental practices except for emergency treatment 
should be reconsidered. This study concludes that dentistry in other countries can also be appropriately open with regular and 
additional PPE, which can benefit patients in need of dental works and also reduce economic impacts on dental industry.

KEYWORDS: COVID-19; Dentistry; Infection Control; Personal Protective Equipment. 

� Introduction
There have been reports indicating that the severe acute respi-

ratory syndrome-associated coronavirus (SARS-CoV) SARS 
can be transmitted airborne more than 6 feet in aerosol parti-
cles,¹ and studies indicating that large amounts of SARS CoV 
RNA are found in saliva in the oral cavity.² In addition, cellu-
lar receptors for 2019-novel corona virus (nCoV) are found 
in the oral mucosa and the surface of the tongue,³ suggesting 
that the oral cavity can be a route of COVID-19 infection. 
Based on these studies, many countries imposed restrictions on 
dental practices at the beginning of the COVID-19 pandemic. 
Since the pandemic began in early 2020, dental clinics were 
shut down from the end of March to June in the United States. 
During the same period in Australia, there were guidelines 
for dental clinics to refrain from general treatment except for 
emergency patients, where the number of infected patients was 
much smaller compared to the U.S. and South Korea.⁴

According to two papers published in April 2020, the 
SARS-CoV-2 virus can survive up to three hours in an aerosol 
state, one day on cloth and wood, two days on glass, four days 
on stainless steel and plastic, and seven days on the surface of 
medical masks.⁵,⁶ Therefore, the Korea Disease Control and 
Prevention Agency recommended that the spaces used by any 
COVID-19 patient must be well ventilated, and surfaces and 

objects must be thoroughly disinfected to reduce potential in-
fection risk factors.

In addition, on August 3, 2020, the WHO announced in-
terim guidance indicating that dental treatment should be 
postponed as much as possible, except for emergencies, because 
of the nature of dental procedures such as aerosol generation 
due to highspeed dental handpieces, proximity between prac-
titioners and patients, frequent exposure to saliva, blood, and 
bodily fluids, and handling of sharp instruments during treat-
ment.⁷ As a result, the revenues of U.S. dental clinics dropped 
sharply, and the US federal government provided financial sup-
port to dentists. Patients had to endure pain, the progression of 
disease, and economic losses due to delayed care resulting from 
missing appointments. In addition, the reduction of jobs in the 
dental industry and the national economy were affected. On 
the other hand, the South Korean government has permitted 
regular dental treatment from throughout the pandemic.⁸ The 
South Korean quarantine guidelines have had no restriction on 
dental treatment at any stage of quarantine. Although it was 
thought that the theoretical prediction of the characteristics of 
the virus and the resulting risk of infection in dentistry could 
be applied equally anywhere, the forms of dentistry allowed 
differed by country. Due to COVID-19, a huge experiment 
was inadvertently conducted to see what kind of infection-re-
lated results were brought about by bioaerosols, including viral
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infectious agents in dentistry during the pandemic.
This work studied the outcomes of the South Korean gov-

ernment policy to allow all dental practices regardless of 
positive cases reported in the dental clinics, and what type of 
personal protective equipment and procedures were employed 
by the dentists in Korea. The study aimed to translate the re-
sults into the government policy regarding dental practices in 
future viral disease outbreaks.
� Materials and Methods
Official data from the Korea Disease Control and Preven-

tion Agency regarding the number of infected dentists over 
the year and restrictions on treatment were obtained. Analyz-
ing the data from the National Statistical Services of Korea, 
the cumulative number of patients treated over the year and 
the number of currently active dentists were confirmed. To 
find out the actual situation in the field of treatment regarding 
the number of infected dentists over the year, an online survey 
was conducted with 252 South Korean dentists. 

Survey Questions:
The survey questions are as follows: 
1. Sex: Male / Female
2. Specialty:
1) general practitioner (GP)
2) endodontist
3) periodontist
4) prosthodontist
5) orthodontist
6) oral surgeon
7) oral medicine and orofacial pain specialist
8) pedodontist
9) oral and maxillofacial radiologist
10) advanced general dentist

3. Type of institution:
1) private office /local clinic
2) university hospital
3) general hospital

4. Number of dentists working in the facility:
1) one person
2) two to three people
3) four or more people

5. Changes in the average number of patients per day since
the COVID-19 pandemic: 

1) increase by more than 10%
2) decrease by up to 10%
3) decrease by 10%-20%
4) decrease by more than 20%

6. Masks worn during treatment:
1) KF94 masks
2) dental masks
6-1. If 1) since what month was KF94 worn

7.Whether face shields are in use:
1) yes, since pre-pandemic
2) yes, sometimes pre-pandemic and always post-pan-

demic 
3) not worn pre-pandemic, but always after post-pandem-

ic 
4) not worn, only mask

8. What additional preventive measures against COVID-19 
are available in addition to question No. 7 and No. 8? 

1) no changes from pre-pandemic infection prevention
measures 

2) checking temperature and offering hand sanitization
for patients 

9. Have you ever experienced the symptoms of COVID-19? 
1) yes
2) no

10.Have you ever been tested for COVID-19?
1) yes
2) no

11.Has a patient confirmed with COVID-19 ever visited
your hospital?

1) yes
2) no
11-1. If so, did you have to go through quarantine?
1) yes
2) no
11-2. Were you also infected?
1)yes
2) no

12. Were you infected in another place?
13. Are you willing to voluntarily shut down your dental

service if the number of patients in the entire community in-
creases rapidly and the government declares the third stage 
of quarantine? (Dentists are not subject to shut down even in 
the third stage of quarantine.
� Results and Discussion
Official data announced by the government:
According to the official statistics released by the Ko-

rea Disease Control and Prevention Agency in response to 
a member of the National Assembly, only one dentist was 
infected by October 2020.⁹ Thereafter, one additional den-
tist was infected in December 2020 and another in January 
2021. Two of the three cases were identified as cases of in-
fection through routes other than infection in a clinic due to 
direct contact with patients. The one case in January 2020 was 
shown to be a case of infection through an unknown route of 
infection (Table 1).¹⁰

A press release from the Korean Dental Association 
(KDA) on August 13, 2020 indicated that there had been 
no cases of infection by droplet transmission among dentists 
and patients for seven months after the outbreak of the first 
positive patient on January 20.¹¹

Table 1: Confirmed Cases of COVID-19 Among Health Care Workers.
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A total of 252 South Korean dentists (190 males and 62 fe-
males) participated in the questionnaire survey. The participants 
were in their 30s and 40s and worked in the metropolitan areas 
and large cities. Among them, 218 were working at private 
clinics, 21 at university hospitals, and 13 at general hospitals. 
As for the classification of the dentists who responded to the 
questionnaire by type, general practitioners were the most 
common, and the distribution of dentists by type is shown in 
Table 3, No. 2. From the item changes in the daily average 
number of patients treated, it could be seen that the number 
of treatment cases mostly decreased, and the rates of decrease 
were in a range of -20% to 0% for 70% of the respondents.

Since the South Korean government or the Korean Dental 
Association (KDA) did not impose any particular restrictions 
on the types of patient treatment or the number of patients, 
it is believed that the number of visiting patients decreased 
rather than the dentists reducing appointments. This indi-
rectly indicates the degree of South Korean people’s fear of 
COVID-19 due to dental treatment over the last one year.

As for the mask worn during treatment, 215 or 85% of the 
dentists wore KF94-grade masks and 37 or 13% of the dentists 
wore dental masks as before the coronavirus outbreak. As for 
the timeframe when the dentists began to wear KF94 masks, 
66 dentists began to wear the KF94-grade masks from Jan-
uary, February, or March 2020, 96 from October, November, 
or December 2019, and 41, or the largest number of dentists, 
began wearing them from December 2019. Whether the den-

In the 2018 dental clinic data from the National Sta-
tistical Office, the number (times) of outpatient visits to 
dental hospitals was 4,344,553 and that of dental clinics was 
71,830,444. The number of practicing dentists was 26,486 as 
of 2019 based on an announcement by the National Health 
Insurance Service (Table 2).¹² The number of confirmed 
COVID-19 cases in South Korea was 69,114, and the num-
ber of deaths was 1,140 (as of 00:00 on January 11, 2021).¹³ 
The Korea Disease Control and Prevention Agency imple-
mented a quarantine system with five stages, and there were 
no restrictions on dental treatment at any stage.¹⁴ 

Survey Results:

Table 2: Total Numbers of Practitioners.

Table 3: Survey Questions and Results.

Table 4: Usage of Personal Protection Equipment.
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tists wore a shield during treatment and whether they took 
other measures to prevent infection are shown in Table 3, No. 
8 and 9. Of the 37 dentists who wore only dental masks, 15 
treated patients without wearing a shield, and according to the 
result of sorting conditions, they responded that no infected 
patients had ever occurred, and no patient had been subjected 
to self-quarantine (Table 3, No. 4).

Also, 30 dentists answered that a COVID-19 patient had 
been treated at the hospital where they were currently work-
ing, and none of the dentists were infected with COVID-19. 
Workplaces included nine university hospitals, three general 
hospitals, and 18 private hospitals. Among the hospitals, 20 
were facilities where four or more dentists were working in 
the same clinic, three were single-dentist private hospitals, and 
one was a general hospital (Table 5). Seven dentists had been 
subjected to self-quarantine by epidemiological investigators. 
Lastly, 46 of the 252 dentists expressed an intention to shut 
down their practice when the number of COVID-19 patients 
surged.
� Discussion
In the case of South Korea, dentistry has been performed 

normally without any particular restrictions for more than one 
year starting from January 21, 2020, when the first positive 
patient was reported, until now. A total of three COVID-19 
cases have occurred among dentists in South Korea so far, one 
in the result of official counts until October 2020, one in De-
cember 2020, and one in January 2021.⁹,¹⁰ There were a total 
of 69,114 COVID-19 cases (as of 00:00AM on January 11, 
2021) out of a population of about 52 million in South Korea, 
so the number of COVID-19 cases among dentists, which is 
three out of 26,500 dentists, can be regarded as an extremely 
small percentage. Moreover, two of these dentists were not in-
fected at their clinic. Regarding the remaining case, the route 
of infection has not been identified. However, as shown in the 
survey, this result is not due to a sharp decline in the number of 
patients. Even when the decrease in patients in the question-
naire survey is considered based on the data on the number of 
dental treatments in 2018, before the outbreak of COVID-19, 
dentists in South Korea had been routinely exposed to bio-
aerosols, including various oral bacteria and viruses.

It cannot be concluded that the number of infections of 
dentists in clinics was zero because the degree of South Ko-
rean dentists’ response to infection, as shown in No. 6-9 of 
Table 3 of the questionnaire survey, was sufficient. Whether 
the result was because of good luck or because the existing 
countermeasures such as thorough wearing of gloves, KF-94 
masks, shields, etc., were adequate should be studied further. 
The South Korean government is still taking strong measures 

against crowding such as in karaoke rooms, cafes, health clubs, 
religious facilities, and restaurant businesses and places where 
a mask cannot be worn. At the beginning of the COVID-19 
pandemic, there were debates over the suitability of KF-94 
masks and dental masks due to the size of the virus, but from 
May, when the weather became warmer, such theoretical and 
academic debates disappeared and everyone began to wear 
dental masks. In South Korea, the first wave surge was from 
the end of February to March. A small second wave occurred 
in August, caused by a large-scale rally, and the third large 
wave came in December. Further studies to find out how den-
tal masks and KF-94 masks showed differences are necessary.

Although the American Dental Association (ADA) classi-
fied dental masks as part of levels 1 to 3,¹⁵ the standards for 
masks in dentistry in South Korea have not been exactly deter-
mined. The questionnaire survey showed that Korean dentists 
started to more actively use face masks starting December 
2019 in accordance with the standards mandated by the South 
Korean government.

The standards for self-quarantine when the treatment of 
an infected patient in a hospital has been identified to have 
changed to add the wearing of protective equipment such as 
disposable surgical gowns to gloves, KF-94 masks, and face 
shields.¹⁶ Currently, dentists at university hospitals are wearing 
disposable surgical gowns when performing general proce-
dures, and the number of dentists at private hospitals who are 
also wearing such gowns is gradually increasing. In this re-
gard, the relationship between disposable surgical gowns and 
dentist infections in clinics should be sufficiently examined 
to see whether wearing the gowns is a necessary standard for 
self-quarantine.

Using the results of a study on COVID-19 in 10 major U.S. 
cities using the location tracking of 98 million mobile phones 
published in the November 20 issue of the journal Nature, it 
was found that a small number of virus spreaders contribut-
ed to the most infections, and that reducing the number of 
people occupying a space is more effective than controlling 
people's movement. In addition, COVID-19 cases increased 
overwhelmingly due to full-service restaurants and religious 
facilities, and only a few occurred among primary care phy-
sicians. It was also shown that the lower the social economic 
status, the higher the probability of infection.¹⁷

Given the information above, the COVID-19 infection 
rates among dentists are even lower than among general pub-
lic, and we assume that the low infection rate is due to social 
distancing such as the reduced number of patients in the office, 
scattered scheduling, and physical distancing in the waiting 
area. Based on the results, dentists in South Korea are exclud-
ed from the medical workers who would be inoculated with 
COVID-19 vaccines first, and the Korean Dental Association 
has requested the authorities recognize dentists as a priority 
vaccination group. In contrast, dentists were excluded from 
the medical workers for priority vaccination with the swine flu 
vaccine in 2009.¹⁸

Overall, COVID-19 led to a huge unintended experiment 
in the field of infection during dentistry, although this is also 
the case with other fields. Therefore, based on the case of South 

Table 5: Usage of Personal Protection Equipment.
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Korea, it is necessary to consider whether it is more correct 
for publicly trusted organizations such as the WHO to pro-
hibit dental procedures except in case of emergency treatments 
based on only academic grounds. Rather than shutting down 
dental clinics, it is necessary to allow the opening dental prac-
tices as long as appropriate protective equipment and infection 
control procedures are implemented. The prevention of the sit-
uation of missing treatment for dental diseases, which include 
chronic diseases due to unneeded fear, and the economic and 
industrial issues such as job loss are also important. In addition, 
the mechanism of virus spreading in the dental settings also 
needs to be studied further.
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