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RESEARCH ARTICLE

Three-Dimensional Hierarchical Porous Electrode Structure 
for Improved Performance in Battery Applications        

Alan Wang              
Westlake High School, 4100 Westbank Dr, Austin, TX 78746, Austin, TX, 78746, USA; alanwang285@gmail.com

ABSTRACT: The demand for lithium-ion batteries is rapidly increasing due to urgent needs for effective renewable energy 
storage. Particularly, attention has shifted towards thick electrodes, as they optimize the amount of active material in multi-
battery systems, increasing the energy densities of these systems; however, thick electrodes lose capacity and stability at high 
output rates due to their low porosity. Current research aims to solve this by utilizing nanotechnology to create porous structures 
in cathode materials that greatly increase ion transport rates. Cathode materials are primarily studied since they reach 20% of 
anode capabilities, limiting overall performance. Previous studies have created porous channels and nanopore structures within 
cathode materials, but these approaches fail to resolve the inert problems of thick electrodes. This project presents a uniform 
three-dimensional porous network in LiCoO₂, a commercialized Lithium-ion battery cathode, using the polymer poly(methyl 
methacrylate) (PMMA) in both micrometer and nanometer scales as a template. After mixing LiCoO2 with PMMA, the mixture 
is heated at high temperatures to burn out PMMA and sinter the templated LiCoO2 powder into a monolithic electrode. The 
micrometer-sized pores enhance ion conductivity by shortening ion diffusion pathways, and the nanometer-sized pores improve 
stability by evenly distributing the battery electrolyte. Compared with commercial standards, these electrodes had up 200% greater 
specific capacities and 51.1% better capacity retention at high output rates, results that can be applied to numerous battery 
applications. This study furthers 3D nanostructure understanding and opens discussion about dual-scale porosity.

 KEYWORDS: Materials Science; Nanomaterials; Energy Storage; Thick Electrodes; Porosity. 

� Introduction
Battery-powered devices and systems are becoming in-

creasingly prevalent in the 21st century, as they are clean 
forms of energy. One of the most promising types of batteries 
are lithium-ion (Li-ion) batteries due to their higher energy 
and power densities (energy density: total amount of energy 
stored divided by the mass of battery; power density: rate at 
which electricity can be charged/discharged divided by the 
mass of battery), longer cycle life, and greater efficiency com-
pared to other rechargeable battery types such as lead acid, 
nickel cadmium, sodium sulfur, and sodium nickel chloride.¹ 
Some of the popular applications for Li-ion batteries include 
electric vehicles, mobile devices, and robotic systems.² Li-ion 
batteries are also applicable in conjunction with energy-har-
vesting systems such as solar, wind and hydroelectric forms 
of energy.³ While Li-ion batteries have become substantially 
better recently with greater energy densities, better cycling 
stability, faster charge/discharge rates, and lower costs, their 
electrochemical performance is still not sufficient to store 
enough energy from renewable sources to completely replace 
fossil fuels. Currently, cathode materials are the limiting fac-
tor in Li-ion battery cells for energy density. Anode materials 
such as graphene and magnetite (Fe₃O₄) can reach specific ca-
pacities of 400-1000 mAh g-1, while cathode materials such 
as LiCoO₂ and LiFePO₄ can only reach specific capacities of 
140-170 mAh g-1.⁴,⁵ Thus, to create Li-ion electrodes with
greater energy densities and faster rate capabilities, areal mass
of cathodes must be improved to meet anode capabilities.

With the introduction of nanotechnology in the past few 
decades, efforts to improve Li-ion battery performance are 

now focused on modifying the morphology (dimensions, 
weight, volume, porosity, structure) of existing materials. 
There are several methods to improve electrode energy densi-
ty in Li-ion batteries, such as templating composite structures, 
doping cathode structures with other metals, carbon coating 
electrode material, and modifying electrolyte composition.⁶,⁷ 
However, current efforts are mainly directed towards modi-
fying electrode structure on a nanoscale to increase electrode 
porosity, especially in thick electrodes as they provide greater 
energy density in battery applications due to a greater ratio 
of active to inactive material.⁸,⁹ Before this study, several oth-
er studies have created porous, thick cathodes using various 
methods such as utilizing wood’s microscopic structure as a 
template, implementing magnetic alignment, and using laser 
processing to produce aligned porous channels within the 
cathode.¹⁰-¹² When cathode particles are oriented in chan-
nels, porosity is controlled, which increases the energy density, 
cycling stability, electronic conductivity in electrodes. Never-
theless, the overall density of the electrode remains relatively 
similar to an unmodified electrode since the pore channels are 
merely embedded into the electrode as better pathways for 
ion diffusion, but electrode areas without grooves still have 
the same properties as an unmodified thick electrode. Hence, 
while electrodes with porous channels may initially have 
high specific capacities and rate performance, they rapidly 
lose capacity at higher output rates. Additionally, metal ox-
ides with mesoporous structures have also resulted in greater 
electrochemical properties such as greater energy and power 
densities due to a uniform and continuous pore network that 
permits efficient transport of electrons and ions while 
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allowing fluids to pass through the internal structure.¹³,¹⁴ 
Thus, when an electrolyte is applied to the mesoporous 
cathode structure, the interconnected pores cause a uniform 
distribution of the electrolyte, which decreases short circuit 
possibilities and produces more stable electrodes. While both 
processes modify thick electrode structure by controlling po-
rosity, spherical polymer templating in a hierarchical format 
has not been utilized to create a uniformly porous electrode 
in combination with macropores. Moreover, several papers 
have adopted a hierarchical porosity strategy to improve 
electrode performance.¹⁵-¹⁷ Bae et al. also studied LiCoO2, 
however they implemented dual-scale pore channels into 
their electrode. Kwon et al. synthesized 3D pores by reacting 
GeO2 with Zn to form pores within the Ge anode material. 
Vu et al. implemented a Carbon composite within a LiFe-
PO4 electrode to create a dual-scale porosity with nanopores. 
However, this study is different from these previous works 
as they have not introduced hierarchical porosity in both a 
micrometer and nanometer scale using polymer templating.  

Through nanotechnology, electrode morphology and 
porosity can be modified at the nanoscale to increase battery 
performance. In this project, the porosity in LiCoO₂ (LCO) 
electrodes is controlled by creating a hierarchical pore network 
in a monolithic (monolith: single piece of material) thick-
electrode (>300 μm thickness) using the spherical polymer 
poly(methyl methacrylate) (PMMA) in both a nano-size 
(~300 nm in diameter) and a micrometer size (30-80 μm in 
diameter) as templates. Both pore sizes increase ion transport 
rates and the surface area of the electrode. However, with the 
combination of the nano-sized pores and micro-sized pores, 
an interconnected porous network allows uniform electrolyte 
diffusion throughout the electrode. It is hypothesized that 
constructing ultra-thick free-standing monolith electrodes 
with a three-dimensional (3D) hierarchically interconnected 
pore network in Li-ion batteries will improve ion transport 
kinetics along the diffusion direction. Consequently, 
commercial LCO composite electrodes will have higher 
material utilization with an increased energy density while 
maintaining high power density, leading to more effective 
usage of renewable energy. Figure 1 captures the potential 
applications of a 3D hierarchically porous, thick LCO cathode 
(3D LCO) through a schematic illustration of the synthesis 
principle and outcome as well as the assembly process for 
experimentation battery cells. The experimentation battery 
cells used in this project were half coin cells (C-2032; Half 
Coin Cell: Li-ion battery assembled with only cathode 
material and lithium metal as anode to restrict results to 
cathode capabilities), and each cell contains a positive case, 
current collector, 3D LCO cathode monolith, liquid battery 
electrolyte, Li-metal, metal spacer, metal spring, and negative 
case. The liquid battery electrolyte is depicted on both sides 
of the separator since even though it is applied on top of the 
separator, the electrolyte imbues throughout the separator 
material, which coats both the cathode and the Li-metal. 

�   Methods
This section summarizes the procedures required to synthe-

size and test Li-ion battery cells using 3D LCO as a cathode 
in a Li-ion half-cell. Figure 2 depicts a flow chart of the exper-
imental procedures with the utilized research equipment and 
the specified products at each step of the experimental process.

Nanometer-sized PMMA Synthesis:
Nanometer-sized PMMA (nano PMMA) was synthe-

sized via emulsion polymerization of the monomer methyl 
methacrylate (MMA), according to Peng et al.¹⁸ First, 0.002 
g sodium dodecyl sulfate was dissolved in 50 mL deionized 
water as a surfactant (surfactant: chemical agent that decreas-
es solvent surface tension to permit effective reaction between 
different substances). Next, 7 g methyl methacrylate monomer 
and 0.056 g potassium peroxodisulfate, the initiator (initiator: 
chemical agent that initiates the polymerization process), were 
dissolved into the solution with continuous magnetic stirring. 
After, the solution underwent a reflux system reaction bubbled 
with nitrogen gas for 20 minutes to ensure that all oxygen gas 
was removed. Then, the reflux system was stirred for 2.5 hours 
at 70 oC to ensure reaction completion. After, the remaining 
solution was centrifuged and inserted into a 120 oC oven to 
dry so all solvents were evaporated.

Figure 1: Schematic illustration of various applications of 3D hierarchical 
porous, thick LCO electrode with C-2032 coin cell assembly.

Figure 2: Schematic flow chart of experimental procedures required to 
synthesize, assemble, and test half Li-ion cells with 3D LCO monoliths as 
the cathode material (blue arrows: experimental steps; green arrows/boxes: 
attained products at specified steps).
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3D Hierarchical Porous LiCoO₂ Monolith Synthesis:
Various PMMA ratios were tested to find the best 

performing measurements, but all monolith samples had 250 
mg of LiCoO₂ active commercial powder (Sigma Aldrich), 
50 mg PMMA (large and/or small), and 0.025 mL 10% 
weight polyethylene oxide (PEO)-lithium bistriflimide 
(TFSI) in acetonitrile solution (PEO solution serves as 
polymer binder between LiCoO₂ and PMMA). The PMMA 
ratios tested were 25 mg small PMMA with 25 mg large 
PMMA (25s/25L), 40 mg small PMMA with 10 mg large 
PMMA (40s/10L), and 50 mg small PMMA (50s). LiCoO₂ 
and respective PMMA amounts were first mixed using a 
conditioning mixer (Thinky Mixer AR-100) for 30 minutes 
to create a uniform mixture of LiCoO₂ and PMMA. Then, the 
LCO:PMMA mixture was ground together with the PEO-
TFSI solution in a mortar and pestle for about 2 minutes 
until the mixture was powdered. After, 100 mg samples were 
weighed out and diced on a glass board to ensure material 
particle size uniformity, then dried for about 5 minutes in 
a 120 oC oven so the PEO-TFSI solvent was evaporated. 
Then, each sample was inserted into a hydraulic press for 1 
minute at a pressure of 10 tons to create 3D hierarchically 
porous LCO (3D LCO) pellets. Afterward, each pellet was 
placed on a bed of commercial LiCoO₂ and calcined from 
20 oC to 400 oC at a 2 oC /min ramping rate, then held at 
400 oC for 2 hours, then heated 400 oC to 850 oC at a rate 
of 1 oC/min, then held at 850 oC for 2 hours, then cooled to 
room temperature naturally. The 3D LCO pellets were then 
placed on a bed of commercial LCO so that surface pore sites 
on the pellet would also be covered by LCO. The calcination 
oven was first set to a temperature of 400 oC to burn out the 
PMMA templates and PEO binder and was then set to 850 
oC to sinter the electrode to form a single solid monolith 
material from the initial powder sample.

Electrode Assembly:
Once 3D LCO monolith has successfully been calcinated, 

the final step was electrode assembly. First, 10% conductive 
carbon (Super P) in N-methylpyrrolidone (NMP) solution 
was drop-casted onto the monolith until the monolith 
was sufficiently coated so that the monolith’s surface and 
pores would both be covered by conductive carbon. Next, 
the monoliths were inserted into a vacuum oven at 120 oC 
overnight to evaporate the NMP solvent. After the monoliths 
were dry, 2032 half coin battery cells were assembled with the 
current collector, the monolith as the electrode, a separator, 
about 0.1 mL 1.0 M LiPF₆ (dissolved in 50/50 mixture of 
Ethylene Carbonate and Diethyl Carbonate) electrolyte 
solution Li-metal plate, a metal spacer, and a metal spring 
and tested on a Neware cycling machine system.
�   Results and Discussion
This section presents the results gathered for the 25s/25L, 

40s/10L, and 50s samples after synthesis. Micrometer and 
nanometer scale images were taken by a Scanning Electron 
Microscope (SEM, Vega3 Tescan & Quanta FEG) and 
electrochemical data was tracked by a Neware battery testing 
system (Neware BT4000) for half coin cells containing 3D 
LCO. 

Morphology Analysis :
In Figure 3, a schematic illustration for the electrode 

design of the 3D LCO electrode is shown. Figures 3a and 3b 
represent current thick electrodes, and Figures 3c, 3d, 3e, and 
3f represent the newly synthesized 3D porous LCO electrode.

As seen in Figures 3a and 3b, current thick electrodes 
cause Li ions to have much longer ion transport rates due 
to their lack of porosity and higher density. This causes 
thick electrodes to have worse rate performance than thin 
electrodes. In inset of Figure 3b, electrolyte diffusion is shown 
at the nanoscale. Due to the lack of porosity, the electrolyte 
remains near the top of the application spot, causing an 
uneven electrolyte distribution, which leads to significantly 
worse ion transport kinetics. Figure 3c depicts the initial 
mixing between LCO, large PMMA, nano PMMA, and the 
PEO-TFSI polymer binder. After sintering the electrode at 
high temperatures, Figure 3d shows the monolith product. 
Figure 3d’s inset displays the electrode on a nanoscale and 
how mesopores formed by nano PMMA aggregates are 
present. Figure 3e displays the Li ion and electron pathways 
in the 3D LCO electrode, which have faster rates due to the 
increased porosity. Figure 3f shows electrolyte diffusion in the 
3D LCO electrode, and the inset of Figure 3f illustrates how 
by adding nano PMMA into the electrode, the electrolyte can 
evenly spread throughout the electrode, allowing for greater 
ion transport kinetics.

To verify the existence of both large and small pores, SEM 
was used to observe the morphology, uniformity, and material 
size. In Figure 4, SEM images of large PMMA and nano-
PMMA are shown respectively in 4a and 4b. Figures 4c, 4d, 
and 4e are images of the 25S/25L, 40S/10L, and 50S 3D 
LCO samples respectively at a 50 μm scale. In Figures 4f, 4g, 
and 4h, images of 25S/25L, 40S/10L, and 50S LCO samples 

Figure 3: a: Thick LCO commercial electrode (Control); b: Control 
electrode with electrolyte; inset of b: Nanoscale depiction of electrolyte 
diffusion in control electrode; c: LCO mixed with large and nano PMMA 
before sintering; d: 3D porous LCO electrode after sintering; inset of d: 
Nanoscale depiction of 3D LCO electrode after sintering; e: 3D LCO 
electrode with conductive carbon and polymer binder; f: 3D LCO electrode 
with electrolyte; inset of f: Nanoscale depiction of electrolyte diffusion in 3D 
LCO.
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are shown respectively at a 200 μm scale. The large PMMA 
in Figure 4a is shown to have a diameter of 30-80 μm, 
while nano PMMA particles have a diameter of ~300 nm. 
However, Figure 4b portrays how nano PMMA particles 
tend to aggregate, which causes the micropores found in 
Figures 4e and 4h. Figures 4c and 4d have clear evidence of 
larger micropores, whereas Figure 4e solely contains smaller 
micropores formed from nano PMMA. As seen in Figures 
4f, 4g, and 4h, the samples had uniform LCO distribution 
throughout the material. Additionally, as the amount of nano 
PMMA added to each sample increased, the density of the 
material decreased due to a greater presence of micropores, 
shown in comparison between Figures 4f and 4h.

To determine the pore size distribution, histograms tracking 
pore diameter percentages for the 25S/25L, 40S/10L, and 
50S samples (Figures 5a, 5b, and 5c respectively) at the 200 
μm scale were created. Each histogram was created using an 
average of eight photos taken at various sites of the electrode, 
and pore diameter was found using ImageJ line drawing. In 
the 25S/25L and 40S/10L samples, most pores were in the 
projected 30-80 μm range, but there were some pores in the 
80-90 μm range. These outliers are likely due to two large 
PMMA particles aggregating together, like the PMMA 
particles in the upper left corner of Figure 4a. In the 50S 
sample, aggregated nano PMMA particles mainly formed 
pores of 10-20 μm in diameter but some larger aggregates 
formed pores of 20-40 μm in diameter.

Electrochemical Data:
Specific Capacity (mAh g‾¹) vs. Voltage (V), C-Rate vs. 

Specific Capacity (mAh g‾¹), and C-Rate vs. Capacity Re-
tention (%) plots for the 25S/25L, 40S/10L, and 50S LCO 
samples are shown in Figures 6a, 6b, and 6c respectively. These 
plots also include data from a standard thick electrode (~270 

μm thick) to compare results with commercial capabilities. 
All values used for Figure 6 correspond with the discharge 
performance of the four cell types. From the plots in Figure 
6a, all four cells reached a mid-voltage of ~3.9V at a rate of 
0.1C. Additionally, all four cells had stable discharge output 
at a 0.1C rate as specific capacity increased, which is shown 
by the relatively flat middle section of the plots. However, at 
a 1C rate, as voltage declined, disparities between maximum 
specific capacities became evident. While the commercial elec-
trode fell to a maximum capacity of 20 mAh g-1, the 25S/25L 
and 50S electrodes reached capacities of ~40 mAh g-1, and the 
40S/10L electrode even reached a capacity of ~60 mAh g-1. As 
shown in Figure 6b, a large gap in specific capacity between the 
commercial electrode and the three 3D LCO samples forms at 
0.3C that persists until 1C, revealing a significant difference 
in stability at higher output rates. In addition, although both 
the 3D LCO samples and commercial electrode decreased in 
capacity, the decrease rate for the commercial electrode was far 
greater than the rate for the 3D LCO electrodes, particularly 
between 0.2C to 0.5C. From Figure 6c, the capacity retention 
in the 25S/25L, 40S/10L, and 50S samples performed at sim-
ilar efficiencies from 0.1C-1C, while the commercial electrode 
fell rapidly from 0.2C-0.5C. At 0.5C, the highest difference 
in capacity retention, at 51.1%, was between the 40S/10L and 
commercial electrode.

�   Conclusions & Future Work
In this study, LiCoO₂ thick electrodes with three-

dimensional hierarchical pores were fabricated through 
polymer templating using poly(methyl methacrylate) in 
both micrometer and nanometer sizes. By creating an LCO 
electrode with a uniform pore distribution of both nanometer 
and micrometer pores, both electrode energy density and 
electrode stability are improved at all C-Rates.

The three tested samples all outperformed industry 
standards in energy densities and cell stability. The best 
performing sample, the 40S/10L ratio, had up to 200% greater 
specific capacities and 51.1% greater capacity retention than 
commercial standards. These results could potentially add 200 
miles/charge to a Tesla Model S and 3 hours of battery life to 
an iPhone.

Figure 4: a: Large PMMA at 100 μm scale; b: Nano PMMA at 500 nm 
scale; c: 25S/25L LCO at 50 μm scale; d: 40S/10L LCO at 50 μm scale; e: 
50S LCO at 50 μm scale f: 25S/25L LCO at 200 μm scale; g: 40S/10L LCO 
at 200 μm scale; h: 50S LCO at 200 μm scale 

Figure 6: a: Specific Capacity (mAh g‾1) vs. Voltage (V) plots of 3D LCO 
and commercial electrodes at 0.1C and 1C; b: Cycle Number vs. Specific 
Capacity (mAh g‾1) plots of 3D LCO and commercial electrodes; c: Cycle 
Number vs. Capacity Retention (%) of 3D LCO and commercial electrodes  

Figure 5: a: 25S/25L averaged pore histogram at 200 μm scale; 40S/10L 
averaged pore histogram at 200 μm scale; 50S averaged pore histogram at 
200 μm scale 
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conductive carbon to be more uniformly integrated in the 
material.

Additional future studies could include testing this 
synthesis approach with different cathode and anode 
materials, determining why trends in pore size distribution 
form, tracking Coulombic efficiency for these samples, and 
optimizing the nano and micro PMMA ratio.
�   Acknowledgements
The author greatly appreciates the support of this research 

from the Walker Department of Mechanical Engineering at 
the University of Texas at Austin, and particularly acknowledg-
es Professor Guihua Yu and Dr. Xiao Zhang for their extensive 
help in scanning electron microscopy imaging, coin cell assem-
bly, and research guidance.
�   References

1. Guney, M. S., & Tepe, Y. (2017). Classification and assessment of 
Energy Storage Systems. Renewable and Sustainable Energy Re
views, 75, 1187–1197. https://doi.org/10.1016/j.rser.2016.11.102..
https://pubmed.ncbi.nlm.nih.gov/31467682/

2. Yang, Y., Okonkwo, E. G., Huang, G., Xu, S., Sun, W., &amp; He, 
Y. (2021). On the sustainability of lithium ion battery industry – a 
review and perspective. Energy Storage Materials, 36, 186–212. 
https://doi.org/10.1016/j.ensm.2020.12.019.

3. Diouf, B., & Pode, R. (2015). Potential of lithium-ion batteries in 
renewable energy. Renewable Energy, 76, 375–380. https://doi.
org/10.1016/j.renene.2014.11.058. 

4. Goriparti, S., Miele, E., De Angelis, F., Di Fabrizio, E., Proietti 
Zaccaria, R., & Capiglia, C. (2014). Review on recent progress of 
nanostructured anode materials for Li-ion batteries. Journal of 
Power Sources, 257, 421–443. https://doi.org/10.1016/j.jpow
sour.2013.11.103. 

5. Fergus, J. W. (2010). Recent developments in cathode materials for 
lithium ion batteries. Journal of Power Sources, 195(4), 939–954. 
https://doi.org/10.1016/j.jpowsour.2009.08.089. 

6. Zhang, X., Hui, Z., King, S., Wang, L., Ju, Z., Wu, J., Takeuchi, 
K. J., Marschilok, A. C., West, A. C., Takeuchi, E. S., & Yu, G. 
(2021). Tunable porous electrode architectures for enhanced Li-ion 
storage kinetics in thick electrodes. Nano Letters, 21(13), 5896–
5904. https://doi.org/10.1021/acs.nanolett.1c02142. 

7. Jyoti, J., Singh, B. P., & Tripathi, S. K. (2021). Recent advancements 
in development of different cathode materials for rechargeable lith
ium ion batteries. Journal of Energy Storage, 43, 103112. https://
doi.org/10.1016/j.est.2021.103112. 

8. Singh, M., Kaiser, J., & Hahn, H. (2015). Thick electrodes for high 
energy lithium ion batteries. Journal of The Electrochemical Soci
ety, 162(7). https://doi.org/10.1149/2.0401507jes. 

9. Wu, J., Zhang, X., Ju, Z., Wang, L., Hui, Z., Mayilvahanan, K., 
Takeuchi, K. J., Marschilok, A. C., West, A. C., Takeuchi, E. S., & 
Yu, G. (2021). From fundamental understanding to engineering 
design of high‐performance thick electrodes for scalable energy‐
storage systems. Advanced Materials, 33(26), 2101275. https://doi.
org/10.1002/adma.202101275. 

10.Lu, L.-L., Lu, Y.-Y., Xiao, Z.-J., Zhang, T.-W., Zhou, F., Ma, 
T., Ni, Y., Yao, H.-B., Yu, S.-H., & Cui, Y. (2018). Wood-in
spired high-performance ultrathick bulk battery electrodes. Ad
vanced Materials, 30(20), 1706745. https://doi.org/10.1002/
adma.201706745.

11.Sander, J. S., Erb, R. M., Li, L., Gurijala, A., & Chiang, Y.-M. 
(2016). High-performance battery electrodes via magnetic 
templating. Nature Energy, 1(8). https://doi.org/10.1038/nener
gy.2016.99. 

12.Park, J., Jeon, C., Kim, W., Bong, S.-J., Jeong, S., & Kim, H.-
J. (2021). Challenges, laser processing and electrochemi
cal characteristics on application of ultra-thick electrode for 
high-energy lithium-ion battery. Journal of Power Sources, 482, 
228948. https://doi.org/10.1016/j.jpowsour.2020.228948. 

13.Peng, L., Fang, Z., Zhu, Y., Yan, C., & Yu, G. (2017). Holey 2d 
nanomaterials for electrochemical energy storage. Advanced 
Energy Materials, 8(9), 1702179. https://doi.org/10.1002/
aenm.201702179. 

14.Celik, E., Ma, Y., Brezesinski, T., & Elm, M. T. (2021). Ordered 
mesoporous metal oxides for electrochemical applications: Cor
relation between structure, electrical properties and device per
formance. Physical Chemistry Chemical Physics, 23(18), 10706–
10735. https://doi.org/10.1039/d1cp00834j.

15.Bae, C.-J., Erdonmez, C. K., Halloran, J. W., & Chiang, Y.-M. 
(2012). Design of battery electrodes with dual-scale porosity to 
minimize tortuosity and maximize performance. Advanced Materi-
als, 25(9), 1254–1258. https://doi.org/10.1002/adma.201204055.

16.Kwon, D., Ryu, J., Shin, M., Song, G., Hong, D., Kim, K. S., & 
Park, S. (2018). Synthesis of dual porous structured germanium an
odes with exceptional lithium-ion storage performance. Journal of 
Power Sources, 374, 217–224. https://doi.org/10.1016/j.jpow
sour.2017.11.044.

17.Vu, A., & Stein, A. (2011). Multiconstituent synthesis of 
LiFePO4/C composites with hierarchical porosity as cathode ma
terials for lithium ion batteries. Chemistry of Materials, 23(13), 
3237–3245. https://doi.org/10.1021/cm201197j.

18.Peng, J., Zhang, T., Zhang, H., Zhang, Z., Li, Z., Lei, G. (2012). 
Synthesis and electrochemical performance of three-dimen
sionally ordered macroporous licoo2. Journal of Solid State Elec
trochemistry, 16(9), 3079–3085. https://doi.org/10.1007/s10008-
012-1752-1. 

�   Author
Alan Wang is a junior at Westlake High School in Austin, 

Texas. He is interested in studying energy systems and the in-
tersection between materials science and electrical engineering 
in the future.

 ijhighschoolresearch.org



© 2022 Terra Science and Education 6 DOI: 10.36838/v4i5.2

RESEARCH ARTICLE

Development of Highly Efficient Cellular Uptake Cell-
Penetrating Peptide for Novel Cancer Treatment        

Hongji Kim              
Yongsan International School of Seoul, 285 Itaewon-ro, Yongsan-gu, Seoul, 04347, South Korea; bonettekim.8680@gmail.com

ABSTRACT: Cell-penetrating peptides (CPPs) are short peptides, which can carry various types of molecules into cells. 
Therefore, CPPs have been predominantly used in preclinical and basic cancer research for more than 30 years. However, low 
cellular uptake of CPPs caused severe side effects for breast cancer treatment. CPPs are rich in positively charged amino acids 
such as arginine and lysine and can translocate over membranes and gain access to the cell interior. Therefore, we hypothesized 
that the addition of positive charge peptides on cell-penetrating peptides would enhance the cellular uptake of CPPs. In this 
study, we constructed three types of CPPs: BR2 (+7 charge), R9 (+9 charge), BR2-R9 (+16 charge). To localize the CPPs inside 
the cancer cells, we added Fluorescein isothiocyanate (FITC), which is a bright green fluorophore, on the C-terminal of each 
peptide. BR2-R9 showed much higher cellular uptake compared to BR2 and R9 on both human breast cancer cell lines (MCF-7 
and MDA-MB-231). This result indicates that BR2-R9, which contains the most positive amino acids, can be applied for efficient 
drug delivery in cancer treatment. This study successfully develops a novel CPP for enhancing the cellular uptake in cancer cells 
and provides new insights into clinical applications of cancer treatment.

 KEYWORDS: Biology; Cancer Biology; Cell-penetrating peptide; Cancer Treatment. 

�   Introduction
Breast cancer occurs everywhere around the world, among 

women who are in the stages of puberty or later. In 2022, 
2.3 million women were diagnosed with breast cancer, with 
about 680,000 deaths worldwide. However, near the end of 
2022, 7.8 million women with breast cancer were still alive. 
This made breast cancer the most “prevalent” cancer globally 
because of its 90% 5-year survival rate.¹ 

In breast cancer chemotherapy, drugs are used to target and 
destroy breast cancer cells. The drugs are usually injected into 
a vein or are also taken as pills. Chemotherapy is often used 
with several other treatments like surgery, radiotherapy, or 
hormone therapy. It helps increase the chances of a cure, re-
duce the risk of cancer recurrence, or lessen cancer symptoms. 
Importantly, if breast cancer has spread to other body parts, 
chemotherapy can be used as the primary treatment. Howev-
er, it carries a risk of side effects such as hair loss, easy bruising, 
infection, and many more.²

In radiotherapy, high-energy X-rays, protons, or other 
particles are used to kill cancer cells, as cancer cells are more 
prone to the effects of radiation therapy than normal cells. 
The radiation for breast cancer may be delivered through ex-
ternal and internal radiation. It is an effective way to decrease 
breast cancer recurrence and ease the symptoms caused by 
cancer. Many patients also use radiotherapy if breast cancers 
are too big to remove through surgery or have inflammatory 
breast cancer. However, there may be side effects like fatigue, 
skin irritation, or breast swelling.³  

Hormone therapy is used to block hormones from attach-
ing to the receptors of cancer cells or even to reduce the body’s 
production of hormones. This method is often used after sur-
gery to decrease the risk of cancer recurrence. It may also be 
used to shrink a tumor before going into surgery. Hormone 

therapy is mainly used for hormone receptor-positive breast 
cancers, also called ER-positive or PR-positive by doctors. 
However, there can also be significant side effects such as 
nausea, vaginal irritation, muscle pain, etc. Apart from thera-
py, medications like tamoxifen or toremifene block hormones 
from attaching to cancer cells.⁴ 

Cell-penetrating peptides consist of peptides (short chains 
of amino acids) that allow entering endocytic pathways to 
transport the molecules across the cell membrane. Many of 
them are known to mediate intracellular delivery of nucle-
ic acids, proteins, or nanoparticles.⁵ The peptide sequences 
have a positive charge and are rich in lysine or arginine. Their 
physicochemical properties also classify CPPs into categories 
like cationic, amphipathic, and hydrophobic classes.   Many 
approaches have been developed to enhance the permeabili-
ty of therapeutic proteins by attaching them to a CPP.⁶ The 
peptide-based delivery can increase the consumption of drugs 
in tumor cells and increase the effectiveness of certain treat-
ments of either small molecule drugs or oligonucleotide-based 
therapeutics. Additionally, as CPP can transport cargoes into 
the cell, CPP-based delivery is a promising strategy for cancer 
drug delivery. CPP can be helpful to both chemotherapeutics 
and modern gene-based drugs for delivering them into tumor 
cells.⁷    

In this study we hypothesized that the addition of positive 
charge peptides on cell-penetrating peptides would enhance 
the cellular uptake of CPPs. We constructed three types of 
CPPs: BR2 (+7 charge), R9 (+9 charge), BR2-R9 (+16 charge) 
and tested their efficacy.
�   Methods
Cell culture and maintenance:
Human breast cancer cell line MCF7 and MDA-MB-231 

were purchased from Korea Cell Line Bank. RPMI 1640 
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(Gibco) with 10% fetal bovine serum and 1% penicillin and 
streptomycin was used to culture cancer cell lines. The cells 
were maintained in a 37 °C CO2 cell incubator.

CPP stock solution preparation:
The weight of the CPP powder was measured to prepare 

the stock solution for each CPP (BR2, R9, and BR2-R9). 
The stock concentration of 1 mM of each CPP was prepared. 
1.2 mg of BR2 powder was measured, and 535.7 mL DMSO 
was added. 1.7 mg of R9 powder was measured, and 882.7 
mL DMSO was added. 0.8 mg of BR2-R9 powder was 
measured, and 204.1 mL DMSO was added.

CPP delivery optimization test:
Two glass slides were prepared to test the CPP delivery 

efficiency. Each glass slide has eight sections. One slide was 
used for MCF7, and the other slide was used for MDA-
MB-231. Both of the slides consisted of two no-treatment 
sections, and the other sections contained 5 mM and 10mM 
concentrations for BR2, R9, and BR2-R9 (Figure 1).   

CPP delivered cell fixation and fluorescence imaging:
300 μL of methanol was added to each slide after removing 

all the cell media from the cell slide. The methanol was 
removed after 10 minutes of incubation. 15 μL of DAPI-
containing mounting solution (VECTASHIELD) was added 
in the middle of each sample. The glass slide was covered on 
top of the cell containing the slide. Then, the slide was placed 
on the fluorescence microscope (Nikon), and the image of the 
cells was photographed. 

Quantification of green fluorescence cells:
After the cell media was removed, we added the Trypsin-

EDTA and incubated the cells for five minutes. 400μL RPMI 
media, cells, and the CPPs (BR2, R9, BR2R9) were added to 
each tube. The tubes were incubated for 10 minutes. 15 μl 
of the cell suspension was added into a PhotonSlide (Logos 
Biosystem). The LUNA-FL, a cell counting device, was used 
to count the green-fluorescent cells.
�   Results and Discussion
We used herein to design several CPP with cancer cell 

specificity. BR2, a motif of an anticancer peptide Buforin IIB, 
is a 17-amino acid peptide that was found to have cancer-

specificity without toxicity to normal cells (Table 1). BR2 
enters the cancer cells after targeting them with gangliosides 
through lipid-mediated micropinocytosis. BR2 also showed 
a higher membrane translocation efficiency than the other 
CPPs.⁸

Arg⁹, a synthetic homophily-arginine nonapeptide (R9), 
plays an essential role in cellular uptake. R9 is a cell-penetrat-
ing peptide (CPP) with a cationic guanidinium group that 
forms electrostatic interactions with anionic cell membrane 
components like phospholipids and sulfated proteoglycans.⁹ 
The interaction can also trigger intracellular signaling and in-
ternalization in many pathways. Since R9 has a simple peptide 
structure with positive charges, R9 has been extensively stud-
ied with many peptide modifications for specific drug delivery. 
¹⁰ 

A high concentration of BR2 is needed for cancer cell deliv-
ery since BR2 shows relatively low cell delivery in cancer cells. 
We combined BR2 and R9 to synthesize the BR2-R9 fusion 
peptide to solve this problem. BR2 has a charge of +7, and 
R9 has a charge of +9, making BR2-R9 have a charge of +16 
(Table 1). The positive charge will increase the electrostatic 
interaction, and this property will allow more cellular uptake 
in cancer cells. 

We aimed to analyze the cellular uptake level of BR2, R9, 
and BR2-R9 on MCF7 breast cancer cells. Either 5 μM and 
10 μM of BR2, R9, or BR2-R9 were incubated with MCF7 
cells for 48 hours. Then, we photographed the green-fluo-
rescent positive cells using a fluorescence microscope. The 
green-fluorescent cells indicate the CPP cellular uptake (Fig-
ure 2). Both 5 μM and 10 μM of BR2 treatment conditions 
showed the lowest number of cells with green fluorescence. 
The treatment conditions of 5 μM and 10 μM of R9 showed 

Table 1: The CPPs used in this study and charge number.

Figure 1: Cell containing slide for testing CPP delivery efficiency.

Figure 2: BR2-R9 showed the most efficient cell penetration on MCF7 
breast cancer cell line. MCF7 cells were incubated with either 5 μM and 
10 μM of BR2, R9, or BR2-R9 for 48 hours. The green fluorescence cells 
indicate the CPP uptake cells. Scale bar = 200 μm.
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an increased number of green-fluorescent cells compared to 
BR2 treatment conditions (Figure 2). This result indicates that 
the cellular uptake of R9 is higher than BR2. As expected, 
both 5 μM and 10 μM of BR2R9 treatment conditions exhib-
ited the highest number of green-fluorescent cells than BR2 
and R9 (Figure 2). We speculate that this result is due to the 
positive charges of BR2 and R9 fusion peptides. In conclusion, 
BR2R9 fusion peptides show the most efficient cellular uptake 
on MCF7 breast cancer cells.

Next, we analyzed the cellular uptake of CPP on differ-
ent breast cancer cell lines to confirm the result in Figure 2. 
MDA-MB-231, which is known to have more invasive char-
acteristics than MCF7 was used to test the cellular uptake of 
BR2, R9, and BR2-R9. MDA-MB-231 was incubated with 5 
μM and 10 μM of BR2, R9, or BR2-R9 for 48 hours. We took 
photos through a fluorescence microscope to check the results 
of the green fluorescent positive cells. The green fluorescent 
cells and their CPP cellular uptake are shown (Figure 3). The 
5 μM and 10 μM of BR2 treatment conditions showed the 
lowest number of cells with green fluorescence (Figure 3). The 
treatment conditions of 5 μM and 10 μM of R9 showed a 
greater increase in green fluorescent cells than BR2 treatment 
conditions (Figure 3). This result indicates that the cellular 
uptake of R9 is higher than BR2 in both MCF7 and MDA-
MB-231. As hypothesized, both 5 μM and 10 μM of BR2-R9 
treatment conditions appeared to have the highest number of 
green fluorescent cells than BR2 and R9 on MDA-MB-231 
cells (Figure 3). Additionally, there was more cellular uptake in 
MDA-MB-231 than MCF7, as we can see that there are more 
green fluorescent cells present in MDA-MB-231 than MCF7 
(Figure 3). BR2R9 fusion peptides showed the highest cellular 
uptake on MDA-MB-231 (Figure 3). 

After the treatment of BR2, R9, and BR2-R9 on both 
MCF7 and MDA-MB-231, we used a cell counter device 
to calculate the percentage of green-fluorescent cells. We 
used three CPP treatment concentrations to quantify the 
green-fluorescent cells on MCF7 and MDA-MB-231. Each 
CPP was incubated with the cells for only 10 minutes. After 
the incubation, the cells were inserted into cell counting slides. 
Finally, the cell counter device quantified the percentage of 
green-fluorescent cells. The 0 μM CPP concentration showed 
no green-fluorescent cells, indicating there were no green-flu-
orescent cells without CPP treatment (Table 2). The 5 μM of 

BR2 shows 0% green-fluorescent cells on MCF7 and 11.2% 
on MDA-MB-231 (Table 2). The 5 μM of R9 shows 21.7% 
green-fluorescent cells on MCF7 and 4.1% on MDA-MB-231 
(Table 2). The 5 μM of BR2-R9 shows 73.8% green-
fluorescent cells on MCF7 and 97.6% on MDA-MB-231 
(Table 2). The 10 μM of BR2 shows 0% green-fluorescent 
cells on MCF7 and 0% on MDA-MB-231 (Table 2). The 
10 μM of BR2 shows 5.5% green-fluorescent cells on MCF7 
and 4.5% on MDA-MB-231 (Table 2). The 10 μM of BR2 
shows 56.1% green-fluorescent cells on MCF7 and 84.1% on 
MDA-MB-231 (Table 2). In conclusion, BR2-R9 had the 
most cellular uptake in MCF7 and MDA-MB-231. 

Next, we used a 200x magnification microscope to observe 
BR2-R9 localization inside the breast cancer cells in higher 
resolution. Since BR2-R9 contains a FITC tag, which emits 
a green-fluorescent signal, we hypothesized that a green 
fluorescence signal would be detected inside the cancer cells. 
After we incubated MCF7 and MDA-MB-231 cells with 
BR2-R9 for 48 hours, the image was captured to analyze 
the internalization of BR2-R9.  We detected that BR2-R9 
was localized inside the cells as the green-fluorescent signal 
appears to cover about 60% of the cells. This indicates that 
BR2-R9 covers more than half of the cell components. We 
can also see that BR2-R9 CPPs were aggregated towards a 
certain cell membrane rather than being present in all parts 
of the MDA-MB-231 cells (Figure 4A). We detected that 
MCF7 was present inside the cells, but the green-fluorescent 
signal covers less than MDA-MB-231. The BR2-R9 CPPs 
in MCF7 were aggregated towards a certain side of the cell, 
similar to MDA-MB-231 (Figure 4B). In conclusion, we can 
see that BR2-R9 successfully penetrates the cell membrane 
of both MCF7 and MDA-MB-231 cells. When BR2-R9 

Figure 3: BR2-R9 showed the most efficient cell penetration on the MDA-
MB-231 breast cancer cell line. MDA-MB-231 cells were incubated with 
either 5 μM and 10 μM of BR2, R9, or BR2-R9 for 48 hours. The green 
fluorescence cells indicate the CPP uptake cells. Scale bar = 200 μm.

Table 2: . Quantification of green fluorescence cells using cell counter 
device.

Figure 4: BR2-R9 penetrates the cell membrane and localizes inside the 
breast cancer cell lines. (A) Green fluorescence of BR2-R9 inside MDA-
MB-231 cells. (B) Green fluorescence of BR2-R9 inside MCF7 cells. Scale 
bar= 10 μm.
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enters the cells, they are aggregated in specific regions of the 
cells. Even after 48 hours of incubation, the BR2-R9 remained 
inside the cells. This indicates that this fusion peptide is stable 
in breast cancer cells for at least 48 hours. 
�   Conclusion
The fusion peptides that we created can be used to make 

better drug delivery or breast cancer treatment. We can also 
use low concentrations of CPP, which can also lower the cost of 
the treatment strategies. Using low concentrations will reduce 
the side effects as well. The cellular cytotoxicity of CPPs can 
be a limitation because it was not investigated in this study. 
Additionally, more human cancer cells can be tested because 
this study only used two models. In the future, we can widen 
our field and experiment with other types of cancer cells and 
use mouse models for our study and test the CPP delivery in 
these different kinds of cancer cells. More investigation on 
how the CPP enters the cells should be studied in the future.
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ABSTRACT: The accumulation of plaque is produced by oral bacterial pathogens, Streptococcus mutans (S. mutans), which 
causes dental cavities. Dextranase can prevent dental caries by degrading dextran (the main component of plaque biofilm). 
However, dextranase is unstable in dental care products such as toothpaste. Therefore, this project aims to increase the stability 
and specificity of dextranase in toothpaste. We hypothesized that agarose encapsulation would increase dextranase stability and 
encapsulated hydroxyapatite nanoparticle (HA)-immobilized dextranase in toothpaste would increase biofilm (produced by S. 
mutans) degradation specificity. We tested the immobilization yield with a DNSA assay. The results indicated that 5 % HA was the 
most optimized immobilization condition. To increase the stability of the immobilized HA-dextranase by preventing dextranase 
degradation, agarose, a natural non-toxic polysaccharide, was used to encapsulate HA-dextranase into uniform agarose beads. To 
test the stability of dextranase, 1% Dextranase, 5% HA-Dextranase, and Encapsulated HA-dextranase were mixed in sodium 
acetate, 1 % toothpaste, and 100 % toothpaste conditions at 25 °C and 50 °C for 48 hours. The result showed that encapsulated 
HA-dextranase had the highest relative stability in 100% toothpaste at 50 °C. Biofilm formation of S. mutans was quantified to 
test the specificity of dextranase in degrading biofilm. The results showed the greatest amount of S. mutans degradation occurred 
with encapsulated HA-dextranase. Overall, immobilized HA-dextranase removed biofilm most effectively and increased the 
specificity of dextranase from agarose encapsulation. This research can be applied in formulating toothpaste with dextranase to 
increase dental plaque biofilm removal efficiency.

 KEYWORDS: Molecular Biology; Biochemistry; Streptococcus mutans; Dextranase; Hydroxyapatite.

�   Introduction
Most toothpaste contains fluoride to help prevent dental 

caries.¹ However, there are limitations to fluoride in remov-
ing dental cavities. Fluoride, since it is a chemical, in large 
amounts can cause several health issues.² Excess fluoride 
exposure can cause skeletal fluorosis, a bone disease that im-
pairs joint mobility, causing stiffening and fractures in bones 
and joints.³ Exposure to large fluoride concentrations during 
childhood can result in mild dental fluorosis, where white 
specks appear on tooth enamel.⁴ Abrasives in toothpaste is 
another limitation with current too. If there is a more signifi-
cant number of abrasives than is safe, relative dentin abrasion 
(RDA) levels amount above 250 can lead to microabrasions, 
harming tooth enamel.  

Dextranase is a substance that can be applied to toothpaste 
to overcome the current limitations.⁵ Dextranase degrades 
dextrans preventing dental caries.  When applying it to tooth-
paste, the most important problems with dextranase paste are 
low stability (easily degraded in toothpaste) and low specific-
ity (randomly distributed in the mouth).⁶ Therefore, in this 
research, dextranase is engineered to increase its stability and 
specificity for the efficient removal of dental biofilm. First, 
dextranase is encapsulated with hydrophilic agarose gel to 
increase stability; then, dextranase is immobilized with hy-
droxyapatite (HA) nanoparticles (<200nm) to enhance the 
specificity of degrading biofilm.

Dextranase is a hydrolase (an enzyme that uses water to 
break chemical bonds) that prevents tooth decay.⁵ Dextranase 
prevents dental caries by breaking down or cleaving dextran (a 

complex branched glucan that is a component of plaque bio-
film and occurs naturally in sucrose) and eliminating dental 
plaque. Due to its properties, dextranase has several industrial 
applications as a potential oral wash ingredient (to prevent 
dental caries), clearing contaminants such as dextran during 
cane sugar manufacturing, and synthesizing oligosaccharides.⁷

As mentioned above, dextran is a complex branched glucan, 
or a group of glucose polymers made by a specific bacterium, 
Streptococcus mutans (S. mutans), and sucrose.⁸ Dextran is used 
as plasma volume expanders and anticoagulants. Although 
dextran is biodegradable, it can also be cleaved by dextranase 
(an enzyme). In biological experiments and industry, it serves 
various purposes. Additionally, dextran is found naturally in 
sucrose, confectionery, jams, and syrups.⁹

S. mutans is a bacterium that causes the formation of dental 
caries and inhabits the human oral cavity.¹⁰ It causes tooth 
decay when inhabiting dental plaque, a biofilm that forms 
on human teeth. S. mutans use sugars such as sucrose derived 
from food to build a capsule on the tooth's hard surface. In-
side the formed capsule, the bacteria use more sugar to fuel 
metabolism and lactic acid, attacking the tooth's enamel. 
Moreover, S. mutans have specific properties that allow them 
to form dental caries.¹¹ They can colonize the tooth, which 
damages the tooth enamel by synthesizing sucrose and glucan, 
metabolizing various carbohydrates into organic acids tolerat-
ing low pH environments. 

Overall, the purpose of this experiment was to engineer 
dextranase with two processes: 1) immobilize dextranase with 
hydroxyapatite nanoparticles (<200nm), 2) encapsulating the 
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immobilized dextranase with hydrophilic agarose gel. Then, 
the stability of dextranase and specificity of degrading biofilm 
produced from S. mutans was tested. The results demonstrat-
ed increased stability and specificity of dextranase, supporting 
the hypothesis.
�  Methods 
Chemicals stock solution preparation:
205.07 mg of sodium acetate (Sigma) was weighed on a 

weighing boat on a densimeter. The sodium acetate was 
added into 50 mL of water and measured and added into 
a 50 mL tube (BD). 80 mL of 0.5M Sodium hydroxide 
was measured from the previously made solution. 2.18 g of 
3,5-Dinitrosalicylic acid (DNSA) (Daejung) was weighed 
on a densimeter. On a heating plate, at 70 °C, it was stirred 
until the DNSA powder was completely dissolved. After 30 
g of Sodium potassium tartrate (Sigma) was weighed on a 
densimeter, it was added to the mixture. Inside the bottle, 
water was added up to 100 mL. 10 mL of 50 mM sodium 
acetate was measured into a 15 mL tube using a pipetting 
aid. 0.3 g of Dextran 70 (Tokyo Chemical Industry) was 
weighed on a weighing boat on a densimeter then added into 
the tube with sodium acetate. 100 mL of water was measured. 
2 g of Sodium Hydroxide (Duksan) was measured using a 
weighing boat on a densimeter. Both 100 mL of water and 
2 g of Sodium Hydroxide were added to a 250 mL glass 
bottle (Pyrex). To prepare 1% dextranase 1 μL of Dextranase 
(Sigma) and 99 μL of sodium acetate were taken with pipettes 
to a tube for a total of 100 μL. To prepare 1% toothpaste 
solution, 0.05 g of toothpaste (Perioe) was measured directly 
inside a 15 mL tube on a densimeter. 5 mL of 50mM sodium 
acetate was added into the same 15 mL tube. The solution 
was mixed well with a vortexer. 0.9% Sodium chloride was 
made with 500 mL water measured inside a beaker. 4.5 g of 
Sodium Chloride (Bio Basic Inc.) was weighed and added 
to the glass bottle. 50 mL of Paraffin liquid (Samchun) was 
measured and added to a glass bottle. 1.5 mL of Tween #80 
(Samchun) was measured and added into a 50 mL tube (BD) 
to make 3 % Tween #80 in Paraffin oil. The Tween #80 liquid 
is an emulsifier in this solution. 2 g of agarose powder was 
weighed and added to the glass bottle with 50 mL of 0.9% 
sodium chloride to make a 4% agarose solution. The solution 
was microwaved so the agarose dissolved in the solution at a 
temperature between 80-90°C. 

Dextranase activity assay:
The DNS/DNSA method was used for the dextranase 

activity assay. 1 μL of the dextranase solution was put inside a 
1.5 mL tube. 49 μL of sodium acetate was added to the same 
1.5 mL tube to make a diluted dextranase solution. 50 μL of 
each (dextranase) enzyme solution and 150 μL of 3 % dextran 
was pipetted into 1.5 mL tubes. The contents were mixed 
well on a vortexer. The tubes were placed on a 60°C heating 
block for 15 minutes. 200 μL of DNSA reagent was added to 
stop the reaction. The samples were boiled for 5 minutes on 
a heating plate. The samples were pipetted into 15 mL tubes 
containing 3 mL of distilled water added with a pipetting 
aid to dilute the concentration solutions and then mixed well 
using a pipette. In order to determine dextranase activity, 

the samples were pipetted into a microplate to measure the 
absorbance of the mixture at 540 nm using a spectrometer. The 
same assay was repeated for HA-dextranase Immobilization.

HA-Dextranse immobilization:
100 μL of dextranase and 9900 μL of sodium acetate 

were pipetted into a 15 mL tube to make 10 mL of 1 % 
dextranase solution. Eight 1.5 mL tubes were prepared for 
each Hydroxyapatite nanoparticle (HA) (Aldrich) amount. 
With a volume to weight ratio of 1 mL: 1 g = 100 %, the 
HA (g) percentage was determined. In this experiment, 0 % 
(0 g), 0.1 %, (0.001 g), 0.5 % (0.005 g), 1 % (0.01 g), 5 % 
(0.05 g), and 10 % (0.1 g) were prepared. The HA powder 
was measured on weighing boats inside a densimeter. The 
HA beads were crushed by the spoon, and powder was left on 
the weighing boat. The samples were incubated on a shaker 
for 10-12 minutes. The tubes were centrifuged at 13,800 
g for 5 minutes to settle the solution from the sides of the 
tubes to be compacted. 1 μL of each HA-dextranase solution 
sample was pipetted into other tubes with 49 μL of sodium 
acetate. Dextranase activity assay was used to determine HA-
dextranase immobilization yield by measuring the dextranase 
that did not bind with the HA nanobeads.

Calculation of immobilized dextranase yield:
In order to measure the activity of free dextranase and 

remaining dextranase activity, a DNSA assay was performed 
after HA-dextranase immobilization. Immobilized 
dextranase yield (in percent) is calculated by defining the 
control variable or free dextranase (C) and the supernatant 
variable or remaining dextranase without HA (S). Then the 
S value is divided by the C value and subtracted from 1. The 
final value is multiplied by 100 to calculate the yield in a 
percentage, as shown in equation (1). Immobilized dextranse 
yield (%) = 

Encapsulation of HA-dextranase:
Three buffers were prepared in agarose bead preparation 

for dextranase encapsulation. First, the 0.9% Sodium chloride 
solution was made with 500 mL of water and 4.5 g of Sodium 
Chloride. A 3 % Tween 80 in Paraffin oil was made with 
50 mL Paraffin liquid and 1.5 Tween #80. The last buffer 
is a 4 % agarose solution made with 50 mL of 0.9% NaCl 
water and 2 g of agarose. The solution was microwaved, so the 
agarose dissolved in the solution at a temperature between 
80-90 °C. The temperature of the 4 % agarose solution was 
measured and left until it cooled down to 65 °C. Immobilized 
HA-dextranase (5 %) was added to the 4 % agarose solution 
at 65°C and then mixed well with a magnetic stirrer. The 3 
% Tween 80 in Paraffin liquid solution was separated in half 
into 2 15 mL tubes (BD). One 15 mL tube was heated at 
60-70°C, and the other 15 mL tube was frozen at -20°C. 
The heated (60-70 °C) paraffin liquid solution was poured 
into the 5 % HA-dextranase agarose solution mixture. After 
adding the 60-70°C Paraffin liquid solution, the mixture was 
at 50°C. With a magnetic stirrer, the solution was mixed for 
10 minutes. After 10 minutes, the cold (-20 °C) Paraffin 
liquid solution was put into the mixture. When all the 
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solutions were mixed well with a magnetic stirrer, the beads 
were observed under a microscope.

Streptococcus mutants biofilm formation and quantification:
The quantification of Streptococcus mutans and biofilm cells 

was performed in 96-well-plates. The bacteria were inoculated 
in LB broth. They were incubated for 24 hours at 37°C. After 
incubation, the supernatant from each well was removed. The 
biofilm remaining in each well was washed three times with 
sterile distilled water, followed by staining with 1% crystal 
violet (Biorad) solution for 15 minutes. The cells were then 
washed three times with sterile distilled water and air-dried 
for an hour. Stained biofilm cells were de-stained using 95% 
ethanol. After washing with sterile distilled water, 10% SDS 
was added to each well to lysis the biofilm-forming cells. The 
absorbance was measured at 600 nm.
�   Results and Discussion

This experiment aims to determine a linear range of dextra-
nase activity. The linear detection range is the region in which 
the amount of dextranase concentration is proportional to the 
absorbance (540 nm), representing dextranase activity. 

The dextranase activity was measured through DNSA 
(3,5-dinitrosalicylic acid) assay. DNSA (3,5-dinitrosalicylic 
acid) assay method determined dextranase activity. The DNSA 
method is used in biochemistry to determine the total amount 
of reducing sugars. During the reaction, when the reducing 
sugars previously treated with DNSA are placed inside boil-
ing water (at 100°C), the 3,5-dinitrosalicylic acid (DNSA) is 
reduced to 3-Amino-5-Nitrosalicylic acid (ANSA). Depend-
ing on the concentration of reducing sugar in the solution, the 
color of the solution turns darker, ranging from an orange to 
a red color. We placed the samples into a microplate inside 
the spectrometer to measure dextranase activity precisely using 
absorbance at 540 nm.

Since the optimized dextranase concentration is critical to 
measure the activity change of dextranase, we tested six dif-
ferent dextranase concentrations (in percent): 0.01, 0.1, 1, 10, 
50, 100 % dextranase. At dextranase concentrations ranging 

from 10 to 100 %, the 540 nm absorbance is nearly constant 
because the dextranase activity was nearly saturated (Figure 
1). Therefore, 1%, which is in the middle of the linear 
range of dextranase activity, was chosen to be an optimized 
concentration to test the change in the activity of dextranase 
in downstream experiments. 

When dextranase is in the mouth, dextranase specificity 
decreases due to being randomly distributed throughout the 
mouth instead of precisely targeting dental caries and dental 
plaque. Hydroxyapatite nanoparticle (HA) is an inorganic, 
non-toxic nanomaterial used to immobilize proteins. By 
immobilizing dextranase with the HA bead, the dextranase 
will specifically sink deeper between the teeth in areas with 
dental plaque biofilm to degrade dextran with an increased 
dextranase concentration in targeted areas; therefore, 
dextranase specificity increases.

The purpose of determining HA-dextranase 
immobilization yield is to measure the most efficient yield 
of dextranase immobilization for a corresponding amount of 
HA. The optimized condition of HA-dextranase is applicable 
for downstream experiments, specifically in HA-dextranase 
encapsulation. In total, five distinct HA concentrations were 
tested: 0 % (0 g), 0.1 % (0.001 g), 0.5 % (0.005 g), 1 % (0.01 
g), 5 % (0.05 g), and 10 % (0.1 g).

The results demonstrated that at 1 % HA, the immobilized 
dextranase yield is very low (~10%). However, at 5 % HA, the 
results showed an about 50 % increase in the immobilization 
yield compared to 1% HA (Figure 2). At 10 % HA, although 
the percentage of HA was two times the HA amount in 5 % 
HA, there was no significant increase in the immobilization 
yield. The final optimized HA-dextranase immobilization 
yield condition was 5 % HA.

Agarose is a natural polysaccharide obtained from red 
seaweed. It is edible as agarose is a natural substance without 
toxicity.¹² It has a high melting temperature and solidifies to a 
hydrogel at room temperature. Furthermore, using the 

Figure 1: Effect of dextranase concentration on dextranase activity 
measured by DNSA assay. Line graph showing the 540 nm absorbance 
(n=1). Six different dextranase concentrations were prepared: 0.01, 0.1, 1, 10, 
50, 100 %. For the DNSA assay, each dextranase enzyme solution was mixed 
with 3 % dextran. Then the samples were placed at 60°C for 15 minutes.

Figure 2: Effect of immobilized HA-dextranase formation yield by 
increasing HA concentration. Bar graph showing mean ± SD percentage 
of immobilized dextranase (n=3). Dextranase was immobilized by 
incubating dextranase with HA powder for 10 minutes. Five different HA 
concentrations (0 %, 0.1 %, 0.5 %, 1 %, 5 %, and 10 %) were tested. Unpaired 
t-test, ****p < 0.0001.
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emulsification technique, agarose encapsulation results in 
uniform beads.

Previous research indicated that immobilizing dextranase 
to an HA-dextranase complex increases the specificity of 
dextranase.¹³ However, HA-dextranase lacks stability since 
dextranase is diluted throughout the entire mouth, resulting 
in protein degradation. Therefore, in this experiment, 
immobilized HA-dextranase was encapsulated by agarose 
beads with the emulsification technique. By encapsulating the 
HA-dextranase complex, we hypothesized that dextranase 
stability inside the toothpaste would be enhanced due to 
agarose encapsulation. Overall, the purpose of this experiment 
aimed to determine whether encapsulation of HA-dextranase 
was successfully conducted. 

We used the same method of emulsification to prepare 
agarose beads for encapsulation as the previous paper described. 
However, in this experiment, specifically, HA-dextranase 
was encapsulated. From Figure 2, 5 % HA was used as the 
optimized condition of HA-dextranase immobilization yield. 
Additionally, the agarose was dissolved with a 4 % agarose 
solution of 50 mL NaCl and 2 g agarose.

This sample was taken from the top of the encapsulated 
solution to a separate tube; then, the sinking precipitate was 
carefully pipetted for observation under a microscope. The 
left image displays the HA-dextranase complex observed in 
a microscope in both separated and aggregated conditions 
(Figure 3). The small speckles on the right image are naked 
immobilized HA-dextranase. The encapsulated HA-
dextranase is larger and circular with a visible coating layer 
since the agarose bead encapsulates the HA-dextranase 
complex (Figure 3).

Three types of dextranases (1 % Dextranase, 5 % 
immobilized HA-dextranase, and encapsulated immobilized 
dextranase) from previous experiments were tested for their 
stability. The stability of each dextranase type was tested under 
three different conditions: 100 % toothpaste, 1 % toothpaste, 
and sodium acetate (no toothpaste). We added both sodium 
acetate and toothpaste (100 % and 1 %) to each sample. To 
test the thermostability, each set of dextranase samples was 
placed at two temperature conditions: 25 °C and 50 °C, and 
incubated for 48 h.

Since the white translucent substances from toothpaste 
increased the absorbance by 540 nm, the background 
absorbance measurement increased. Therefore, the relative 
value of each condition was calculated and presented as a 
graph. Therefore, we used the relative value of each condition 
to calculate and present the data. Relative value was used to 
organize the data to easily compare the ratio differences of 
dextranase stability within each condition. We calculated the 
relative dextranase value by setting the average of four 1 % 
dextranase measurements at 25°C as the relative value of 1.0. 
Every value in each condition was divided by each respective 
average value. The mean and standard deviation of four 
measurements in each condition is represented by a bar graph, 
while every value is also plotted as a dot (Figure 4).

In the sodium acetate condition at 25 °C, the stability 
of 5% HA-dextranase and encapsulated HA-dextranase 
was decreased compared to 1% dextranase. This result 
suggested that both HA immobilization and encapsulation 
were insufficient to protect dextranase from degradation in 
sodium acetate solution. All three samples incubated at 50 
°C decreased the stability of all samples compared to 1% 
dextranase at 25 °C. This result showed that dextranase was 
not a thermostable protein (Figure 4). 

In 1 % toothpaste, at both 25 °C and 50 °C, relative 
dextranase activity in all conditions was decreased compared 
to 1% dextranase at 25 °C. However, 1% dextranase activity at 
50 °C was significantly decreased compared to 1% dextranase 
activity at 25 °C. This result shows that dextranase is not a 
thermostable protein since enzyme activity decreased in a 
condition with a higher temperature. 5 % HA-dextranase at 
25 °C and 50 °C displayed the lowest activity compared to 1 % 
dextranase and encapsulated HA- dextranase in its respective 
temperatures (Figure 4). 

At 100 % toothpaste, 1 % dextranase, immobilized HA-
dextranase, and encapsulated HA-dextranase showed 
increased relative dextranase values. At both temperatures, 
immobilized HA-dextranase showed no change in 
dextranase activity compared to 1 % dextranase (Figure 4). 
However, encapsulated, immobilized HA-dextranase showed 
significantly higher activity than 1% dextranase at 25 °C and 

Figure 3: Different sizes of immobilized HA-Dextranase and agarose 
encapsulated HA-Dextranase particles were observed in the microscopic 
images. The difference between immobilized HA-Dextranase and agarose 
encapsulated HA-Dextranase is shown. Agarose encapsulated HA-
Dextranase is larger with a visible coating layer. Microscopic images of naked 
immobilized HA-dextranase and agarose encapsulated HA-dextranase were 
taken. Scale bar = 200 μm. 

Figure 4: At both 25 °C and 50 °C, encapsulated HA-Dextranase showed 
the highest relative dextranase activity, indicating that agarose encapsulation 
provided temperature-sensitive protection. The blue bar represents 25 °C and 
the red bar represents 50 °C showings mean ± SD relative dextranase activity 
(n=4). Analysis of 1 % Dextranase, 5 % HA-Dextranse, and Encapsulated 
HA-dextranase stability in sodium acetate, 1% toothpaste, and 100% 
toothpaste at 25 °C and 50 °C. Two-way ANOVA and Tukey test, nsp > 0.01, 
***p < 0.001, ****p < 0.0001. 

DOI: 10.36838/v4i5.3

 ijhighschoolresearch.org



 14 DOI: 10.36838/v4i5.3

50 °C (Figure 4). This result demonstrates that encapsulating 
dextranase provides temperature-sensitive protection.

We measured 600 nm absorbance to quantify the biofilm 
formation to analyze the effect of different dextranase 
on biofilm formation from S. mutans in both sodium 1% 
toothpaste solutions. Between the no treatment and 1 % 
toothpaste treated S. mutans, the no toothpaste showed 
a higher biofilm absorbance, indicating that toothpaste 
is effective, to an extent, in biofilm removal. However, 1 % 
dextranase significantly decreased the absorbance compared 
to no toothpaste, showing the effectiveness of dextranase in 
removing biofilm. Furthermore, 5 % immobilized dextranase 
to an HA bead to form an HA-dextranase complex showed 
increased efficiency of biofilm removal with an absorbance 
reading of 0.06. Yet, encapsulated HA-dextranase showed the 
most effective biofilm removal showing the lowest absorbance 
reading at 0.04. 
�   Conclusion
We hypothesized that the stability of dextranase would 

increase with agarose encapsulation. This hypothesis was 
supported by comparing the dextranase activity determined by 
the DNSA assay with the increased stability of encapsulated 
HA-dextranase. Encapsulated HA-dextranase showed the 
highest relative dextranase activity in 100% toothpaste at 25 
°C and 50 °C, indicating that encapsulated dextranase was 
most stable in 100% toothpaste. However, we only tested the 
stability of dextranase only after seven days of incubation with 
100% toothpaste. Therefore, we should test the long-term 
storage of dextranase in toothpaste in the future. 

A previous study indicated that dextranase specificity in 
removing biofilm produced by bacteria is limited in toothpaste 
solution.⁶ Therefore, we hypothesized that the specificity 

of degrading biofilm produced by S. mutans would increase 
with encapsulated HA-dextranase. We quantified biofilm 
formation after the dextranase samples were treated in 1% 
toothpaste to test the specificity of three different dextranase. 
Figure 5 showed that encapsulated HA-dextranase had the 
most effective biofilm removal. However, we only tested one 
type of biofilm produced by S. mutans. Also, we only tested 
the effect of dextranase on biofilm removal in a 1% toothpaste 
condition. Therefore, further tests with various toothpaste 
concentrations are needed.  

There are some acknowledged limitations in this study. First, 
some minor errors occurred while scraping HA powder from 
the weighing boat into the 1.5 mL tubes. This error occurred 
due to some HA powder sticking to the plastic weighing 
boat. This may cause inaccurate final concentrations of HA. 
Secondly, we only performed in vitro experiments analyzing 
the stability and specificity of engineered dextranase. 
Therefore, in vivo experiments such as animal experiments 
should be performed to verify the effect of encapsulated HA-
dextranase on removing biofilm and dental cavities. Overall, 
this research can be applied in formulating toothpaste with 
dextranase to increase dental plaque biofilm removal efficiency.
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ABSTRACT:Glucocorticoids are widely used in modern medicine for the treatment of a variety of inflammatory diseases. 
However, the side effects of glucocorticoid treatment often include neuropsychiatric illnesses. This systematic literature review 
gives a brief introduction to glucocorticoids, their functions, and possible mechanisms of how they lead to psychiatric side effects. 
After a review of the literature, it can be concluded that patients, as well as physicians prescribing glucocorticoids, should be 
aware of the potential side effects of glucocorticoid therapy, the means of adverse effect prevention, and efficacious treatments of 
psychiatric adverse effects. The first line of treatment is dose reduction or stopping the drug. The corticosteroid-induced mania can 
typically be treated with antipsychotics or mood stabilizers like haloperidol, olanzapine, valproate, lamotrigine plus clonazepam. 
Corticosteroid-induced depression can be treated with lithium alone or lithium added to fluoxetine, venlafaxine, and low-dose 
fluvoxamine. Due to the lack of psychiatric assessment in large studies, generalization of data is difficult, and the risk factors and 
exact mechanisms behind these side effects remain unknown. Future studies should be directed towards gene mapping to help 
identify risk-promoting roles for certain genes, as well as genes involved in the possible signal transduction pathways to induce 
these neuropsychiatric side effects. 

 KEYWORDS: Behavioral and social sciences; Neuroscience; corticosteroid; psychosis; BDNF.

�   Introduction
Glucocorticoids (GCs) are immunosuppressive and an-

ti-inflammatory steroid hormones secreted by the cortex of 
the adrenal glands and regulated through the hypothalam-
ic-pituitary-adrenal axis (HPA Axis). The HPA Axis activity 
is increased upon physiological and emotional stress due to 
an increase in endogenous GCs.¹ When the HPA Axis is 
stimulated, corticotropin-releasing hormone (CRH) and ar-
ginine vasopressin (AVP) are released from the hypothalamic 
paraventricular nucleus (PVN).¹CRH and AVP then binds 
their receptor CRH-R1 and V1B in the anterior pituitary, in-
ducing the release of adrenocorticotropic hormone (ACTH) 
into the blood circulation. Subsequently, ACTH stimulates 
the adrenal gland via MC2-R (type 2 melanocortin receptor), 
to synthesize and secrete GC hormones into the blood-
stream.¹ Figure 1 shows the workings of the HPA Axis. The 
HPA axis is subject to negative feedback inhibition by GCs. 
The genomic feedback regulation is mediated through the 
binding of the GCs to the glucocorticoid receptors (GRs) at 
the level of the PVN and the pituitary gland.¹ This represses 
the CR, CRH-R1, and the proopiomelanocortin (POMC) 
gene, which is the precursor of ACTH. The POMC gene 
expression is repressed by the binding of the GR to negative 
glucocorticoid responsive elements (nGREs)² and prevents it 
from performing its transcription functions, thus preventing 
more GC production. Non-genomically, GCs regulate the 
HPA axis via the release of endocannabinoids from CRH 
neurons, suppressing the subsequent release of glutamate from 
presynaptic excitatory synapses³ or via GABA release at the 
inhibitory synapses of CRH neurons.⁴ Once secreted, GCs are 
bound to and transported by plasma proteins.¹ Due to their 
lipophilic nature, GCs diffuse through the cell membrane 

and exert their effects.¹ Their non-polar covalent structure 
enables them to cross the blood-brain barrier and carry out 
their functions. GCs have a high affinity for brain mineralo-
corticoid receptors (MRs) and a low affinity for GRs.⁵ GRs 
are expressed in virtually all organs and tissues, while MRs are 
located in both epithelial and nonepithelial tissues. GR func-
tions by regulating the expression of GC-responsive genes 
in a positive or negative manner.¹ GCs are instrumental in 
the normal functioning and homeostasis of the Central Ner-
vous System (CNS). GCs are used in the treatment of a wide 
variety of inflammatory conditions like allergies, back pain, 
dermatological, and ophthalmic conditions, gastrointestinal 
disorders, cancer, and lupus amongst others.⁶ They influence 
both pro-inflammatory and anti-inflammatory cytokine se-
cretion, thus exerting an important modulatory role on the 
immune system.⁷ The degree of cortisol responsiveness has an 
important effect on susceptibility and resistance to inflamma-
tory, autoimmune and infectious diseases.⁷
�   Discussion
Side effects of glucocorticoids:
Glucocorticoids, though used to suppress inflammation, 

are associated with numerous supraphysiological side effects 
including mood disorders, cognitive impairment, suicidal ide-
ation, and anxiety.⁸ GCs are secreted by the adrenal cortex. 
Excess endogenous glucocorticoid secretion or administration 
is known to cause Cushing’s syndrome, with symptoms of 
obesity, weakness, osteoporosis, salt and water retention, and 
hyperglycemia. 

Corticosteroid-induced reversible, anti-psychotic, cognitive 
deficits usually involve declarative and verbal memory, atten-
tion, and concentration.⁹ These mild cognitive symptoms are 
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experienced during short-term exposure to corticosteroids 
like dexamethasone and prednisone.⁸ However, in severe cas-
es, formal IQ may be substantially reduced and occupational 
performance and the ability to perform various tasks, skills, 
and activities may be diminished.⁹ Although disturbanc-
es of mood, cognition, sleep, and behavior as well as frank 
delirium or even steroid-induced psychosis are possible, the 
most common adverse psychiatric effects of short-term cor-
ticosteroid therapy are euphoria and hypomania, occurring in 
temporary spells. Conversely, long-term therapy tends to in-
duce depressive symptoms like manic behavior and psychosis. 
Some patients experience subtle mood disturbances, espe-
cially lability and irritability.¹⁰ In addition to these effects, 
a decrease in the duration of REM sleep, and loss of brain 
hippocampal volume are also observed.⁶ Treatment of these 
side effects includes adjusting the dosage or discontinuation 
of the corticosteroid treatment, prescribing antipsychotics, 
mood stabilizers such as lithium, and antidepressants.⁸ Edu-
cating the patients and their families on possible side effects 
helps in the management of these disorders.⁸

Impact on memory, cognition, and behavior:
Corticosteroid-induced cognitive deficits without psychotic 

symptoms include declarative or verbal memory, and effects 
on concentration, recall, and analysis (steroid dementia). This 
is due to dysfunction in neural circuits in the hippocampus 
and prefrontal cortex.¹¹,¹² Working memory is dependent on 
the prefrontal cortex and is involved in the tempo storage 
of information. This is necessary to carry out cognitive 
tasks like learning and reasoning.¹³,¹⁴ Declarative memory, 
involved in the recall of verbal information, is dependent on 
the hippocampus.¹⁵,¹⁶ Deficits in these functions could be the 
effect of prolonged GC exposure on GRs and MRs on the 
hippocampus due to the reduction of hippocampal volume¹⁶ 
or excess glutamate accumulation in that area.¹⁷ Declarative 
memory is also affected due to increased blood flow in the 
medial temporal lobe during GC therapy.¹⁸ Reversible deficits 
in declarative memory have been reported in Cushing’s disease 
and are greater in more severe cases.¹⁹,²⁰ This suggests that 
excess endogenous and exogenous corticosteroids produce 
similar cognitive impairment.  Reversible cognitive deficits 
and mood symptoms have been observed in healthy control 
subjects after administration of prednisone, dexamethasone, 
and cortisol.²¹-²⁴ In healthy subjects, acute GC administration 
is associated with changes in several brain areas, decreased 
activity in the left hippocampus, reduced hippocampal 
glucose metabolism, and reduced cerebral blood flow to the 
posterior medial temporal lobe.²⁵-²⁷ Also noted was atrophy 
of the right amygdala, which is an important regulator of 
mood and anxiety. This was correlated with the duration of 
prednisone treatment in a sample study.²⁸ Thus, excess GCs, 
endogenous or exogenous, have extreme ramifications on 
memory, cognition, and behavior. 

The following excerpts from case studies have been 
adapted from Kenna et.al ⁸ and Judd et.al ⁶ to illustrate some 
of the neuropsychiatric side-effects of GC treatment and the 
difficulties that may be encountered in treating these. 

1. Mrs. S, an 85-year-old widow, socially active woman 
with no prior psychiatric history, developed temporal arthritis 
with abrupt and permanent loss of vision in her right eye 
and blurred vision in her left. She developed significant 
depressive and psychotic symptoms that resulted in her 
hospitalization for apparent steroid-induced psychosis. The 
psychosis resolved several weeks later, and the patient was 
discharged but continued to become increasingly depressed. 
Her depressive symptoms were marked as anhedonia, apathy, 
and poor concentration, and she was disheveled in appearance 
with poor grooming and loss of function. Although her 
prednisone dose was lowered to 10 mg/day, she continued to 
decline. Four months later, after making suicidal statements 
and becoming assaultive toward her 24-hr caregiver, she was 
hospitalized again, this time for almost 2 months. She was 
severely depressed, hopeless, and nihilistic, with delusional 
guilt, visual hallucinations, poor insight, and self-neglect.

2. A married 50-year-old Caucasian woman began expe-
riencing depression, intense fatigue, malaise, weight gain, 
and swelling of her lower extremities. She sought medical 
treatment and was found to have a pedal enema, azotaemia, 
and proteinuria. A renal biopsy showed acute focal and seg-
mental glomerulosclerosis that was typical in its presentation. 
During the first prednisone cycle, the patient became, as she 
described it, “higher than a kite.” She recalls being unable to 
sleep, lacking impulse control, and being inappropriately hu-
morous. Her mind was flooded with unrelated thoughts, and 
her thinking became so disorganized that she was unable to 
drive. She had marked memory problems and required mul-
tiple reminders, including some pinned to her clothes, for 
various responsibilities and appointments. Her physician 
had explained that she might become “hyperactive” during 
prednisone treatment, but she was neither prepared for the 
magnitude and extent of the changes she experienced during 
the first cycle, nor for the depression that occurred during the 
first taper period and those in the other two treatment cycles.

The onset of psychiatric symptoms and their correlation with 
dosage:

Psychiatric side effects of corticosteroid treatment are 
known to have a rapid onset. A study reported a median time 
to onset of symptoms as early as 11.5 days.²⁹ Another study 
noted that 86% of patients developed psychiatric symptoms 
within a week of starting treatment.³⁰ Yet another study 
showed symptoms of corticosteroid treatment generally 
occurred within 2 weeks.³¹ The corticosteroids dexamethasone 
and beta-methasone have half-lives of 36-54 hours³² and can 
thus accumulate and induce psychiatric symptoms that begin 
after the last dose has been given.³³,³⁴ These studies show that 
the psychiatric effects of GCs are immediate. 

A study by the Boston Collaborative Drug Surveillance 
Program showed a dose-response correlation between 
corticosteroids. Chan et.al ³⁵ showed a similar correlation in 
which they observed psychosis in 8% of patients receiving 
prednisone 90mg per day compared to 35 of patients receiving 
30mg per day. Recent literature confirms the dose-response 
correlation of psychiatric symptoms.  Olsen et.al³⁶ found a 
significant correlation between mood lability and prednisone 
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dose in mg/kg six-week week taper from 40mg/d to zero in 
32 patients with alopecia areata. In almost all of the literature 
on corticosteroid-induced dementia, the corticosteroid dose 
has been at least 60mg/d of prednisone equivalent, suggesting 
60mg/d as a dose threshold in the induction of psychiatric 
symptoms.

Risk factors:
Researchers have found that women are more susceptible 

to developing depressive symptoms during initiation of 
oral glucocorticoid treatment, while men are more prone to 
developing delirium, mania, confusion, and disorientation.⁶ 
This could be due to the sex hormone status and the influence 
of estrogenic and progesterone on the hypothalamic-pituitary-
adrenal axis (HPA Axis).⁷ The risk of delirium, depression, 
mania, confusion, and disorientation also increases with 
age.⁶ Risk of suicide attempts, panic disorder, and depression 
increase with people with past histories of mental illness.⁶ 
The risk of recurrence of the disorder during glucocorticoid 
exposure increases with the experience of a psychiatric 
disorder during glucocorticoid therapy.⁶ Risk of psychiatric 
disorders in response to GC use is also dose-dependent. The 
presence or absence of previous psychiatric side effects does 
not predict responses to subsequent courses of corticosteroids 
i.e. a patient who has not shown any psychiatric side effects 
previously may still show side effects to a subsequent course 
of GCs. Corticosteroid-induced symptoms typically resolve 
with dosage reduction or discontinuation of corticosteroids.

Glucocorticoid availability at the molecular level:
Once GCs are released, there are factors responsible for 

the regulation of their availability to produce the required 
GC response. Some factors may modulate how GCs impact 
these adverse effects. These include corticosteroid-binding 
globulin (CBG), the multidrug resistance transporter (MDR), 
and 11β-hydroxysteroid dehydrogenase (11β -HSD), all 
regulated at the tissue and cell-specific level.⁷ The relative 
concentration of these factors can dictate the availability of 
active GCs carry out their functions. These factors are altered 
under conditions of immune activation, as well as stress and 
antidepressant treatment.⁷ 90% of circulating GCs are bound 
to CBG,³⁷ and thus the relative concentration of CBG is an 
important determinant of free GC. GCs exert their effects by 
diffusing across the cell membrane and binding to cytosolic 
receptors, however only unbound GCs are capable of 
diffusing across the membrane.⁷ Previous studies have shown 
that stress and hypercortisolemia are associated with lower 
CBG concentrations,³⁸ while patients who responded to 
antidepressant amitriptyline were reported to have increased 
CBG levels.³⁹ 

Modulation of MDR expression or function is also 
responsible for GC activity. The MDR, P-glycoprotein (Pgp), 
is an ATP-dependent multidrug efflux pump expressed 
in several tissues like the brain, liver, kidney, intestines, 
and adrenal glands.⁷ At the blood-brain barrier, the MDR 
transports cortisol and the synthetic GC, dexamethasone, 
but not corticosterone out of the endothelial cells lining the 
brain.⁴⁰,⁴¹ Patients with various autoimmune diseases such 
as rheumatoid arthritis (RA), Crohn’s disease, and lupus, 

exhibit high lymphocytic MDR expression and/or activity, 
which positively correlates with disease activity. Greater 
MDR expression in immune cells reduces GC availability, 
enhancing the synthesis and release of pro-inflammatory 
cytokines and increasing the inflammatory response.⁷ This 
increased MDR expression may be secondary to treatment 
with high-dose GCs.⁷ Altered MDR expression or function 
has been shown to contribute to depression.⁷ Studies have 
demonstrated different types of antidepressants, increase 
GC availability in cells by inhibiting MDR function, thereby 
possibly reducing GC resistance.⁴²,⁴³

11β -HSD regulates GC availability by acting as a shuttle 
in converting GCs between their active and inactive forms. 
GC metabolism is mediated by 11β -HSDs. The 11β 
-HSDs type1 isoform acts as a reductase, converting inactive 
GC (cortisone) to active GC (cortisol), thus elevating cortisol 
levels.  The type 2 isoform acts as an oxidase/dehydrogenase 
and inactivates GCs by converting cortisol into the inactive 
cortisone molecule.⁴⁴ Pro-inflammatory cytokines such as 
TNF- α and IL-1β have been shown to upregulate 11β 
-HSD 1 and downregulate 11β-HSD 2, thus favoring the 
formation of active GCs and controlling inflammation.⁴⁵ 
Enhanced expression of 11β-HSD2 or reduced expression of 
11β-HSD1 has been demonstrated in autoimmune patients 
and could be another possible mechanism underlying GC 
resistance in such diseases.⁷

Too much or too little influence of GCs on mood, 
memory, and neuronal integrity can exert negative effects. 
Central 11β-HSD1 expression is high in areas that influence 
cognition and GC negative feedback on the HPA axis, such 
as the cerebellum, hippocampus, prefrontal cortex, PVN of 
the hypothalamus, and pituitary gland.⁷

Glucocorticoid receptor action in modulating glucocorticoid 
effects:

The GR belongs to the nuclear receptor superfamily of 
transcription factors (TFs) and is a 97 kDa protein that 
is expressed throughout the body.¹ They regulate gene 
expression by either direct interaction with specific promoter 
sequences called glucocorticoid response elements, or through 
protein-protein interactions with other transcription factors, 
such as NF-kB, AP-1, STAT, and NFAT.⁴⁶ There have been 
several polymorphisms identified in the human GR gene 
which may be associated with hypo or hyper function of the 
receptor, contributing to differential individual sensitivity 
to the effects of GC treatment.⁷ Some polymorphisms are 
related to an increase or decrease in GC sensitivity and have 
been associated with altered susceptibility, to metabolic 
disorders, cardiovascular disease, autoimmune and infectious 
disease, neuroendocrine responses to stress, as well as 
altered cognition and effect.⁷ Recent genetic studies have 
shown certain polymorphisms like Bc/1 and ER22/23EK, 
are associated with increased susceptibility to developing 
major depression, and the ER22/23EK polymorphism is 
associated with a faster response to antidepressants.⁴⁷,⁴⁸ The 
polymorphism of the GR gene NR3C-1, in the promoter 
region, has been associated with increased susceptibility to 
depression.⁴⁹ 
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In the absence of intracellular bioactive GCs, the GR is a 
monomer in the cytoplasm where it resides in a multiprotein 
complex.¹ This chaperone complex is important for GR 
maturation, ligand binding, nuclear transport, and activation.¹ 
The composition of the chaperone complex changes during 
the different GR maturation/activation states.⁵⁰ Once inside 
the nucleus, the activated GR can go on to exert its function 
or it can be transported back to the cytoplasm, inhibiting 
the GR’s transcriptional activity.¹ Nuclear export of GR is 
regulated by exportins and calreticulin (CRT) which bind to 
the GR NES, thereby disrupting the GR-DNA binding.⁵¹,⁵² 
The balance between nuclear import and export determines 
the proportion of GR protein in the nucleus and has a direct 
influence on the strength of GR’s transcriptional activities.¹ 
In the nucleus, the GR acts as a TF that can activate 
(transactivation) or inhibit (trans-repression) genes as well as 
modulate the function of other TFs (tethering).¹ 

Sensitivity to GC action at the level of the GR can be 
determined by factors such as GR number, affinity, and 
function, including its ability to translocate to the nucleus and 
its interaction with other signal transduction pathways.⁵³,⁵⁴ 
In addition, sensitivity to GCs depends on the expression 
of particular GR isoforms.⁷ GRα mediates GC action, 
while GRβ and GR-P have been shown to mediate GRα 
activity and are unable to bind ligands.⁷Generally, GRβ is 
expressed at very low levels compared to GRα; however, its 
expression is increased in tissues in inflammatory diseases, 
and it seems to be associated with decreased sensitivity to 
GCs.⁵⁵ Increased GRβ expression may be related to impaired 
negative feedback mechanisms mediated by GRα activity and 
has been associated with the development and/or aggravation 
of symptoms in various glucocorticoid-resistant diseases, 
such as asthma, colitis/Crohn’s, and RA.⁵³ Moreover, changes 
in expression and stability of different GR isoforms can be 
triggered by inflammation⁵⁶ and have also been associated 
with mutations or polymorphisms in the receptor.⁵⁴,⁵⁷,⁵⁸

Possible mechanisms
Role of MRs and GRs in the brain-structure function analysis:
GCs penetrate the brain and bind to 2 types of receptors: 

GRs, expressed in cerebral neurons and glial cells, and MRs, 
which GCs have a higher affinity for, and are expressed in 
limbic brain areas like the hippocampus, which control the 
temperature of the body and the pituitary gland.⁴⁴ MRs have 
a higher affinity for endogenous corticosteroids and have 
been associated with cortisol-related circadian variations, 
while GRs have a higher affinity for dexamethasone.⁷

GRs have a lower affinity for endogenous corticosteroids, 
but they are activated when endogenous GC levels are 
high. Low cortisol levels occupy MRsd, but when GC 
concentrations are high, GRs are also activated since there 
are enough GCs to activate MRs and GRs.⁴⁴ GCs exert 
their effects by binding to cytosolic MRs and GRs and then 
translocate to the nucleus upon binding to their ligand.⁵⁹,⁶⁰  
The circadian cycle is a natural internal process that regulates 
an individual’s sleep-wake cycle. The activation of both GRs 
and MRs occurs during the active period of the circadian cycle 
and in Cushing’s syndrome.⁷ In hippocampal cells, only 11β 

-HSD type 1 is expressed, which converts inactive cortisone 
to active cortisol.⁷ Thus there is conversion to active cortisol 
in these areas and since the type 2 isoform is not expressed in 
the hippocampus and other limbic areas, there is only active 
cortisol circulating, leading to MR activation by GCs in these 
areas, and possibly explaining the changes seen in these areas 
during chronic exposure to GCs.⁷

GCs and neurons:
Chronic exposure to GCs inhibits regenerative sprouting of 

axons that follows differentiation of hippocampal neurons and 
reduction in the number of these neurons.⁴⁴ Brain-derived 
neurotrophic factor (BDNF) is involved in many functions 
such as neuronal growth, survival, synaptic plasticity, and 
memory formation and protects against stress-dependent 
impairment of spatial memory. Figure 2 (shown below) 
illustrates the cytokine-mediated repression of BDNF, and 
the subsequent repression of the genes involved in neuronal 
architecture. 

It is thus important for maintaining neural architecture in 
brain regions such as the hippocampus and prefrontal cortex.⁴⁴ 
Pro-inflammatory cytokines such as IL-6, IL-1, and TNF- 
α play a functional role in the CNS by increasing glutamate 
release and decreasing the expression of glutamate transporters 
on relevant glial elements, releasing in decreased glutamate 
uptake.⁶¹ Glutamate downregulates the expression of BDNF. 
⁶¹ The cytokine mechanism provides a possible explanation 
for stress-related changes. Under normal physiological 
conditions, these cytokines give support to neurons, helping 
in neurogenesis and contributing to normal cognitive 
function.⁶¹ However, stress-induced prolonged activation 
of these cytokine networks can also lead to abnormalities 
consistent with neuropsychiatric disorders. These include 
decreased neurogenesis, increased glutamatergic activation, 
oxidative stress, induction of apoptosis in astrocytes and 
oligodendrocytes, and cognitive function.⁶² The pathway to 
these effects, especially concerning behavior, requires cytokines 
and inflammatory mediators to increase glutamate release and 
to decrease the expression of glutamate transporters on relevant 
glial elements, resulting in decreasing glutamate reuptake.⁶¹ 
Neuroimaging techniques have provided insight into the 
correlation between neuroinflammation, glial dysfunction 
and glutamate synaptic dysfunction in depressed patients.⁶² 
Glutamate regulates synaptic transition and plasticity by 
activating glutamate receptors (AMPA, NMDA, mGluR1 to 
mGluR8).⁶³ Glutamate is cleared from the extracellular space 
by high-affinity excitatory amino acid transporters (EAATs) 
which are located on neighboring glial cells.⁶³  Glutamate is 
converted to glutamine by glutamine synthetase. Glutamine 
is then transported back into the glutamatergic neuron, where 
it is hydrolyzed into glutamate by glutaminase.⁶³ There are no 
degradative enzymes in the synapse and therefore uptake by 
EAATs is the primary mechanism through which the action 
of extracellular glutamate is terminated.⁶³ Acute stress and 
GCs induce extracellular glutamate levels, possibly due to 
decreased ability to clear extracellular glutamate as a result 
of impaired glial cell uptake and metabolism, combined with 
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stress-related changes in glutamate release,⁶³ thus raising extra-
synaptic glutamate levels. Pre-synoptically, this suppresses 
glutamate release and post-synaptically reduces synaptic 
connectivity by overstimulating the NMDA receptors.⁶⁴

Thus, GRs target glial cells by inducing glutamine synthetase 
activity, which converts active glutamate to inactive glutamine. 
This allows glutamate synthesis to reoccur in cultured 
astrocytes, inducing an increased release of glutamate⁶⁵-⁶⁷ that 
induces neuronal toxicity due to the accumulation effect.⁶⁸ 
Abnormally high concentrations of glutamine of the receiving 
nerve cell can lead to effects that can cause cell damage 
and/or death. Animal model data suggests that N-methyl-
D-aspartate (NMDA) receptor antagonists or glutamate 
release inhibitors (phenytoin) may block the corticosteroid 
effect on the hippocampus.⁶⁹ Decreased neurogenesis in 
the hippocampus of rats was also observed due to increased 
corticosterone levels induced by sleep deprivation.⁷⁰ MRS 
spectroscopy studies have shown characteristic reductions 
in glutamatergic and GABAergic neurotransmission in 
depressed patients.⁷¹ The astrocyte-released glutamate acts on 
the extra synaptic NMDA receptors to mediate excitotoxicity, 
and to decrease the production of trophic factors including 
BDNF,⁶¹ explaining why GRs downregulate BDNF 
expression, resulting in a consequent loss of spatial, verbal, 
and declarative memory in patients treated with exogenous 
GCs, and also contributing to the development of depression 
and anxiety.⁷² Since GCs stimulate apoptosis of hippocampal 
neurons, chronic hypercortisolemia also leads to atrophy and 
cell death.⁷³ Cytokines, TNF-α, and IL-1 also cause astrocytes 
and microglia to release reactive oxygen and nitrogen 
species, causing an amplification of oxidative stress.⁶¹ Thus 
astrocyte and microglial release of cytokines contribute to 
the amplification of inflammatory pathways within the brain. 
This leads the to loss of glial elements, oligodendrocytes, and 
astrocytes involved in multiple mood-relevant brain regions, 
including the prefrontal cortex, which is associated with 
the control of working memory, and the amygdala, which is 
associated with the body’s response to stress and fear and plays 
a pivotal role in memory. These have emerged as fundamental 
morphologic abnormalities in patients with depression.⁶¹  

In patients with Cushing’s syndrome, lower brain weight, 
loss of brain volume, and ventricular enlargement were 
observed.⁷⁴-⁷⁸ Hippocampal volume was also reduced in a 
large proportion of patients.⁷⁹-⁸¹

HPA Axis dysfunction:
GC’s are involved in glucose metabolism, inflammation, 

and immunity.⁵ GCs have important effects on arousal, 
memory, and cognition as well as fetal development and aging⁶ 
The stress-responsive PA Axis regulates GC production, 
and its dysfunction is implicated in the pathophysiology 
of anxiety, depression, and psychotic disorders related to 
chronic exposure to GCs.⁷ Hypothalamic secretion of the 
corticotropin-releasing factor (CRF) stimulates the release 
of corticotropin (ACTH) from the anterior pituitary and the 
subsequent release of cortisol from the adrenal glands. The 
rapid effects and feedback to the hypothalamus which follow 
are mediated by the MRs and GRs.⁶ Synthetic GCs used 

in treatment preferentially activate pituitary GRS, causing 
suppression of ACTH and preventing endogenous cortisol 
release.⁶ Hence synthetic GCs activate GRs in the brain 
while depleting cortisol from MRs.⁸² Prolonged application 
of high doses of corticosteroids can thus lead to HPA axis 
dysregulation. Major depressive disorder is associated with 
dysregulation of the HPA axis.  HPA axis dysfunction, 
reported in patients with depression, is believed to be partly 
related to impaired feedback inhibition by endogenous GCs 
due to GC resistance⁸³ or due to hypersecretion of CRH.⁸⁴,⁸⁵ 
This is due to a lack of inhibition of ACTH responses to 
CRH following dexamethasone pre-treatment, which 
points to an impaired feedback inhibition at the level of the 
pituitary.⁷ Central 11-beta-HSD-1 expression is high in 
areas that influence cognition, thus possibly affecting the GC 
induced negative feedback mechanism of the HPA axis in 
areas such as the prefrontal cortex, cerebellum, hippocampus, 
PVN of the hypothalamus, and pituitary gland.⁷ 11-beta-
HSD levels have been shown to be associated with depression 
in certain studies, but the results are inconclusive.⁸⁶ Thus both 
exogenous use of high dose steroids and endogenous excess 
of these hormones are associated with mood disorders and 
depressive symptomatology, the mechanisms of which are 
unknown. Resolution of impaired HPA Axis function, due to 
administration of exogenous GCs, could cause a reduction of 
these disorders.

The information about infection or injury is conveyed 
to the brain, which sets off various mechanisms directed 
toward the restoration of health and homeostasis. Cytokines 
are chemical messengers derived from immune cells, which 
act as immunomodulators and neuromodulators, and 
mediate many of these functions. They can be classified into 
pro-inflammatory and anti-inflammatory cytokines.  Pro-
inflammatory cytokines like interleukin-1 (IL-1), interleukin 
6 (IL-6), and tumor necrosis factor (TNF), augment the 
immune response to help remove pathogens and dispel the 
inflammatory challenge.  Anti-inflammatory cytokines like 
interlukin-4-10 (IL4-10) and interleukin-13 (IL-13), dampen 
the immune response.  The physiological and psychological 
effects of immune activation during infection, which are 
primarily mediated by the central effects of peripherally 
released pro-inflammatory cytokines, are collectively referred 
to as sickness behavior. The behavioral responses observed 
during infection are observed in patients after receiving their 
systematic administration of cytokines.  Immunotherapy with 
IFN-α, a pro-inflammatory cytokine, has been associated 
with symptoms of cognitive impairment, fatigue, behavioral 
despair, and depression. The symptoms of sickness behaviour 
almost immediately disappear after terminating cytokine 
administration, suggesting a causal role for cytokines in 
mediating this condition. Alteration in the pro-inflammatory 
cytokine milieu can lead to behavioral changes, which are 
similar to those found in patients with depressive symptoms 
including altered sleep patterns, anhedonia, decreased activity, 
and cognitive dysfunction.  The change of pro-inflammatory 
mediators is seen as a trigger of depression. There is a 
bidirectional relationship between the immune system and 
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the HPA axis in which cytokines stimulate the HPA axis, 
releasing 

GCs which provide negative feedback control of the immune 
system, thus keeping a check on the inflammation.⁸⁷-⁸⁹ GCs 
prevent the production of pro-inflammatory TH1 cytokines 
and increase the production of anti-inflammatory TH2 
cytokines.⁹⁰ IL-6 is the primary relevant pro-inflammatory 
cytokine.  Cytokines can stimulate the HPA Axis by acting 
on the brain, the pituitary, or the adrenal gland.⁷ Studies 
have shown that pro-inflammatory cytokines can induce 
GC resistance by reducing GC function.⁹¹ Reduction of 
GR function and affinity induced by cytokines has been 
found in patients with inflammatory diseases, especially 
those exhibiting resistance to GC treatment.⁹¹ Reduced GR 
function contributes to enhanced pro-inflammatory cytokine 
production, associated with the development of depression.⁷ 
There is an inverse correlation between the serum level of IL-6 
and the precursor of serotonin, which is the key hormone that 
stabilizes our mood, feelings of happiness, and well-being.⁹² 
Serotonin enables brain cells and other cells in the nervous 
system to communicate with each other and it helps with 
sleeping, eating, and digestion. IL-6 in depressive patients is 
higher.⁹³ Most studies on ‘the cytokine theory of depression’ 
are focused on increased levels of pro-inflammatory cytokines. 
The role of anti-inflammatory cytokines has been recently 
analyzed and a decreased IL-10 level in depressive patients 
has been observed⁹⁴ while confounding factors for cytokine, 
including certain chronic physical illnesses and medication. 
Hence, the elevated ratio of IL-6/IL-10 may be a contributing 
factor to depression.⁶¹, ⁹⁵ 

Four antidepressant drugs, imipramine, venlafaxine, 1-5 
hydroxytryptophan, and fluoxetine, have been found to increase 
the production of IL-10 (anti-inflammatory mediator).⁶¹ 
Fluoxetine has been observed to lower the serum level of 
IFN-y (pro-inflammatory), whereas all four anti-depressants 
decreased the IFN-y/IL-10 ratio significantly.⁶¹ The tricyclic 
anti-depressants (TCAs), selective serotonin reuptake 
inhibitors (SSRIs), and serotonin-norepinephrine reuptake 
inhibitors (SNRIs), as well as the immediate precursor of 
serotonin, have a common, negative, immunoregulatory 
effect by suppressing the IFN-y/IL-10 production ratio.96 
Antidepressants promote the production of IL-10, which 
in turn reduces the ratio of pro and anti-inflammatory 
mediators.⁹⁷ IL-10 was observed to alter the balance of TH1/
TH2.⁹⁸

Current treatments:
Psychiatric disturbances resulting from corticosteroid 

therapy commonly resolve slowly after discontinuation of 
the drug or reduction of the dosage.⁹⁹ Initial treatment of 
corticosteroid-induced psychiatric disturbances should follow 
this protocol.⁹⁹ For patients receiving high-dose and long-
term treatment, a taper is advised to prevent both physiologic 
and psychiatric corticosteroid withdrawal phenomena.¹⁰⁰ An 
inappropriate taper can result in 3 types of difficulties: (1) 
suppression of the hypothalamic-pituitary-adrenal axis (HPA) 
with the potential for secondary adrenal insufficiency, (2) 
recurrence of the disease for which the therapy was initiated, 

and (3) a corticosteroid withdrawal syndrome characterized 
by symptoms of adrenal insufficiency but with normal HPA 
function.¹⁰¹ Appropriate tapering is critical and should be 
based on total dosage, therapy duration, and corticosteroid 
type. For patients who cannot tolerate corticosteroid cessation 
or dose reduction due to the severity of the disease, or who 
suddenly develop psychosis, severe agitation, aggressive 
behavior, or other intolerable symptom complexes, palliative 
pharmacotherapy is indicated, even though no definitive 
treatment has been identified.⁹⁹ In certain patients, 
pharmacotherapy may prevent corticosteroid-induced 
psychiatric disturbances.⁶⁹ For example, anecdotal evidence 
suggests that lithium may be effective for the acute treatment 
of corticosteroid-induced psychiatric symptoms, including 
mania and depression.¹⁰²,¹⁰³ Lithium increases the amount of 
certain chemicals in the brain which stabilizes mood. Some 
other studies suggest that valproic acid, neuroleptics and 
atypical antipsychotics can be administered for treatment 
of these symptoms.¹⁰⁴-¹⁰⁸ Valproic acid increases GABA 
production in the brain. GABA blocks transmission across 
nerves in the brain and also has an anti-anxiolytic effect.

Case studies of treatments:
The following excerpts from case studies have been adapted 

from Kenna et.al⁹ and Judd et.al⁶ in order to illustrate some 
of the neuropsychiatric side-effects of GC treatment and the 
difficulties that may be encountered in treating these. 

1. Mrs. S began oral prednisone. 60 mg/day. While tapering 
down to 40 mg/day 1 month later, she developed significant 
depressive and psychotic symptoms that resulted in her 
hospitalization for apparent steroid-induced psychosis. The 
psychosis resolved several weeks later and the patient was 
discharged, but continued to become increasingly depressed. 
Although her prednisone dose was lowered to 10 mg/day, 
she continued to decline. Four months later, after making 
suicidal statements and becoming assaultive toward her 24-h 
caregiver, she was hospitalized again, this time for almost 2 
months. In hopes of saving the remaining vision in her left eye, 
methotrexate was added to her prednisone 10 mg/day. She was 
stabilized and discharged on olanzapine 7.5 mg alternating 
with 10 mg q.h.s., bupropion XL 300 mg/ day, duloxetine 
90 mg/day, benztropine 0.5 mg q.h.s., and, lorazepam 0.5 
mg bid p.r.n. Two weeks later upon follow up, Mrs. S was 
neatly groomed and cheerful. She denied depressed mood, 
anhedonia, and suicidality. In the following months, her 
mood remained stable and she resumed social activities while 
continuing her hospital discharge medications. Olanzapine 
and duloxetine were gradually decreased, while bupropion, 
benztropine and lorazepam were discontinued after 4 months.

In the case of Mrs. S, the corticosteroids could not be 
discontinued and therefore the use of psychotropic treatment 
was required which ultimately resulted in a good prognosis. 

2. The patient was started on a cycle of prednisone, 
beginning with 70 mg/day and tapering by 5 mg per week 
until the dosage was 10 mg/day because of the renal biopsy. 
At 10 mg/day, the proteinuria returned, and the nephrologist 
decided to initiate another cycle of prednisone, with the 
same starting dosage and tapering schedule. Once again the 
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proteinuria returned when the dosage reached 10 mg/day, 
and the patient underwent a third cycle of prednisone, with 
the same result. During this time, the patient was intensely 
anxious, and her nephrologist prescribed alprazolam in 
escalating doses up to 4 mg per day, which suppressed 
her anxiety. After the third course of prednisone failed to 
ameliorate the glomerulosclerosis, the patient was started on 
100 mg/day of cyclophosphamide, to continue until her urine 
was free of protein. She was treated with cyclophosphamide 
for approximately 4 months, at which time she was free of 
proteinuria and was asymptomatic. She was discharged 
from treatment and has remained asymptomatic, with 
continued monitoring every 3 to 6 months. Three days after 
starting the first prednisone cycle, the patient became, as 
she described it, “higher than a kite.” When her depression 
became severe, she sought treatment on her own from a 
psychiatrist, who prescribed bupropion, which successfully 
treated the depression. Throughout the three treatment 
cycles, the patient’s thinking remained disorganized, with 
memory difficulties and memory loss. These symptoms 
persisted for approximately 12 months, diminishing over time 
to the point that she was able to return to work and begin 
driving again. The patient continues to report experiencing 
memory problems, some loss of cognitive clarity, and a greater 
vulnerability to overreacting to stress.

This particular case study demonstrated, once again, the 
need for an antidepressant, in this case an SSRI, to treat 
the prednisone-induced depression. The patient showed 
deficits in cognition and memory after the first prednisone 
cycle itself. These symptoms however, diminished over time 
after discontinuation of the GCs, illustrating the possible 
reversibility of neuropsychiatric side-effects in some cases.

Future directions:
The literature on the treatment is limited to numerous case 

reports and a few small trials.⁹ These provide clinical guidance, 
but require further studies.⁹ The education of patients and 
their families about the risks of side-effects of GC therapy 
is imperative, especially since these adverse effects have a 
rapid onset.⁹ The most common first-line treatment for GC 
induced neuropsychiatric symptoms is dosage reduction or 
discontinuation. Taper schedules, especially after long term 
GC treatment should be followed and patients need close 
monitoring for new or increased symptoms.  When severe 
problems with mood, memory, cognition, or behaviour occur 
during GC treatment or withdrawal, a psychiatrist should be 
consulted.  There are several recommendations for medication 
based on preliminary evidence from case studies and clinical 
trials. GC induced mania or mixed manic symptoms seem to 
respond to lithium carbonate,⁹ olanzapine,³² or phenytoin.¹⁰⁹ 
Sodium valproate appears to reverse manic-like symptoms 
rapidly while allowing GC treatment to continue.¹¹⁰  
Depressive symptoms improve with the use of selected SSRIs 
such as sertraline, fluoxetine, venlafaxine, and low-dosage 
fluvoxamine, as well as with lithium alone,⁹ but not with 
tricyclic anti-depressants.

Speculation regarding mechanisms by which these drugs work 
include regulation of corticosteroid effects on dopaminergic 
and cholinergic systems¹¹¹,¹¹² and modulating the decrease 

in serotonin release.¹¹³ This is because corticosteroids, which 
regulate the activity of the raphe-hippocampal serotoninergic 
pathway, may affect the serotoninergic system and increase 
the risk for anxiety and depression.⁵ A detailed, in-depth 
analysis of this particular pathway may prove beneficial 
in the future treatments of mental disorders. If the patient 
has underlined bipolarity, mood stimulators should be used 
instead of antidepressants to prevent switch into manic 
or mixed dysphoric states. GC induced psychosis can be 
prevented with atypical antipsychotics alone with lithium,⁹ 
while GC induced delirium responds to haloperidol or atypical 
antipsychotics. Haloperidol can directly regulate the HPA 
axis and immune system through a pharmacological action 
via D2 receptor antagonism.¹¹⁴ Memory problems induced 
by GCs in patients have been reduced by administration of 
lamotrigine¹¹⁵,¹¹⁶ and by the NMDA receptor antagonist, 
memantine.¹¹⁷ The beta-blocker propranolol has been found 
to block GC induced memory deficits in healthy subjects.¹¹⁸

Monitoring is an extremely high priority and prophylactic 
treatment should be considered for patients with recent 
history of mood or cognitive disorder. Prophylactic treatment 
should also be given to patients with autoimmune medical 
conditions like multiple sclerosis¹¹⁹ and patients with other 
neurological disorders¹²⁰ that are characterized by mood or 
cognitive disturbances. These conditions may increases the 
risk of new onsets or exacerbations of such problems during 
GC withdrawal or treatment. 

Since individual susceptibility to the serious mood and 
depressive effects of GC therapy could be due to individual 
variations at all levels of GC regulation, these avenues need 
to be further explored.⁷ These include CRH signalling, GC 
hormone levels, factors regulating GC availability and the 
GR. GR polymorphisms conferring hypo or hyper sensitivity 
of the GR are equally important.⁷ Moreover, the presence 
of immune activation, with excess TH1 cytokines could also 
contribute to HPA dysfunction and behavioural changes.⁷ A 
closer look at these possible factors in patients requiring high 
dose GC administration, could reduce the risk of side-effects 
by effective management of these factors.  
�   Conclusion
Corticosteroids are used in the treatment of many illnesses, 

but their psychiatric side-effects are of common concern to 
all physicians.  Therefore, educating patients about these 
side-effects is essential. Each patient has a different level of 
susceptibility to neuropsychiatric effects of GC therapy, which 
can vary over time.⁶ The risk factors include age, gender, 
genetic, and background factors at all levels of GC regulation, 
and the risk may be elevated based on an individual’s past 
psychiatric history.⁶ However, it is not possible to predict which 
patients will experience these adverse effects and therefore all 
patients should be considered at risk and monitored closely.⁶ 
Very little data is available on the incidence and prevalence 
of these side-effects, and few studies have been performed.⁶ 
The available data suggests that the psychiatric symptoms 
during GC therapy are dose-dependent with an early onset, 
and include mania, depression and psychosis.⁶ Further studies 
on the mood and cognitive effects of GC therapy are needed. 
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ABSTRACT: While the plastics pollution crisis has remained on the wider global radar, a more recent and seemingly more 
pervasive type of pollution, known as microplastic pollution, has gained attention by environmentalists. However, there are 
large gaps in the research of microplastic pollution, especially in freshwater ecosystems. This study seeks to address this gap 
by investigating the prevalence of microplastics in the Catawba River Basin of North Carolina. The Catawba River Basin is an 
ideal study location due to its use for recreation, energy, and drinking water for the nearby metropolis of Charlotte, NC. Eighty 
water samples were collected from five different sites. These sites were characterized by recreated versus non-recreated areas and 
upstream versus downstream locations. Each sample was vacuum filtered through micron filter paper and then analyzed under a 
compound microscope for microplastics. Notably, the presence of microplastics in every water sample collected was found. The 
results showed a 45% increase in prevalence of microplastics in recreated areas compared with less recreated areas, and 25% increase 
in microplastics downstream of Wastewater Treatment Plants compared with upstream locations. More research is necessary to 
identify and understand the possible human health and ecological implications of microplastics in the North Carolina area.

 KEYWORDS: Earth and Environmental Science; Water Sciences; Environmental Health; North Carolina Freshwater 
System; Microplastics.

� Introduction
Microplastic contamination is recognized as a harmful 

global environmental problem.¹ Discovered in both aquatic 
and terrestrial environments, microplastics have been identi-
fied as synthetic polymer materials less than five millimeter 
and greater than one micrometer.² Though the highly ubiq-
uitous extent of microplastic pollution can be narrowed down 
to two major sources categorized as primary versus second-
ary.³ Primary sources are those directly manufactured into 
micro particle sizes, including: fertilizer capsules; fibers that 
shed from polyester, nylon and vinyl fabrics; unfiltered sewage 
and sludge from wastewater treatment plants; and industrial 
abrasives.⁴-⁷ Secondary sources are considered macro parti-
cles from everyday plastic items like containers, beverages, 
packaging, etc., that break down in the environments due to 
photochemical processes, weathering, erosion, and ultra-violet 
(UV) radiation.⁸ Through the combination of intentional and 
unintentional waste, these secondary sources are entering the 
environment on a daily basis, accounting for approximately 
69-81% of the microplastic pollution found in the oceans. 

Though the implications of microplastics are actively being
researched, it is known that microplastics contain chemicals 
that are toxic and that these alter the development and be-
havior of organisms.⁹-¹¹ These microplastics can also embed 
themselves into the chemical and physiological makeup of 
these organisms and consequently become part of the food 
chain.¹²,¹³ Thus, there is great concern surrounding the hu-
man consumption of microplastics especially as it has been 
estimated that humans consume a credit card’s worth of 
plastic every week.¹⁴ Studies have shown that microplastics 
exposure, particularly via consumption, in humans may be 
linked to cancer and liver disease.¹⁵-¹⁷,¹¹ 

Even with the advanced treatments and filtration systems, 
freshwater sources can still be contaminated by microplastics. 
Further research indicates that the most advanced wastewater 
treatment plants, including activated carbon filtration, reverse 
osmosis, and membrane technology, can only filter out up to 
60% of microfiber particles, and that from a single wash of 
synthetic clothing material, over 700,000 fibers can shed from 
garments.¹⁸ Evidence reveals that freshwater organisms, spe-
cifically the amphipod species Gammarus duebeni, have the 
ability to ingest microfibers into their digestive tracts in less 
than four days.¹⁹

Biofouling has been seen to increase the risk of ingestion of 
these plastic particles by marine animals through mistaking 
them for food using visual and olfactory senses.²⁰ Additional-
ly, biofouling increases the density of these particles and leads 
them to sink to the bottom of the ocean where they may re-
main for years on the deep, cold and less corrosive seafloor, 
and possibly ingested by benthic organisms.²¹

While much of the microplastic literature has focused on 
marine environments, there is a growing call to increase re-
search on microplastics in freshwater systems as these are 
thought to be then entry points of plastic pollution.²²,²³ In 
response to these calls, this study investigates the prevalence 
of microplastics in a North Carolina freshwater system.
� Methods
Study Site :
This study was focused within the Catawba River Basin, 

located in North Carolina, United States (Figure 1). This river 
basin is 3,285 square miles and contains water bodies such as 
Lake James, Lake Hickory, Lake Norman, Mountain Island 
Lake, and Lake Wylie. Lake Norman is at the northern-most 
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section of the Catawba River and feeds into the river, even-
tually draining into Mountain Island Lake to the south and 
eventually Lake Wylie. In particular, Lake Norman is the 
largest man-made body of water in North Carolina. Today 
Lake Norman acts as a recreation area, residential area, ener-
gy source, and water source for the nearby city of Charlotte.  
Aside from Charlotte, the Catawba River and Lake Norman 
provide the primary sources of drinking water to counties 
across North Carolina and some portions of South Carolina 
including, Lincoln County, Catawba County, Iredell County, 
Gaston County, and Mecklenburg County (where Char-
lotte is located). As of 2022, the population of Charlotte has 
increased by 26.51% since the most recent census and has ob-
tained the status as the 14th largest city in the United States, 
as well as the second largest in the Southeastern region.²⁴ 
With the reputation as an industrial and highly evolving me-
tropolis, through simultaneous population growth Charlotte 
is also a central worldwide hub for financial, technological 
and health care industries, thus stimulating an influx of labor-
ers and white-collar workers from around the country. 

Consequently, expanding population, pervasive urban-
sprawl, and industrial development all serve to compromise 
and exasperate the environmental issues prevalent within and 
around the city. Concerns over air pollution levels, an increase 
in the frequency of urban heat islands, and sporadic weather 
patterns due to global warming contributing to stormwater 
runoff, extreme temperatures, and sedimentation have 
forced Charlotte city officials and citizens to grapple with 
the necessity of a healthy environment and the newfound 
pressures of a continuously growing population. Given these 
overarching factors, alongside input of thousands of tons of 
plastics into the environment from the necessary COVID-19 
safety measures (masks, gloves, disinfectants, etc.), Charlotte’s 
plastic and solid waste pollution is at the forefront of 
environmental stressors. Unlike the eight states across the US 
who have placed bans on single-use plastic bags or the six 
states who have a moratorium on Styrofoam materials, aside 
from general recycling measures and a transition towards 
replacing yard waste plastic bags with paper alternatives, 
there are not enough county-wide or state-wide measures 
to combat the threat of plastics pollution and subsequently 
microplastic pollution in Charlotte’s freshwater systems. 
While wastewater treatment facilities for the Catawba River 
and Lake Norman are adequate to prevent chemical outbreaks 
and macroplastics, the growing population of North Carolina 
counties are proving to be a difficult task for our systems to 
handle. In addition, several wastewater treatment facilities, 
like the ones in Gaston County and surrounding Lake 
Norman, have already reached maximum capacity.²⁵ Even 
with the transition towards advanced membrane filtration 
methods, studies have proven that these systems may allow 
for the passage of micro and nano-particle plastics to enter 
into drinking water.²⁶

With Charlotte being a sprawling metropolis, industrial 
power hub, and a sound attraction for financiers and industry 
workers, it is clear that the environmental risks associated 

with these conditions are intensifying the concerns related to 
increased pollution and environmental degradation.

Sample Collection :
All samples were collected between June and November 

of 2021. The sampling sites were chosen based on their 
proximity to known physical and social characteristics that 
may influence microplastic contamination. For example, 
studies have shown that microplastic abundance is more 
prevalent around wastewater treatment plants and areas with 
high anthropogenic impact.²⁷,²8 Similarly, sampling sites 
upstream and downstream of the Mount Holly Wastewater 
Treatment plant and in highly recreated and low recreated 
areas were chosen (Table 1). To distinguish recreated versus 
non-recreated areas, categories were based on proximity to 
commercial and public activities, including fishing, boating, 
recreational parks and industries like restaurants or factories 
for recreational areas, and private residential housing or 
remote locations without public access for non-recreated 
areas. An in-depth summary of sampling sites, surrounding 
characteristics and the number of samples taken from each 
site can be viewed in Table 1 below. 

At each sampling site, surface water was collected in 1 liter 
glass mason jars with latex gloves. Each jar was filled to the 
halfway mark of the jar. The lid was sealed while submerged 
in the water to avoid contamination from the outside air. The 
water samples were all taken in 3-4 feet of water approximately 
1.5 feet below the surface. This methodology follows that of 
grab sampling for microplastics used by 

Figure 1: North Carolina Freshwater System Geographic Overview.

Table 1: Sample sites and characteristics.
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Barrows.²⁹ Additionally, non-synthetic clothing was worn 
by the sample collector. Geographic coordinates were taken 
for each sample and the jar was immediately logged for data 
organization and management purposes. 

Water Sample Analysis:
Each water sample was then evaluated for the presence and 

abundance of microplastics. After sterilizing all equipment 
with distilled water, the water sample was vacuumed and 
filtered through a 90 mm Buchner funnel using 11-micron 
filter paper. This aligned with the laboratory procedure used 
by Barrows.²⁹ Microplastics were identified based on their 
characteristics of durability under hot metal needle point 
pressure, and the relative unnatural coloration outlined in the 
Barrows method. To differentiate microfibers from fragments 
or Styrofoam the characteristics of slenderness, length 
(average microfibers are 1mm), and coloration were used. 
The majority of the fragments were transparent or yellowish 
in color, which was a clear divergence from the royal blue to 
red coloration of the fibers. Each filter paper contained eight, 
randomly placed, uniformly sized circles (113 mm2) that were 
drawn by hand before conducting the filtration process. The 
filter paper was then placed in a glass petri dish and evaluated 
under a compound microscope. Microplastic identification 
and classification was conducted following characteristics 
outlined by Hidalgo-Ruz.³⁰ For each filter paper analyzed, 
the number of and type of microplastics were counted within 
the eight circles of the filter paper. Given that evaluating an 
entire filter paper would be time consuming, this allowed for 
a random subsample to be taken. The raw data found from 
these analyses can be seen in Appendix A and Appendix B. 
�   Results
It was found that the downstream area had significantly 

(Student’s T-test p=0.03) more microplastics than upstream 
(Figure 2). Additionally, it was found that highly recreated 
areas had significantly (Student’s T-test p=1.37E-06) more 
microplastic abundance than low recreation areas (Figure 3). 
The results of these T-tests can be seen in Appendix C and 
Appendix D.  

The most common type of microplastics we found were 
colored microfibers as shown in Figure 4. 

However, though rare, over 20 microplastic fragments were 
identified in the freshwater samples like the one seen below 
in Figure 5. 

In 100% of the samples taken which were identified the 
presence of microplastic pollution, with a high frequency in 
microfiber pollution. The average frequency and occurrence 
at each of the various sites with distinct characteristics can be 
seen below in Table 2. 

Figure 2: Microplastics prevalence in upstream versus downstream 
locations of the Catawba River Freshwater System.

Figure 3: Microplastics prevalence in recreated versus less recreated 
locations of Lake Norman Freshwater System.

Figure 4: Blue microfiber particle extracted from our Lake Norman 
Recreated sample site.

Figure 5: Blue microfiber particle extracted from our Lake Norman 
Recreated sample site.
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In relation to the recreated versus less recreated data 
samples, there was a 45% difference in pervasiveness of the 
microplastic particles, with a major upswing in the amount 
of microplastics in recreated areas, as seen in Figure 3. This 
aligned with the assumptions of this study, as when collecting 
samples visible pollution and secondary macroplastic particles 
were strewn throughout the environment from restaurants, 
bars, and retail stores in proximity. 

When assessing the differences in prevalence of microplastics 
between upstream and downstream, downstream samples 
demonstrated 25% more plastic particles than samples 
from upstream. This trend was predicted as the technology 
used during water and wastewater treatment processes in 
Mecklenburg County, though advanced, are not enough to 
prevent the flow of micro and nano plastic particles into the 
freshwater systems as effluent.
�   Discussion
In an effort to understand the pervasiveness of microplastic 

pollution in a local urban community, the results of this 
study compiled from freshwater sampling and analysis of 
this ubiquitous pollutant indicates that like many other 
areas, the community of Charlotte must take more decisive 
action to mitigate and reduce the consumption and waste 
of plastics pollution. Initially it was shocking that 100% of 
the samples identified contained some form of microplastic 
pollution, whether this be the more common microfibers or 
plastic fragments small enough to allow their absorption and 
ingestion in marine animals, these findings reinforced the 
need to comprehend the short- and long-term implications 
of these substances on the ecosystems and human health.³¹ 
It has been clear for decades that plastics are a staple in 
consumer culture, yet only now society is starting to really 
understand the ramifications of this consumption and is 
now witnessing plastics become part of the human diet too. 
In the central European lowland river of southwest Poland, 
a study conducted on freshwater fish and their ingestion 
and accumulation of microplastics particles revealed that of 
the 389 sampled gudgeons and freshwater roaches, 54.5% 
ingested microplastics with the majority of particles being 
identified as microfibers. Some of these microplastics were 
entangled in the gills and dug into the mucus of the fins.³² 
Though these freshwater animals may not be a common meal 
for most humans, the concern exists that other primary food 
sources like salmon, trout, or catfish, are most likely ingesting 
and accumulating these microplastics on a daily basis, thus 
demanding the question, what does this mean for humans? 
Furthermore, gudgeons and roaches are primary food sources 

for many freshwater and marine life including otters and 
kingfishers. While preliminary studies are still trying to 
comprehend the existence and effects of biomagnification of 
plastic particles up the food chain, it stands to reason that 
these otters, kingfishers and other marine life that intake 
plastic infested organisms may suffer negative consequences 
to their long-term health.

In analyzing high recreational versus less recreational areas, 
it was concluded that due to the frequency in activities such 
as commercial and public facilities, which contribute to the 
likelihood of direct and indirect litter or waste of plastics 
substances, the increase in plastics within recreated areas is 
an understandable finding. This mandates policy and action 
to mitigate future harm. Private areas also have greater access 
to advanced waste disposal and collection systems, and seem 
to have a more regular system of trash cleanup. The trends 
identified were specifically identified in the Lake Norman 
area, and further studies would need to be done to understand 
if these patterns align with rivers and streams as well. Similarly, 
there was a greater presence of biofouling of microplastics, 
especially fibers, in the Catawba River areas, with darker 
colored fibers observed having a higher amount of organic or 
inorganic material adhered to the outside. It is unclear if color 
or additives to plastics have any effect on whether a material 
has a greater likelihood of biofouling, but the implications of 
this are known. When observing samples that came from the 
middle of the water column, there seemed to be an increase 
in the amount of microplastics particles, since the density of 
freshwater is less than that of microplastics, due to the lesser 
salinity This therefore causing an increase along the bottom of 
lakes and rivers. Microplastic fragments identified seemed to 
be discolored, with a yellowish hue, and were irregular shapes. 
Zero evidence of Styrofoam particles were found, however, 
there were what seemed to be visible clear films. On cleanups 
along and near these areas, specifically in the upstream 
Catawba area, there was a significant presence of secondary 
Styrofoam macro particles. The general colors of the fibers 
identified were blue, red, black, and transparent. Although 
some were green, the validity of these were questioned as they 
may have been organic material such as algae.

With respect to the upstream versus downstream of 
wastewater treatment plants study sites, it was clear that 
although there was not as substantial a difference in the range 
of microplastics particles found between these locations, there 
is necessary concern over the contribution of wastewater 
treatment plants to the accumulation of plastic particles 
downstream and how this may affect freshwater organisms. 
The three major treatment facilities for Mecklenburg County 
include Lee S. Dukes, Vest, and Franklin. Although Charlotte 
Water Services has clarified in their 2020 Annual Drinking 
Water Quality Report that they have employed advanced 
treatment for wastewater treatment including aeration basins, 
secondary clarifiers, effluent filtration, and disinfection 
processes, studies have shown that these mitigation techniques 
still allow for up to 65 millions microplastic particles to 
be released into water daily, especially microfibers.³³,³⁴ 
Furthermore, analyzing this study’s 

Table 2: Sample sites and average number of microplastics. 
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results of the downstream samples, it is clear that when the 
wastewater after treatment is released into the surrounding 
water system of Lake Wylie, there was a significant increase in 
the prevalence of microplastics as these concentrated particles 
accumulated downstream. While there are few alternatives for 
more adequate and effective wastewater treatment solutions, 
it is necessary that Charlotte and surrounding counties fund 
and support research and development initiatives towards 
developing treatment facilities that may prevent and mitigate 
the dispersal of microplastic infested effluent into water 
systems. 

While out of the scope of this study, it is necessary to 
note the diversity of factors that contribute to microplastic 
pollution especially in relation to marine pollution. In 2014 
there was a worldwide call for the phasing out and banning of 
microbeads within cosmetic products as these substances, like 
microfibers, are understood to escape wastewater treatment 
and spread into freshwater and marine systems.³⁵ However, 
although many countries, including the US, have banned the 
incorporation of these products, the cosmetic industry is still 
under scrutiny for the widespread use of single use plastics 
in their packaging and products, and the dissemination of 
other microplastic particles within their home care products. 
Moreover, the cosmetic industry is not the only industrial 
sector that has some fault for microplastic pollution, but 
commercial industry and port facilities in general have 
been classified as major contributors to the prevalence of 
microplastic pollution near coasts and freshwater systems. In 
a study taken across Portuguese coasts, resin pellets (primary 
sources of microplastics) often used as industrial raw materials 
to be incorporated into goods or to create molds for products, 
made up 79% of the waste and plastic material collected.³⁶ 
The primary and secondary sources of microplastics around 
the world are boundless, cementing the idea that it may not be 
a simple feat in lessening the waste and consumption of these 
items. However, it is a necessary one for the future.

While this study identifies specific trends in the prevalence 
of microplastic pollution in recreated areas and in proximity 
to wastewater treatment facilities, future research is needed 
in understanding the prevalence of microplastics within 
freshwater organisms and drinking water as well. Though 
this study collected over 80 samples from various sites, it is 
necessary further research is conducted to support the trends 
identified and to have an accurate gauge of the magnitude 
of plastics pollution in the Catawba River Basin. This study 
did not get too involved in the intricacies of how and if 
microplastics act as vectors for harmful pollutants and possibly 
leach those chemicals into freshwater organisms, yet this is 
also a necessary step in comprehending the implications of 
ingesting plastics on human health. 
�   Conclusion
There is clear evidence of microplastics in freshwater systems 

of the Catawba River Basin. Although the precise implications 
and extent of the threat may not be fully understood, it is 
known from prior and current research that microplastics can 
pose ecological and human health implications over time. It 
is necessary to gain a greater understanding of this problem. 

This is especially true given that a major metropolis, the city 
of Charlotte, uses the Catawba River Basin for drinking 
water. Although measures have been put into place to try to 
prevent the expansion of this problem such as Charlotte’s 
initiative to phase out plastic bags for trash collection, there 
is still extensive contamination of the freshwater systems, as 
shown in this study. Policy recommendations for microplastic 
mitigation for the city of Charlotte are provided in Appendix 
E. Assessing the overall trends in recreated versus less recreated 
areas it is clear that humans have direct influence on the 
extent of microplastic pollution as there was approximately a 
50% increase in microplastics in recreated than less recreated 
areas of Lake Norman. Furthermore, the prevalence of 
microplastics in greater varieties and prevalence downstream 
than upstream of the Catawba suggests that the wastewater 
treatment systems may not be having an equal distribution 
of adequate filtration in these hotspot areas, and that certain 
communities may be more influenced by this problem than 
others. Continued research and increased understanding is 
necessary regarding the toxicology of plastics and chronic 
health effects that may ensue from ingestion or inhalation of 
microplastics as this distressing problem continues. 
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ditionally, as only 60% of these microscopic fibers, which are 
approximately less than 10 micrometers, can be filtered out 
through wastewater treatment plants, a significant amount of 
these fibers are released into rivers, streams, and lakes eventu-
ally flowing into our ocean. The textile industries situated in 
North Carolina pose a major threat to the health of our en-
vironment, not only in regards to the levels of CO2 emitted 
during the production process, but the use of synthetic ma-
terials such as nylon, polyester and rayon, in the production 
of textiles has vast implications on the microplastics matter. 
Trelleborg Engineered Coated Fabrics and Unifi, both located 
in North Carolina, are the two largest textile industries in the 
United States. Trelleborg, by their own reports, lists polyester, 
rayon and nylon as substantial materials which they incor-
porate into their products. However, Unifi states that their 
products are made from 100% recycled material and are in-
tent on lowering their plastic byproducts and waste. We should 
incentivize the production of consumer and industrial goods, 
such as textiles, which use and produce non-synthetic or recy-
cled material. There should be a cap on the amount of synthetic 
materials textile companies within and around Charlotte may 
use in their production, and they must start to transition to 
incorporating recycled and natural, biodegradable material in 
their products. If, as mentioned in Section 1, these producers 
help finance stewardship organizations to recycle and collect 
material, then there will be greater resources of recycled ma-
terial for these companies to obtain. It is necessary that there 
be repercussions for the amount of synthetic material used in 
the pre-production and production process as well as how it is 
wasted in post-consumer use. This can take the form of gov-
ernment-initiated fees or taxes on textile companies for the 
amount of synthetic material used.

3. Banning Polystyrene: 
Six states across the US have implemented local bans on 

polystyrene for the risks it poses towards the environment and 
human health. As mentioned in the description, polystyrene is 
persistent, lasting over 500 years in the environment, pervasive, 
and hazardous, especially if ingested by vulnerable populations 
like children and adolescents. Maine and California are two 
states which have led the ban on Styrofoam materials for con-
tainers, beverages, and packaging material, and have reaped the 
benefits of a Styrofoam free community. However, in North 
Carolina, specifically in Charlotte, which is the 15th largest 
city by population in the US, consumption and use of Styro-
foam material in everyday living is ingrained in our society. 
This needs to change. Almost every fast-food restaurant, diner 
and take out options have some form of non-recyclable Styro-
foam material within its contents. Antioxidants, UV stabilizers, 
lubricants, color pigments, nucleating agents, and flame retar-
dants, are all harmful additives included in the production of 
Styrofoam. It is necessary to have an all-out ban of Styrofoam 
materials in restaurant facilities, packaging materials, beverage 
containers, and retail stores in Charlotte, to inspire other cities 
around North Carolina to act along similar lines. Hopefully, 
Charlotte’s stance will encourage other cities to adopt more 
progressive environmental policies to lower the risk of endan-
gering our ecosystems and population.  

Appendix D: . Results of Student’s T-test for microplastics found in 
upstream and downstream locations. 

Policy Recommendations:
To confront the issue of microplastic pollution in Charlotte, 

here we outline seven specific methods we may implement in 
our county to lower the risks of microplastic pollution.

1. Extended Producer Responsibility (EPR): 
Extended Producer Responsibility policies have been adopt-

ed in a variety of ways nationally. States across the country have 
adopted these towards reducing our carbon footprint, making 
producers responsible for post-production hazardous wastes in 
wastewater treatment plants or nuclear energy facilities, and 
to minimize our plastic footprint. However, unlike states such 
as California, Maine and Maryland, North Carolina has been 
slow in adopting EPR policies. As the name suggests, policies 
like these are characterized by holding producers responsible 
for waste from pre-production materials, the manufacturing 
process, and post-consumer waste in the form of taxes, fees or 
government regulations. On July 13, 2021, Maine was the first 
state to implement an EPR policy towards paper and packag-
ing waste. Producers are responsible for financing “stewardship 
organizations” who collect and recycle products on the pro-
ducer’s behalf. In this way Maine has cemented their stance 
on working collectively with producers, consumers and NGOs 
to foster an environmentally conscious community and reduce 
their plastic waste. North Carolina, specifically Charlotte, 
should follow their suit, as they have the means and resources 
to hold producers in North Carolina responsible for the pro-
duction of plastic packaging, Styrofoam material in pre- and 
post- production, and paper cartons, boxes, or other resourc-
es. With the help of non-governmental organizations such as 
the Catawba Riverkeepers, the North Carolina Coastal Fed-
eration, and many others, producers across Charlotte should 
collaborate and help to finance these organizations in relation 
to waste collection and recycling. At this moment Charlotte 
and North Carolina as a whole has not implemented any EPR 
policies, but in order to reduce the risks of plastic pollution it 
is vital to mitigate plastic production at the source.

2. Taxes/Fees on Textile Companies: 
As mentioned above in the description of microplastics as 

a source of pollution, microfibers are ubiquitous and make up 
35% of the microplastic pollution in the world’s ocean. Ad-
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4. Phase Out Single Use Bags: 
This has been a controversial topic nationally, as states have 

had to make decisions on how they may phase out single use 
bags, which invade our environments and subsequently enter 
our ocean, and find alternatives that are less damaging. Char-
lotte has taken a step forward, with the initiative towards 
replacing plastic bags for yard waste with paper bags. However, 
paper bags use the same amount if not more fossil fuel expen-
ditures than plastic bags. They are often not as durable and 
unsupported by the local population and additives included 
during production are just as harmful. Yet, there are solutions 
to this problem, and we can look at New York’s policies towards 
banning plastic bags, as an example. Eight states so far have 
banned or phased out plastic bags, but North Carolina is not 
among this list. New York has banned the sale and dissemina-
tion of plastic bags in grocery and retail stores, in restaurants 
which collect their sales tax for “to-go” items, and for any carry 
home items that may have gone in a plastic bag previously. To 
supplement this ban, they have imposed a $0.10 fee on paper 
bags, and the New York City sanitation department supplies 
free reusable bags at their local events. Reusable and paper bags 
are accessible at most retail and grocery stores so that consumers 
have access to these options and are not left without means to 
carry their items. The exceptions to this ban include bags used 
to carry prescription drugs at pharmacies, laundry services and 
dry cleaners, packaging for raw meat, and newspaper wrapping. 
We believe Charlotte has the economic means and support 
from the local community to advance these policies and incor-
porate phasing out single-use plastic bags in our community. 
As New York has done, Charlotte should phase out the use of 
plastic bags for retail, grocery, take-out items from restaurants, 
and to-go bags, as well as adding fees on paper bag alterna-
tives in these stores. To take this a step further, the proceeds 
from the fees on paper bags should be administered to local 
environmental organizations who focus their initiatives on re-
ducing plastic pollution, preserving our natural ecosystems, and 
implementing recycling initiatives and collection services. We 
also believe that at local events such as river, stream and street 
cleanups, like the ones hosted by the Keep Charlotte Beautiful 
Movement and the City of Charlotte Stormwater Services de-
partment, should provide reusable bags to all those who come 
out and support the cleanups, as a way to foster both collection 
and environmentally conscious consumer decisions. This phase 
out transition should be completed by 2024. There should also 
be access to paper and reusable bags at retail and grocery stores, 
and the fee should amount to at least $0.10.

5. Circular Economy: 
In a city-wide released document, in 2018, Charlotte made 

a statement regarding transitioning to a circular economy. In 
this document, the reasons behind the benefits of a circular 
economy versus a linear, were outlined, highlighting the idea of 
a zero-waste producing community in which all items are re-
purposed, reused, and included into the market without losing 
its value. Transitioning to a circular economy also promotes job 
growth in the recycling and reusing processes, focuses on pre-
serving biodiversity and promotes equity within a community. 
Charlotte has clearly taken actions to forward this position, 

and has cemented their desire towards reducing environmental 
degradation, however, there are still areas for improvement and 
growth within this process. Transitioning our economy from 
linear to circular is not a new initiative, but for this to be effec-
tive, as it has been in the European Union, more effort must be 
put towards proactively reducing the harm and consumption 
of plastic material. For example, we should start thinking about 
expanding and advancing our recycling facilities, or advancing 
our waste collection systems and preventing plastics from en-
tering our aquatic ecosystems. In the Netherlands, scientists 
and engineers innovated a bubble barricade which prevents 
plastic materials from entering aquatic ecosystems and can 
then be easily accessed for waste collection. It is technology like 
this which demonstrates the possibilities of a circular system. 
As with the Innovation Barn in Charlotte, we should be incen-
tivizing and raising more community awareness of sustainable 
innovations, everyday practices, and how we can support local 
initiatives who foster the reduction of plastic waste and protec-
tion of our environment. This can be done through educational 
programs within schools, specifically lower levels such as el-
ementary, middle and high school education, and should be 
brought up during council forums to discuss ways in which we 
can further our sustainability goals and increase our knowledge 
of the harms of plastics pollution.

6. Funding Research: 
California is a leading state in confronting the microplas-

tics crisis. In their Senate Bill 1422: “California Safe Drinking 
Water Act: microplastics,” they proposed a series of investi-
gations on drinking water quality in relations to the presence 
of microplastic pollution and required under the federal ordi-
nance to regulate the contaminants in public and private water 
systems. This bill will implement the Safe Drinking Water Act 
more effectively, and by 2020 will have a concrete definition 
of microplastics. Although this act is ambitious, and may not 
fully come to fruition, it demonstrates California’s seriousness 
on the issue of microplastics and will take an active role in re-
ducing its implications. It is necessary that Charlotte acts in a 
similar manner. Speaking with several NGOs, including the 
Charlotte Catawba Riverkeeper, CMSWS, the Keep Charlotte 
Beautiful Movement, and a professor from UNC-Chapel Hill, 
it is clear that the trends and understanding of microplastics 
in North Carolina is not being researched thoroughly. With a 
pervasive issue such as this, it is necessary to have a firm com-
mitment towards understanding and identifying the sources 
and implications of this issue, as we cannot take proactive steps 
towards reducing the harm of microplastics if we do not share 
a consensus that there is a significant problem. It is necessary 
to fund research and have outreach programs that target all 
citizens around Charlotte to inform them of the current in-
formation and understanding of microplastics around the 
Charlotte area. This can be done multiple ways. Either by local 
NGO and NFP organizations who help fundraise for research 
activities by universities around us, or grants given from state 
funds to university scholars and local organizations with the 
intent on researching the prevalence and effects of microplastic 
pollution in the North Carolina region. We believe we should 
be taking an active stance towards understanding and identi
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fying this problem, especially in our drinking water and food 
sources, which have a direct impact on our health, instead of 
neglecting its significance. Researching microplastic pollution 
is a complex process, especially in regard to understanding how 
humans are influenced, as there are many other factors that 
contribute to health risks. This is why it is necessary to have in-
creased funding in universities and local organizations around 
North Carolina and Charlotte to finance advanced technology, 
a greater labor force, and gain credibility and support of other 
states and countries who are also researching microplastic pol-
lution.

7. Cap and Trade: 
Using the Cap-and-Trade model for carbon emissions as a 

guide, we believe implementing Cap and Trade market and 
government policies for plastic pollution can serve the same 
purpose and help with our goal towards zero waste. Acting as 
both an environmental and economic policy, cap and trade in-
centivizes companies and producers to stay below the carbon 
emission threshold when they are manufacturing, selling or 
transporting materials. As the government gives companies al-
lowances for the specific amount of carbon emissions they can 
release on an annual basis. The allowances are through auctions 
or given freely depending on whether the company has stayed 
under their carbon emissions limit. The companies are then 
able to trade their allowances with other companies on their 
own terms for those who may have gone over their allowances 
and need some assistance. This works well under a free market 
system. We believe the same principle can be used with plastics 
production and post-consumer waste. There must be a max-
imum number of plastics that companies cannot go over for 
pre- production, the process of producing, and post-consumer 
waste, each set on different terms. For post-consumer waste, 
the policy should be set so that if their products are not recy-
cled then they must use more of their allowances on the basis 
that this is entering our environment and causing harm. The 
limit should become stricter every year with the advancement 
of having a zero-waste community. The limits may be set dif-
ferently depending on the type of company or manufacturing 
facility. For instance, the limits on textile companies for pro-
duction of materials may be set lower than a plastic packaging 
company. We believe this can and should fit into the economic 
system of Charlotte, as this promotes free trade and environ-
mental welfare.  
Appendix E: Policy recommendations for the city of Charlotte regarding 
strategies to mitigate microplastics.
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ABSTRACT: Two types of mining waste from the Brazilian mining industry (Samarco), sand waste (RAS) and flotation 
mud (LFS), were used to manufacture mini bricks. The manufactured bricks were heated in a ceramic furnace at Colégio Dante 
Alighieri. The products obtained by using RAS became brittle after firing, so they were not used for further studies. The LFS mini 
bricks presented a consistent appearance and were used in subsequent tests. The selected samples were compared to commercially 
available blocks of the same size and tested for compressive strength and water absorption. The results showed that the waste 
brick samples presented water absorption values between 8% and 25%. All mini brick samples also showed compressive strength 
values greater than 1.0 MPA. Therefore, the LFS bricks followed the standard allowed by the Brazilian legislation for this type 
of material related to compressive strength and water absorption. The results indicate that these materials could be used in 
construction works without causing cracking or structural problems. The next step in this study is to perform the same tests, but 
with waste bricks that present similar standard dimensions as regular bricks. The use of waste in other processes can contribute to 
the reduction of environmental impacts caused by the mining industries in Brazil. This project also tackles the 8th, 9th, 11th, and 
12th sustaintable goals since, if done in large scales, it could provide clean water and sanitation, make cities more sustaintable, and 
preserve the life on land and below water.

 KEYWORDS: ECivil Engineering; Waste Management; Mining Industry; Recovery and Recycling.

�   Introduction
Recent disasters involving tailing dams reveal the enor-

mous risk that these structures can present. On November 
15 of 2015, a dam broke in a Brazilian state called Minas 
Gerais, generating several environmental impacts in the city 
of Mariana,¹,² causing the death of 19 people, burying more 
than 200 houses, nearly extinguishing 11 species of fish, and 
contaminating about 680 kilometers of rivers and streams, in-
cluding the Rio Doce (Figure 1).³ In addition, the so-called 
Quadrilátero Ferrífero (a region also located in the state of 
Minas Gerais that is known for having a large number of 
mines) has more than 700 waste dams. Moreover, in August 
2014, there was a dam disaster by the mining company Impe-
rial Metals Corp. at the Mount Polley mine, which dumped 5 
million cubic meters of tailings from copper and gold explo-
ration into the Hazeltine and Cariboo streams in the province 
of British Columbia in Canada.⁴ That accident caused nu-
merous environmental impacts and affected more than 300      
homes.⁵,⁶

In this context, besides the contamination of the environ-
ment, mining industries generate large volumes of materials. 
These materials are often accumulated in piles around the 
companies themselves, occupying important and necessary 
physical spaces that could have other purposes, or placed in 
landfills without generating any profit for the company. An 
alternative to this problem would be a recycling system, where 
this material may bring, in addition to environmental benefits, 
economic return.⁷

As mentioned before, mining waste is usually placed in 
dams, as this alternative is considered a low-cost method. 
A survey carried out by a Technological Research Institute 
(Instituto de Pesquisas Tecnológicas - IPT), located in São 

Paulo, Brazil, that complements the data generated by the In-
stitute of Applied Economic Research (Ipea), indicates that 
around 4.86 billion tons of tailings were accumulated between 
2009 and 2014 in Brazil, taking into account only 15 minerals 
out of a total of 70 that the country produces.⁸

Currently, iron is responsible for approximately 80% of the 
profit generated by the export of ores in Brazil. According to 
the United States Geological Survey, iron ore production in 
Brazil was estimated to be 398 million tons in 2013, equiv-
alent to 13.5% of the global total. A number that places the 
country among the largest iron producers in the world, with 
an estimated reserve of 31 billion tons of iron ore, behind only 
Australia, with 35 billion tons.⁹

This project aims to reduce the amount of waste by the use 
of the mining process’ by-products to obtain materials used 
in the construction industry. The use of waste in the compo-
sition of materials for other purposes can lower raw material 
costs and, consequently, the price of the final product.

One of the most commonly used materials in the construc-
tion industry is solid bricks. They are a type of block made of 
common clay, has no holes, and is molded with straight edges, 
and can be made by burning the pieces in ovens. It is consid-
ered a rustic brick and produces very resistant masonry.¹⁰

Bricks used in construction can be made from clay, sand, 
slate, calcium silicate, cement or concrete, as well as other 
unusual materials. Clay is the most common material to be 
used. For the manufacture of the brick, initially, a homoge-
neous mass with the raw material is made, or a mixture of 
raw materials. Then the material is burned at about 900ºC (in 
the case of clay) to form the hardened bricks. Common brick 
typically contains the following components: silica (50 to 60% 
by weight), alumina (20 to 30% by weight), lime (2 to 5% by 
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weight), iron oxide (5 to 6% by weight), and magnesium ox-
ide (less than 1% by weight).¹⁰ 

Solid brick is most commonly used today in the 
construction of foundations. It also provides thermal and 
acoustic comfort, which is the reason why it is used on such a 
large scale. Therefore, using mining waste to produce bricks 
can minimize the environmental and social degradation 
caused by activities of this type of industrial process.¹¹,¹²

Once ready, the bricks need to be tested to see if they are 
suitable for the application. According to Pablos et al. (2009), 
the most suitable tests for bricks are compressive strength, 
water absorption, air permeability, and solubilization, in 
which the first two tests are the most important.¹²

Water absorption determination in bricks is essential as 
it checks the percentage of water absorbed by them, which 
if it is not ideal can damage the structure. The compressive 
strength test, on the other hand, verifies the load capacity 
that the blocks support when subjected to forces exerted 
perpendicularly on their opposite faces (Figure 2). This 
test determines if the samples offer adequate mechanical 
strength and simulates the pressure exerted by the weight of 
the construction on the bricks. Failure to comply with the 
minimum normative parameters indicates that the wall may 
present structural problems such as cracks. Consequently, the 
failure to comply with a minimum parameter of compressive 
strength > 1.0 MPa will present risks of collapse in the 
construction.¹³ The limit of compressive strength is calculated 
by the maximum load divided by the original section of the 
specimen.

The compressive test can be performed on the universal 
testing machine by adapting two flat plates, one fixed and one 
movable. It is between them that the sample is supported and 
held firm during compression.

This project differs from current literature because, unlike 
the vast majority of tests, this procedure can be easily done 
on a larger scale, which can assist in the production of bricks 
and consequently decrease the amount of mining waste faster 
than usual. 
�  Methods 
Bricks with smaller dimensions than ordinary bricks 

were used in this study to save the mining waste provided 
by the Samarco industry. Thus, the original measurements 
of the common bricks were divided by 4, and the following 
measurements were obtained: height: 1.3 cm, length: 6 cm, 
and width: 2.9 cm. After the determination of the dimensions, 
the drawings were sent to the Dante Alighieri College joinery, 
which made the plywood molds, with a thickness of 0.5 cm 
(Figure 3).

The LFS (flotation mud) had a pasty consistency, so it 
was used directly in the molds. The sand waste was a brittle 
residue so a binder was required, so that it could be shaped 
into a brick.  The binder used was carboxymethylcellulose, 
known as CMC. Five grams of the binder was dissolved in 
water to a volume of 1 liter in a volumetric flask.

The solution was mixed with the sandy residue to form a 
pasty mixture. The pasty samples of the two residues (LFS 

and RAS) were placed in the plywood molds. There were six 
samples of each type of waste, totaling 12 samples (Figure 4).

All bricks dried for 15 days and were then placed to heat 
in a ceramic kiln ( JUNG, Figure 5). The samples were placed 
in the oven for eight hours until they reached 900ºC. The 
oven was set to remain at 900 °C for 20 minutes and, after 
that time, the temperature began to decrease, reaching a final 
temperature of 40 ° C. The total time spent in the oven was 
16 hours.

Mechanical Tests :
The compressive strength and water absorption tests 

were performed in partnership with the Pontifical Catholic 
University of São Paulo - PUC-SP, Marquês de Paranaguá 
campus (Figure 6). These tests were performed only with the 
pre-selected bricks.

Compressive Strength Teste:
Firstly, the commercial bricks were cut in the cross-section 

to have the same dimensions as the mini waste bricks using 
an AEG Policorte saw, model SMT-355 (Figure 7). The cut 
bricks can be seen in Figure 8. 

A high concentration of BR2 is needed for cancer cell deliv-
erFor the tests of compressive strength and water absorption, 
the tests were performed following the standard ABNT NBR 
8492 (Cement soil brick - Dimensional analysis, determi-
nation of compressive strength and water absorption - Test 
method).¹⁴ 

To carry out the compression test, following the previous-
ly mentioned standard, 300g of cement (CP II-E32) were 
weighed on a scale (Mars - AD50K) and mixed with 150 ml of 
water until a homogeneous paste formed, which was deposited 
in a porcelain capsule (Figure 9).

For the assembly of the test material, a layer of cement was 
placed directly on the glass support and then half of the bricks 
were added under that layer, and so on until it formed a kind 
of hamburger (Figure 10).

The material was entirely covered by the prepared cement. 
After that, the bricks dried for 14 days so that it could be test-
ed on the hydraulic press (Figure 11).

Water absorption test:
The water absorption test was also performed following 

the ABNT NBR 8492 standard. First, the brick mass was 
determined before and after placing it in a drying oven (Figure 
12). Then, the samples were immersed in water (Figure 
13), and after twelve hours, the mass of the wet block was 
measured. The percentage of water absorbed by the sample 
was determined by the difference between the two values 
found. At the end of the analysis, the brick was required to 
have a water absorption between 8% and 25%.¹⁴
�   Results and Discussion
Brick rating after heating:
Two types of waste were used by Samarco and were labelled 

as flotation mud (LFS) and sandy waste (RAS). The chemical 
composition from both of the samples is shown in Table 1. 
According to Table 1, both samples had silicon and iron ox-
ides as the main compounds. However, the LFS sample had 
a 14.8% lower silica content and 9.8% more iron than the 

 ijhighschoolresearch.org



 40 DOI: 10.36838/v4i5.6

RAS sample. Mini bricks molded by using both residues, 
after heating at 900ºC in a furnace provided by Colégio 
Dante Alighieri (commonly used for ceramic materials), had 
the appearance shown in Figure 14. 

The bricks obtained by the addition of the bonded RAS 
had a brittle appearance and therefore were not suitable for 
use in the manufacture of bricks used in civil construction, as 
shown in Figure 14. It is believed that the RAS residue was 
not suitable for the manufacture of mini bricks because its 
silica content was extremely high (79.3) when compared to 
the LFS percentage (64.5). However, through research, this 
solid waste can apply to other areas. 

The bricks obtained from flotation mud appeared to be 
adequate, so they were chosen to continue this study.

The masses of each brick sample before and after heating 
using the LFS and their respective measurements are shown 
in Table 2.

The bricks obtained from LFS lost weight after heating at 
900ºC due to the loss of water contained in the raw material. 
The bricks also showed a reduction in length and width 
after the heating. However, the height measurement was, at 
times, equal to or greater than the initial measure, showing 
that the material expanded in the furnace during firing. The 
percentage of mass loss for samples 1 to 6 was 20.77 g; 21.53 
g; 20.44 g; 20.86 g; 21.10 g; 21.0 g, respectively.

Water absorption and compressive strength test results:
The LFS and the common bricks samples presented a cross-

section cut at the same dimensions as that of the mini bricks 
for comparison and were weighed with a scale and measured 
with a caliper. The data obtained was used to calculate the 
percentage of water absorption. Water absorption tests were 
done in duplicate, and the results are shown in Table 3 as well 
as in Figure 15.

As can be seen in Table 3 and Figure 15, all samples 
had water absorption values lower than 25%, which is the 
limit of the standard applied by Inmetro (2019). Thus, the 
waste bricks met the requirements of the Brazilian law and 
therefore, when used in a building, would not be damaged by 
moisture. 

The compressive strength tests were performed on four 
different samples, and the results are shown in Table 4 and 
Figure 16.

The bricks made by residue presented compressive strength 
values slightly lower than the values obtained for common 
bricks, as can be seen in Table 4. All samples presented 
compressive strength values greater than 1.0 MPa, and 
therefore meet the requirements of the Brazilian law. 15 A 
wall formed by the waste bricks would not present cracking 
problems, and there would be no risk of collapse.
�   Discussion
Aiming to improve the results in both tests, concrete can be 

added to the composition of the brick. After that, performing 
dry curing would be necessary, because this procedure is 
essential for the concrete to achieve a better performance 
since it improves the resistance and the durability of the 
brick. If not done correctly, dry curing can cause cracks and 
make the surface layer weak, porous, and permeable. The 

chemical characteristics of mining waste are very close to 
those required for the production of ceramic products. The 
manufacturing of pavement and replacement of aggregates 
for concrete manufacturing are also options for which the 
chemical composition is not very rigorous. Particle size and 
strength are characteristics very important for this type of 
material, and can be evaluated for use in civil construction. 
Finally, it is possible to measure the application of tailings 
for the manufacture of cement, since the high content of iron 
in cement can eliminate the incorporation of powdered iron 
in conventional cement. Samarco solid waste used in this 
study has iron in high quantity and could be used for cement 
production.⁶,¹⁵ 

In aiming for better results, the addition of slate (20%) or 
chamotte (3%) to the brick making process could improve the 
results of the resistance tests by, respectively, 41% and 150%, as 
these residues increase the permeability, improving the drying 
and firing procedure. Besides, increasing the temperature in 
the heating process to 1000°C could improve the results of 
the absorption tests.¹⁶,¹⁷
�   Conclusion
Samarco's sandy waste was not suitable for the manufacture 

of mini-bricks because it was brittle after the heating process. 
It is believed that the RAS residue was not suitable because 
its silica content was almost 15% higher than the content of 
sílica from LFS. The silica content may have been responsible 
for the brittle appearance of the RAS bricks, so the residue 
from the flotation step was used for further testing. The 
bricks obtained from the LFS presented mass loss after 
burning between 20.44% and 21.53%. The bricks also showed 
a reduction in length and width during firing. However, the 
height measurement was, at times, equal to, or greater than 
the initial measurement. In the water absorption tests, the 
two samples of waste bricks presented values between 8% and 
25%, and, therefore, fit the current Brazilian law. All mini-
brick samples had compressive strength values greater than 
1.0 MPa, and therefore met the requirements of the law for 
civil construction in Brazil. These results indicate that LFS 
residue bricks won't cause cracking or structural problems. 
The next step of this study will be to perform the same tests 
but on waste bricks with equal dimensions as ordinary bricks 
as well as evaluate the addition of other materials to the 
composition of the bricks. 
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Figure 1: Area devastated after the rupture of the dam containing mining 
waste from the Samarco company. Source: https://ferdinandodesousa.
wordpress.com/2017/08/17/.

Figure 2: Compression test outline. Source: http://www.inmetro.gov.br/.

Figure 3: Brick molds made from plywood in the Colégio Dante 
Alighieri's laboratory.
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Figure 4: Mini bricks made from Samarco waste. On the left: sandy residue 
(RAS), and on the right: flotation mud (LFS).

Figure 5: Ceramic material oven from Colégio Dante Alighieri.

Figure 6: PUC-SP, Marquês de Paranaguá campus.

Figure 8: Waste bricks and common bricks after cutting in the civil 
engineering laboratory at PUC-SP.

Figure 9: Cement being weighed on the scale and the cement mass 
prepared after adding water.

Figure 10: Cement being weighed on the scale and the cement mass 
prepared after adding water.

Figure 11: Hydraulic press used for brick compression tests (brand: 
Solotest).
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Figure 12: Determination of the mass of bricks in PUC-SP laboratory 
analytical balance.

Figure 13: Bricks submerged in water for water absorption testing.

Figure 14: Residue bricks after heating.

Table 1: Chemical analysis of the RAS and LFS samples. 

Table 2: Characteristics of the bricks before and after heating. 

M = mass; L = length; W = width; H = height. 

Table 3: Results of the water absorption test. 

Figure 15: Results of water absorption in percentage.

Figure 16: Results of compressive strength tests in MPa.
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Table 4: Results of compressive strength tests. 
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ABSTRACT: Current treatments for soft tissue sarcomas primarily involve surgical excision of the tumor with widely negative 
margins. To further reduce the risk of local recurrence, neoadjuvant or adjuvant treatment with radiation or systemic therapy 
may be added. Both radiation therapy and systemic therapy may be limited by off-target effects. Advances in nanotechnology aid 
with intraoperative and postoperative visualization of tumor margins, which improve surgical excisions and offer the opportunity 
to selectively target tumors with systemic therapy or local adjuvants, reducing off-target effects. Through exploitation of unique 
attributes of peritumoral vasculature, methods of fluorescence localization and targeted drug delivery, nanotechnology has the 
potential to transform the surgical management of soft tissue sarcomas.

 KEYWORDS: Translational Medical Sciences; Disease Treatment and Therapies; Soft Tissue Sarcomas; Nanotechnology; 
Targeted Delivery.

�   Introduction
With an estimated 13,130 diagnoses and 5,350 deaths of 

soft tissue sarcomas in 2020, current treatments for sarcomas 
have much room for improvement.¹ A majority of these tu-
mors are treated with surgical excision. However, one of the 
many challenges of excising soft tissue sarcomas, a soft tissue 
cancer that originates from mesenchymal tissue, is its high 
recurrence post-surgical excision.² In some cases, radiation 
is added to decrease local recurrence, but this can cause side 
effects. Similarly, while systemic therapy is not commonly 
incorporated in the treatment plan for extremity soft tissue 
sarcomas, these medications are limited by off-target effects, 
or systemic side effects. Nanotechnology offers the potential 
to reduce either local recurrence of sarcomas or the side effects 
of radiation or chemotherapy. The novel technological field 
aims to reduce the toxic effects of chemotherapy and radiation 
by taking advantage of the unique attributes of peritumoral 
vasculature. The use of nanotechnology in cancer detection 
and treatment can reduce harmful side effects and increase 
the efficacy of treatments, while providing non-invasive im-
aging to assist with the surgical removal of sarcomas.³ This 
review will discuss current research regarding the use of nan-
otechnology in the detection and treatment of sarcomas, as 
well as the future applications of nanotechnology outside of 
oncology.

The EPR and ELVIS Effect:
One of the most important characteristics of tumors that 

supports growth is tumor angiogenesis, or the formation 
of new blood vessels. It has been proven that tumors create 
vascular endothelial growth factor (VEGF) that increases an-
giogenesis. The new vasculature in the tumor helps maintain 
the blood supply to the tissue and keeps it alive. The “...defec-
tive vascular architecture; large gaps between endothelial cells 
in blood vessels; abundant vascular mediators...and vascular 
endothelial growth factor; and impaired lymphatic recovery” 
in the peritumoral environment give tumor tissue unique 

properties including the Enhanced Permeability and Reten-
tion (EPR) effect.⁴ The EPR effect is a natural phenomenon 
that occurs in solid tumors as a result of their abnormal vas-
culature. Normal capillaries allow the diffusion of some small 
particles. Tumor vasculature, however, is defective and tends 
to produce an abnormal amount of different permeability fac-
tors. Therefore, many solid tumors have an enhanced state of 
permeability, which helps with the diffusion of nutrients and 
oxygen into the tissue. The “retention” aspect is accompanied 
by the retention of the larger particles within the peritumoral 
environment, though there is a size cutoff for retained parti-
cles. Physicians can utilize these characteristics to apply the 
EPR effect in therapeutic or diagnostic applications.⁴ The 
EPR effect is a fundamental concept in the use of nanotech-
nology as a targeted drug-delivery system. Because of this 
phenomenon, nanotechnology proves to be a promising field 
of research for oncological therapeutics.

The Extravasation through Leaky Vasculature and the 
subsequent Inflammatory cell-mediated Sequestration (EL-
VIS) is an alternative mechanism that occurs along with the 
EPR effect. The initial identification of this effect was ob-
served in inflammatory arthritis animal models. It was noted 
by Yuan et al. that, in inflammatory arthritis animal models, 
once “the macromolecular prodrug extravasates through the 
leaky vasculature, it is internalized and sequestered by the 
synoviocytes.”⁵ These animal models suggest that the target-
ed retention of macromolecules at inflamed joints is caused 
by the selective extravasation, or the leakage of fluids from 
a blood vessel to surrounding tissue, through the leaky vas-
culature of the inflamed tissue.⁵ Within the peritumoral 
microenvironment, there are also areas of local inflammatory 
responses called the reactive zone. These areas of inflamma-
tion may result in “leaky” vessels and provide an alternative 
mechanism for sequestration of the nanoparticles within the 
tumor through the ELVIS effect.⁶ While the EPR effect 
explains why nanoparticles sequester at tumors, the ELVIS 

ijhighschoolresearch.org



 46 DOI: 10.36838/v4i5.7

impact of the nanoparticles once they reach the tumor site, 
since the effect helps with determining the cellular mech-
anisms utilized once the nanoparticles are in tumor tissue. 
Understanding this dictate how the nanotechnology prop-
erties may be adjusted in order to take full advantage of the 
characteristics of the tumor. 

Nanotechnology:
Nanotechnology describes particle sizes usually between 

1 and 100 nanometers. The small size is responsible for 
its unique properties, which allows for advancements in 
energy, manufacturing, and medicine.⁷ The EPR effect and 
ELVIS effect utilize nanoparticles ideally between 50 to 
150 nanometers, since smaller particles not only clear the 
body quicker but also diffuse through normal capillaries. In 
addition to size, the particle shape, charge, and lipophilicity 
of a nanoparticle all impact its utility and anatomic sites. 
Combining existing therapeutics with these properties 
afforded by nanotechnology applications can assist in the 
detection and treatment of sarcomas through targeted 
delivery, novel imaging techniques, controlled drug-release, 
and improved bioavailability.⁸

Fluorescence Localization:
In the last few decades, various imaging techniques, 

including computed tomography (CT), magnetic resonance 
imaging (MRI), and positron emission tomography (PET), 
have assisted in the detection of soft tissue masses as well 
as preoperative planning. Gadolinium is a contrast agent 
used in an MRI scan to help show abnormal tissue in the 
body. This widely utilized agent in magnetic resonance works 
predominantly by highlighting the localization and timing of 
vascular flow to the area. Though it is not a nanoparticle in 
the traditional sense, Gadolinium works as a diagnostic tool 
in a similar way to nanoparticles, and its size and charge allow 
the contrast agent to distribute in a similar pattern to that 
predicted by the EPR effect.⁹

Some tumors are surrounded by a large reactive zone of 
inflammation which may contain tumor cells.  This is perhaps 
best recognized in myxofibrosarcoma, though inflammatory 
sarcomas of numerous histopathologic subtypes are 
recognized. These areas are visually enhanced with 
gadolinium.  As such, a nanosized fluorescence probe may 
be utilized to identify the area of peritumoral inflammation, 
using the hyperpermeable vasculature of the inflammatory 
reactive zone and the properties of the ELVIS phenomena.  
With intraoperative fluorescence excitation, this technology 
affords the capability to assist the margin detection during 
surgical dissections of the soft tissue sarcomas.¹⁰

One instance of a compound used for intraoperative 
optical imaging is 5-Aminolevulinic acid (5-ALA). 5-ALA 
has been extensively studied for neurosurgical applications 
in managing gliomas. The non-toxic compound was 
found to be a promising subject of research for Kenan et 
al, who established that 5-ALA can selectively illuminate 
myxofibrosarcoma and chordoma cells in vitro. Since 5-ALA 
also acts as a photosensitizer, it additionally proved to be a 
potentially effective compound for photodynamic therapy 

of myxofibrosarcomas may contain tumor cells, making 
them susceptible to high rates of local recurrence. 5-ALA’s 
ability to fluorescence at specific wavelengths suggests this 
as a candidate for fluorescence-guided surgical excisions, and 
the potential for PDT may further reduce the risk of local 
recurrence associated with similar tumors.¹¹

Another example of a contrast used in intraoperative optical 
fluorescent detection is Hexa(sulfo-n-butyl)[60]Fullerene 
(FC₄S).12 FC₄S is a water-soluble molecule that has been 
known to cause cytotoxic effects on certain microorganisms 
after light exposure, which is known as photosensitization.  
Its ability to mediate PDT and water solubility suggests the 
molecule has the potential to help with the treatment of 
tumors. Yu et al confirmed the photodynamic properties in 
vitro, using fibrosarcoma cells and in murine sarcoma cells. 
The light irradiation with an argon-ion laser after injection 
of an FC₄S prevented further growth of the S180 tumors, and 
the PDT improved hematological and blood biochemistry of 
mouse models of sarcomas.¹²

Indocyanine Green Dye (ICG) has been used as a guide for 
carcinoma resections and has proven to greatly improve the 
results of surgical removals by helping surgeons achieve clear 
margins. Once injected into the bloodstream, ICG remains 
in areas of disorganized vasculatures, such as within tumors, 
and helps identify hepatocellular carcinomas, a common type 
of liver cancer.¹³ Fluorescein angiography is a diagnostic 
test that uses a yellowish-colored dye called fluorescein 
to visualize blood vessels generally used by reconstructive 
surgeons.¹⁴ ICG fluorescence angiography uses ICG instead 
of fluorescein to take advantage of the dye’s attraction to 
areas of disorganized vasculature.  Mahjoub et al. conducted 
research on mouse models of osteosarcoma to determine 
the effectiveness of ICG as an intraoperative guide during 
sarcomas resection. The research established that “ICG near-
infrared fluorescence angiography signal localized precisely 
to primary and metastatic OS tumors and not the adjacent 
microenvironment”.¹⁵ The findings prove that the ICG 
fluorescence angiography can help achieve clear surgical 
margins, which are essential to ensure the complete removal 
of sarcomas and decrease local recurrence. Similar to the 
previously mentioned substances, ICG has the potential, as a 
nanoparticle, to increase efficacy and prevent positive surgical 
margins.¹⁵

Targeted Drug Delivery:
Another potential therapeutic use of nanotechnology, 

similar to PDT, is the use of a targeted delivery system, which 
can help decrease toxicity and increase the efficacy of current 
treatments. It has been found that “local failure rates of 10% 
to 28% at 5 years have been reported for locally advanced, 
unresectable sarcomas, due in part to limitations in the 
cumulative [radiation] dose that may be safely delivered”.¹⁶ 
In other words, radiation is unable to fully treat certain 
sarcomas due to dosage limitations, similar to chemotherapy. 
Nanotechnology can greatly improve dosage limitations 
by using its selective distribution. For instance, cisplatin is 
an agent that can be used alone or with either radiation or 
chemotherapy to help fight cancer. The agent is widely used 
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against many types of solid tumors, including breast, liver, 
lung, ovarian, testicular, bladder, head and neck, small-
cell and non-small-cell lung cancers. However, cisplatin 
is unable to selectively distribute to tumor tissue, causing 
dose-limiting side-effects.¹⁷ With the use of nanoparticles, 
cisplatin can potentially be used without the side effects as 
the non-selective distribution. The anticancer agent is the 
ideal example of how nanotechnology can work with both 
chemotherapy and radiation to provide targeted drug delivery 
that would reduce the harmful dose-limiting side effects of 
the treatments. Every radiosensitizer and chemotherapy 
agent works differently, but nanotechnology can greatly 
improve the effectiveness of both treatments and offer a more 
manageable treatment experience for the patient.

One example of targeted delivery systems is ionizing 
radiation, which treats cancer by forming ions in cells, 
removing electrons from atoms or forming free radicals and 
DNA strand breaks. This can activate cell death pathways 
or prevent cells from growing by changing their genes.¹⁸ 
Radiosensitizers are substances that increase tumor cells’ 
sensitivity to radiation by increasing the speed at which 
DNA is damaged.¹⁹ Increasing the sensitivity of tumor tissue 
to radiation will assist in improving the effectiveness of the 
limited dosage of radiation against tumors.  Nanoparticles 
can help with the radiosensitization of tumor tissue and 
provide imaging that may be useful for treatments. For 
instance, research into gold nanoparticles demonstrates 
their potential to help improve the efficacy of radiation 
therapy. Research has shown that radiation, in conjunction 
with nanoparticle radiosensitizer formulations, increases the 
effectiveness of radiation treatment. In a mouse model of 
sarcoma, nanoparticles were able to accumulate in the tumor 
tissue, providing imaging and possibly radiosensitization. 
The mice, once treated with gold nanoparticles and radiation, 
showed improved tumor regression and survival.¹⁶ The 
small molecules of cisplatin, oxaliplatin, and carboplatin 
can be made into nanomolecules. The three particles have 
the ability to kill cancer cells without the use of radiation, 
and act as radiosensitizers, improving the effectiveness of 
radiation.¹⁹ Similar to the previously mentioned application 
of nanotechnology, the use of nanotechnology in therapeutics 
requires further research to optimize the effects of 
nanoparticles in the treatment of sarcomas.

An alternative approach towards the use of nanotechnology 
in oncologic care relates to immunotherapy.  One example was 
the use of N-(2-hydroxypropyl)methacrylamide (HPMA) 
copolymers, which are water-soluble and biologically stable. 
Initially, these copolymers were used with arthritis, where 
HPMA-based anti-inflammatory medications could be 
selectively delivered to areas of inflammation. Through the 
same concepts that allow the copolymer to be selectively 
delivered to sights of inflammation, pro-inflammatory 
medications can be delivered to extravasate in peritumoral 
vasculature as an attempt to alter the local macrophage 
population from a tumor-promoting M2 phenotype to a 
tumor-suppressing M1 phenotype.⁶

Ultimately, it is important to select the best drugs to 
work with nanotechnology to detect and treat different 
inflammatory diseases. Similar to the nanocarrier design, the 
drugs must be chosen to fit the specific pathophysiology of 
the disease being treated. Toxic substances with harmful off-
target effects could potentially be used in safer and alternative 
ways if targeted drug delivery can reduce these off-target 
effects.⁶

Future Applications:
Though research in nanotechnology-based therapeutics 

has made enormous strides in the treatment of soft tissue 
sarcomas, there are aspects that require further exploration in 
order to increase efficacy and safety. More extensive research 
is needed to investigate the physiological barriers that prevent 
nanotechnology from working efficiently and avenues to 
bypass these barriers. Although the design for a nanoparticle 
will have to be made disease-specific to accommodate for 
the heterogeneous tumor-microenvironment, this research 
can help specify design characteristics that optimize the 
nanoparticle design.²⁰ Furthermore, nanomaterials will need 
to be studied to determine their safety in the human body and 
their effectiveness as a nanoparticle for sarcoma treatment.
�   Conclusion
Nanotechnology has proven to be an effective tool in 

medicine. Research in the field of oncology has shown the 
novel technology to have the potential to detect and treat 
cancer while also preventing any recurrence. Though further 
exploration is required in certain aspects of the field, as 
research continues, nanotechnology’s targeting capabilities 
will revolutionize current soft tissue sarcoma treatments. 
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ABSTRACT: COVID-19 has impacted adolescent mental health due to multifarious effects from this pandemic. This study 
aims to survey how adolescents in Tacoma, Washington have been affected mentally by COVID-19. A survey consisting of 21 
different questions based on the DASS-21 scale was conducted in order to assess symptoms of depression and anxiety. In addition, 
the survey asked participants at the end to give a short description about how the pandemic has impacted them mentally. Overall, 
there were 124 high school students who participated in the survey with the majority of them being students in 10th and 11th 
grades. This study showed that multiple students experienced extremely severe levels of stress, anxiety, and depression, from the 
2020 quarantine. Overall, the pandemic has had multiple adverse effects on youth and adolescent mental health.  
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�   Introduction
The coronavirus disease, also known as COVID-19, has 

severely impacted the world and not only in China where it 
originated. Due to the stay-at-home order, which was made 
by many world leaders in March of 2020, people experienced 
the loss of jobs, the isolation from people, and having their 
lives changed drastically. People had to adjust to different life-
styles (ex. working from home), which increased the amount 
of hardship they experienced by having to alter their lives so 
quickly.² COVID-19 is still an ongoing disease that proves to 
be unpredictable. So, it is to be understood that this crisis has 
continued to unfold since it began at the end of 2019. 

COVID-19 has caused a widespread concern that mental 
health in children and adolescents has been negatively im-
pacted due to the effects of the pandemic.¹-⁵ As such, anxiety 
and depression symptoms in adolescents have increased since 
March of 2020.⁶ This study specifically targets adolescents 
and teens in the US, and the levels of anxiety and depres-
sion they experienced from March of 2020 to the present day. 
Nevertheless, there are still limitations to this study men-
tioned above since it was targeting only one audience in the 
US and there could have been other outside factors, besides 
COVID-19, leading to their psychiatric symptoms.

Recent studies have evaluated the impact of COVID-19 on 
adolescent depression and anxiety. During the spring of 2020 
almost all of the states in the Union were in “lockdown” and 
nearly all education was remote. This lockdown has indeed 
affected adolescent mental health due to the isolation they 
felt being confined to their home and having little to no social 
interaction with the outside world. ²       

A few studies on the effect of adolescent anxiety and depres-
sion during COVID-19 pandemic have shown that students’ 
symptoms have increased compared to before the pandemic.³ 
Of these two studies only one of them was conducted in the 
United States.² Hawes, Szenczy, Klein, Hajcak, and Nelson all 
found that at the beginning of COVID-19 adolescents and 

young adults in Long Island, NY had indeed experienced in-
creased depression and anxiety symptoms due the school and 
home confinement.⁶
�  Methods 
The following study attempts to add to the literature on the 

impact of COVID-19 on adolescent anxiety and depression. 
The target audience for this project was high school students 
ranging from 14-18 years old and was administered in Taco-
ma, Washington. This survey was limited to this region due 
to COVID restrictions that were in place throughout the 
study period. This research was conducted from 1 June - 31 
August 2021 and utilized a validated survey to assess partic-
ipants mental health symptoms during the pandemic. This 
survey was sent out via email due to COVID-19 restrictions. 
The participants were chosen by their status as high school 
students at local schools in Tacoma, WA and were asked to 
rate and describe their emotional health as it related to the 
COVID-19 pandemic. 

Measures:
The survey used in the study asked the following question: 

“How has COVID-19 affected your anxiety and depression 
symptoms?” while using the DASS-21 scale to help measure 
the participants symptoms. The DASS-21 is the short version 
of the DASS-42 but with only 21 items on it. Several criteria 
were used to create the DASS-21 scale and the items that 
were assessed focused on depression, anxiety, and stress. 
The participants were asked to pick a number between 
1 and 4 to indicate how much the question being asked 
related to them. 1 equals “never”, 2 equals “rarely”, 3 equals 
“sometimes”, and 4 equals “almost always”. The higher the 
score in each subcategory the more severe the symptoms are 
for the respondent answering the question. Each subcategory 
was further characterized as either mild, moderate, severe, 
or extremely severe based on their overall score in that 
subcategory.¹⁴ 
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Procedures:
A survey was emailed out to students in Tacoma, 

Washington, using an online platform which was google 
survey. This survey was only given out to the students at 
private school who were in the age range between 13 and 
19. All of the students who participated in the survey were 
informed about the purpose and objectives of the study and 
were made aware that their answers would be anonymous 
but used to conduct further research. The survey consisted 
of questions asking about age, ethnicity, gender, and sexuality 
and had a scale adapted from NovoPsych Depression Anxiety 
Stress Scales - Short Form (DASS-21). It was modified to 
reflect how the statements used in the survey applied to 
the participants over their period in quarantine, as opposed 
to over a one-week period. The DASS-21 scale was used 
to capture the participants' severity of anxiety, stress, and 
depression levels of participants taking the survey throughout 
COVID-19. Additionally, a non-required short answer 
question was also prompted at the end of the survey to 
give a better understanding of how COVID-19 quarantine 
impacted them emotionally. The data collected was between 
a period of two months from the beginning of July to the end 
of August 2021. The data was also calculated and analyzed 
using the online program Excel. 
�  Results and Discussion 
The final sample included 120 high school students who 

completed at least 90% of the survey. They ranged in age 
from 13-19 years old. 57.5% of the participants were female, 
37.5% of the participants were male, and the remaining chose 
to identify as other. A few participants also preferred not to 
disclose their gender. All of the participants were from the 
United States. Participants self-identified as White (62.9%); 
Asian (15.3%); Hispanic, Latino or Spanish origin (5%); 
Black or African American (3.3%); Native Hawaiian or 
other Pacific Islander (3.3%); South Asian (2.5%); Middle 
Eastern (1.7%). 0.8% of the participants preferred not to say 
and 4.8% of the participants self-identified as other (Figure 
1). Participants identified themselves as (73.3%) Straight, 
(19.2%) LGBTQ, and the rest preferred not to disclose 
(Figure 1).

Overall, the majority of respondents had features of anxiety, 
depression, and stress that were rated as “extremely severe” as 
demonstrated by their scores for these subcategories on the 
DASS-21 survey (Table 1).

 

The least frequently endorsed questions (those questions 
most frequently endorsed as 1, “never”) consisted of “There 
were times where I was aware of the dryness of my mouth” 
(42.6%) , “I had experienced breathing difficulty” (47.5%) , 
“I had experienced trembling” (49.2%) , “I felt I wasn’t worth 
much as a person” (37.7%) , I was aware of the action of my 
heart in the absence of physical exertion” (50.8%) , “There 
were times where I felt scared without any good reason” 
(34.3%) , and “I felt that life was meaningless” (45.1%).

The second least frequently endorsed questions (those 
questions most frequently endorsed as 2, “rarely”) consisted 
of “There were times where I found it hard to wind down” 
(39.3%), “There were times where I felt that I was using a 
lot of nervous energy” (32.8%), “There were times where I 
found it difficult to relax” (29.5%) , “There were times where 
I felt down-hearted and blue” (30.3%), “I was intolerant 
of anything that kept me from getting on with what I was 
doing” (50%), “There were times where I felt I was close to 
panic” (33.6%), “There were times where I felt like I was 
unable to be enthusiastic about anything” (34.3%), “I felt that 
I was rather touchy or very sensitive” (30.3%).

The third least frequently endorsed questions (those 
questions most frequently endorsed as 3, “sometimes”) 
consisted of “There were times where I found it hard to wind 
down” (39.3%), “There were times where I couldn’t seem to 
experience any positive feeling at all” (36.9%), “There were 
times where I tended to overreact to situations” (36.9%), 
“There were times where I was worried about situations 
in which I might panic and make a fool of myself ” (32%), 
“There were times where I felt I had nothing to look forward 
to” (36.1%), “I found myself getting agitated easily” (36.9%), 
“There were times where I felt down-hearted and blue” 
(30.3%).

There was only one question where option 4 (“always”) was 
most frequently endorsed. 45.2% of respondents reported 
“always” to the item, “There were times where I found it 
difficult to work up the initiative to do things.” (Figure 2)

In the free text response section of the survey, most students 
specifically commented that their underlying depression 
or anxiety symptoms worsened during the lock-down and 

Figure 1: Ethnicity of survey respondents.

Table 1: Mean (average) Score for each subcategory of the DASS-21 survey.

Figure 2: Number of respondents to question “There were times where I 
found it difficult to work up the initiative to do things.”
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summer of 2020 prior to the start of school. Additionally, some 
students commented that these symptoms seemed to worsen 
despite returning to school and have persisted to the present 
day. Interestingly, a small number of students surveyed com-
mented that they developed coping skills that helped them 
deal with their feeling of isolation, depression, and anxiety, and 
have continued to utilize these skills. The number of students 
who reported persistent symptoms of depression and anxiety 
far outweighed the number of students who developed coping 
skills during the May 2020 quarantine.
�   Conclusion
Prior studies that have used nationally representative 

samples have inferred that because of the COVID-19 
pandemic, anxiety and depression within adolescents have 
increased.⁷,⁸ Multiple studies have explored the increased 
symptoms of depression and anxiety within youth.⁹-¹² 
However, only a few studies have been conducted in the 
U.S. The findings in this study provide insight into how 
the COVID-19 pandemic has affected adolescents in and 
out of school in Tacoma, WA, while prior research has been 
restricted to non-specific measures of increased stress and in 
regions where the pandemic was not as severe. 

The results revealed multiple patterns. First and foremost, 
the majority of respondents were found to have features of 
anxiety, depression, and stress that fell within the extremely 
severe range as demonstrated by their high scores in these 
subcategories (see Table 1). This illustrates that the pandemic 
had a severe mental health impact on the students. For 
questions exploring the lack of motivation in students during 
the May 2020 quarantine, option 4, “always,” was endorsed 
the most. This demonstrates that multiple adolescents, 
specifically students, lost their motivation to get tasks done. 
This was perhaps due to increased depressive symptoms. In 
other studies, generalized and social anxiety symptoms seemed 
to increase during the pandemic.⁶ This was also illustrated in 
this study by the extremely severe rates of depression, anxiety, 
and stress symptoms.

This study had many strengths, including surveying a 
population of students who were severely affected by the 
pandemic and who experienced their education during 
COVID-19 using a combination of in-person and virtual 
learning environments. However, there were several 
limitations to this research study. This project was only in one 
distinct area in the United States and did not include a range 
of demographics for more well-rounded results. The survey 
was administered during the summer of 2021, and student 
summer plans and activities may have impacted responses. 
Additionally, because the research had to be conducted in 
a short period of time, only one time-point was assessed in 
the survey to evaluate their mental health symptoms during 
the COVID-19 pandemic. Therefore, an additional survey 
would have to be sent out to examine how students have 
experienced symptoms at different time points during the 
pandemic. This study highlights that future research should 
focus on the relationship between COVID-19 and rates 
of anxiety and depression, and the impact on high school 
student motivation.

Across domains, pandemic experiences were associated 
with mental health and psychiatric symptoms. COVID-19 
has had an extremely severe impact on teenage mental health 
as demonstrated in this study. High school students have also 
experienced many other mental health symptoms related to 
COVID-19 which have negatively affected their ability to 
function and maintain a healthy mind-set. Virtual education 
and home confinement were associated with these symptoms 
and compounded by social isolation. In conclusion, this study 
further highlights the negative impact of COVID-19 on 
youth and adolescent mental health.  
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ABSTRACT: T cells are important to the immune system as they remove foreign pathogens such as bacteria, cancer cells, 
viruses, and parasites. T cells can change their DNA by undergoing a process called V(D)J recombination. There are two types 
of T cells: gamma-delta (𝛄δ) and alpha-beta (𝜶ꞵ). Gamma-delta T cells have been eliciting interest in the past few years as they 
have an important role in autoimmune diseases, various infections, and cancer. I hypothesized that there are many more gamma-
delta T cell subtypes that haven’t been characterized yet. Certain subsets of gamma-delta T cells can only be found in the liver as 
they perform specific functions in liver diseases. Their effect on liver diseases depends on the subset and cytokines produced so 
characterizing them now can be beneficial in developing vaccines in the future. These new subtypes could have an important role 
in tumor detection and regression. Cluster 1 had T follicular helper cells, cluster 2 had regulatory T cells, cluster 3 had effector 
memory cells, cluster 4 had activated tissue memory cells, and cluster 7 had T helper 2-like cells.

 KEYWORDS: Computational Biology and Bioinformatics; Cellular immunology; Genomics; gamma-delta T cell; Single-cell 
RNA sequencing; liver single-cell RNA dataset.

�   Introduction
The immune system is the body’s defense mechanism 

against foreign and cancerous substances such as bacteria, 
viruses, parasites, and more. The immune system has many 
different components that are spread out all over the body.¹,² 
Leukocytes, more commonly known as white blood cells, are 
the cellular mediators of the immune response. They circulate 
through the body in the blood vessels, and lymphatic vessels, 
infiltrate tissue and identify any pathogens that might have 
entered the body.² Once they find a pathogen they will mul-
tiply and kill it. White blood cells are divided into two main 
types: myeloid and lymphoid.² Many myeloid cells are phago-
cytic cells that engulf pathogens and display them to other 
cells of the immune system. Lymphocytes are more targeted 
in that they not only get rid of any pathogens but also remem-
ber them.² This is better for the body as now your immune 
system can quickly remove any pathogen that enters the body 
for a second time. 

Lymphocytes are also further divided into three different 
subtypes: B cells, T cells, and NK cells.² All lymphocytes first 
develop in the bone marrow. From there some of them move 
to the thymus and become T cells while the rest remain in the 
bone marrow and become B cells or NK cells.² Some NK cells 
can also move to the lymph nodes, spleen, tonsils, thymus, 
or uterus to develop.³ B cells are responsible for producing 
antibodies and alerting T cells while T cells are responsible 
for killing the infected and cancerous cells in the body and 
alerting other leukocytes.⁴ Unlike the B and T cells, NK cells 
have small particles, or granules, which have enzymes that kill 
the infected or tumor cells.

Both B cells and T cells can undergo a process called V(D)
J recombination which allows the cell to assemble different 
gene segments and therefore change its DNA in the B and 
T cell receptors.⁵ This allows the T cell receptor to bind to 

specific peptides that are only found in infected cells.⁵ If a cy-
totoxic T cell receptor binds to the MHC of a cell and detects 
those proteins, then it will immediately kill that cell.⁵ T cells 
cannot only change their DNA to quickly remove pathogens, 
but they can also remember all the pathogens that have at-
tacked the body and how to get rid of them quickly.⁴ This 
allows the body to resist diseases much better in the future. 
This also means that B and T cells can have a near-infinite 
number of different receptors with each one being able to 
counter a different type of disease.

The innate immune response is the first line of defense 
against any invading viruses and is a very general response.⁶ 
This means that it gives a person the same amount of protec-
tion against all antigens.⁶ Additionally, it keeps no memory 
of the antigens that have previously attacked. The innate re-
sponse takes a long time to kill complex pathogens and it does 
not become any more efficient at killing specific pathogens. 
The adaptive immune response, as the name suggests, de-
velops a specific gene segment that targets the proteins on 
the surface of a pathogen and kills it quickly.⁶ The adaptive 
immune response still tends to take longer to respond than 
the innate immune response since specific cells have to find 
each other. However, once a pathogen has been identified, the 
adaptive immune response is much faster at getting rid of it. 
The memory B and T cells save these targeted gene segments 
as immunological memory.⁴ As one grows up, this memory 
storage of how to kill different pathogens grows larger and in 
turn, makes one get sick much less often. 

T cells, specifically the 𝛄δ T cells, that bridge the innate 
and adaptive immune responses.⁷ 𝜶ꞵ T cells far outnumber 
the 𝛄δ T cells, however, currently not much is known about 
𝛄δ T cells and how they work.⁸  Not only are there signifi-
cantly more 𝜶ꞵ T cells than 𝛄δ T cells in the blood but 𝜶ꞵ T 
cells were also discovered first.⁸ 𝛄δ T cells on the other hand 
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have been gaining a lot of interest in the past few years as 
they have been discovered to play an important role in auto-
immune diseases, various infections, and cancer.⁸

To understand 𝛄δ T cells more in-depth, multiple sin-
gle-cell RNA-seq data sets from the liver were taken from 
multiple directories. They were then processed through Seur-
at and clustered into the various cells that were present. After 
that, the 𝛄δ T cell clusters were subsetted out and combined 
using the Harmony library. They were then clustered again 
and processed to find if there are any more 𝛄δ T cell subsets. 
Currently, the most well-known 𝛄δ T cell subtypes are Vδ1+, 
Vδ2+, and V𝛄9Vδ2+. Other subtypes h been identified but 
are less characterized such as Vδ3+, V𝛄5+, and V𝛄6+ but 
there are still even more subtypes that are undiscovered and 
uncharacterized. There are certain 𝛄δ T cells which can only 
be that in the liver due to their specific function of remov-
ing liver diseases.¹ These include viral hepatitis, autoimmune 
liver diseases, non-alcoholic fatty liver disease, liver cirrhosis, 
and liver cancers.¹ The effect of 𝛄δ T cells in liver diseases 
varies but can be determined through subsets and cytokines 
markers.¹ This makes characterization very important since 
it can allow the correct 𝛄δ T cell to be used for specific dis-
ease prevention. The use of diseased liver samples in our study 
allowed for the analysis of more cytokines which were used 
to identify 𝛄δ T cells which were in the process of fighting 
against specific diseases.  

The V(D)J recombination that T cells can undergo allows 
for hundreds, if not thousands, of different 𝛄δ T cell subtypes 
so if scientists search for the right genetic markers, then it 
is possible to find a new subtype or discover more about an 
already existing one.
�   Methods
Data collection:
Patient single-cell RNA sequencing data was collected 

from the Panglao, Human Cell Atlas, NCBI, and single-cell 
atlas databases (Table 1). The patients were filtered for only 
liver tissue data and then the data was further filtered into 
healthy and unhealthy tissues. Five of the datasets chosen had 
healthy liver tissue while four of the datasets had patients 
with one of three diseases: hepatocellular carcinoma, primary 
liver cancer, and non-alcoholic steatohepatitis.

Initial normalization and clustering:
The patient data was imported into RStudio, and the 

Seurat library was imported into the workflow (Table 2). 
The different patient datasets were then converted into 
Seurat objects for further processing following the “Guided 
Clustering Tutorial” with the following modifications: Cells 
that either had an expression of over 2500 or less than 200 
were removed and the remaining data was normalized using 
the NormalizeData function (Figure 1). The different features 
that have the highest cell-to-cell variation got put in a subset 
for use in downstream analysis using the FindVariableFeatures 
function. This is an important step to take so that highly 
expressed ubiquitous genes don’t dominate in the downstream 
analysis. For the final step of the preprocessing workflow, the 
data was scaled so that the mean expression of each variable 
gene across cells was 0 and the variance across cells was 1. 

Next, cell-cycle scoring, and regression were performed on 
each of the data sets. Using the CellCycleScoring function, 
each cell got assigned a score based on the expression of 
G2/M and S phase markers genes. The data were then scaled 
again but this time the S and G2/M cell cycle scores were 
regressed out. Linear dimensionality reduction was done 
using the RunPCA function. This uses the variable features 
meta-data that was calculated in the pre-processing workflow. 
The dimensionalities of the data were defined by the “elbow” 
of the elbow plot of the principal component variance of each 
dataset and then clustered them using that information.

Defining gamma delta clusters:
Once the data was clustered, the gamma delta clusters 

needed to be specifically identified so that they could be 
subsetted out. This was done using the FIndAllClusters 
function. This function reads through each of the clusters 
and finds out the percent exposure of each gene. It stores 
that data in a table that shows the gene, cluster number, and 
the percentage expression of that gene. This data then got 
used in feature plots to see which clusters have the gamma 
delta T cell markers TRGC1, TRGC2, TRDC, CD3D, and 
CD3E. If a cluster expressed at least three of these marker 
genes, each at a minimum percent exposure of 40%, then it 
was considered a gamma-delta cluster. After confirming that 
the clusters of interest contain only gamma delta T cells, we 
subsetted those clusters out of each data set.

Harmony sample integration:
All the different subsets were then combined into a single 

Seurat object and put through the pre-processing pipeline 
again. Then we ran harmony on this Seurat object to converge 
the clusters from different datasets which would allow the 
processing to work better. This Seurat object was put through 
the downstream analysis pipeline to find the different gamma 
delta T cell clusters. To filter the cells even further, another 
subset was made with the clusters containing mostly gamma 
delta T cells. We then found the cytokine markers and cell 
surface receptors to characterize each cell (Figures 2 & 3). 
We then used this information and compared it with existing 
literature to find identify each of the cell types. 
Table 1: Description of all the datasets used in this study.  

ijhighschoolresearch.org



 55 DOI: 10.36838/v4i5.9

Table 2: What software was used.  

Figure 1: Diagram of workflow before Harmony sample reduction 
including sample code for one of the datasets. This pipeline was generalized 
for all datasets.  

Figure 2: A. Final UMAP of mostly gamma delta T cells. Most clusters 
represent a different subset of 𝛄δ T cells that needed to be analyzed. B. 
Heatmap showing the expression of the cytokines in each cluster. This 
gave us valuable information needed to characterize each cluster. Finds are 
discussed in the “Results and Discussion” section.  

Figure 3: A Heatmap showing the expression of all the cytokine and 
receptor genes in each cluster. This was the heart of my research and it 
allowed us to classify what type of gamma-delta T cells were there in all the 
liver datasets as discussed in the Final Analysis. The colored columns on the 
top represent the 8 clusters from the post-Harmony UMAP. All the genes in 
the UMAP are listed on the left and the yellow lines represent the expression 
of that gene in various parts of the clusters.   

Figure 4: A. UMAP of sc-RNA seq data from PMID: 30348985 with 
relative gene expression superimposed on a UMAP. Cluster 2 had 𝛄δ T cells. 
B. UMAP of sc-RNA seq data from SRA: SRP327611 with the relative gene 
expression superimposed on a UMAP. Clusters 3, 5, and 7 had 𝛄δ T cells.   

Supplemental Figure 1: A. UMAP of sc-RNA seq data from SRS: 
SRS3391632 with relative gene expression superimposed on a UMAP. 
Figure 12 contained some 𝛄δ T cells and was analyzed further. B. UMAP of 
sc-RNA seq data from SRA: SRP311823 with the relative gene expression 
superimposed on a UMAP. Cluster 12 contained some 𝛄δ T cells. C. 
UMAP of sc-RNA seq data from SRS: SRS3391629 with the relative gene 
expression superimposed on a UMAP. Cluster 14 had the 𝛄δ T cells.  
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�   Results and Discussion
Nine liver scRNA-seq data sets were downloaded from 

Panglao, Human Cell Atlas, NCBI, and single-cell atlas 
databases. These were imported into RStudio and converted 
into Seurat objects to be processed (Methods and Materials). 
After normalization and data filtering, UMAPs were 
generated for each data set and were analyzed. To identify 
the gamma-delta (𝛄δ) T cells, five different markers were 
used to locate them in the UMAP. A feature plot was used to 
represent the expression of the genes in each cluster. Clusters 
that expressed these markers were then further examined to 
make sure that they contained mostly gamma delta T cells.

Dataset 1:
For dataset 1 we identified 16 different clusters as can be 

seen in section A of Supplemental Figure 1. The featured plot 
showed that there was an expression of the genes of interest 
in cluster 12 (Methods and Materials). Closer analysis, 
however, reveals that not all of cluster 12 has only 𝛄δ T cells. 
This cluster was extracted, and a clustering pipeline was run 
through it to isolate the 𝛄δ T cells in their cluster. After this 
run, we extracted the cluster with the 𝛄δ T cells and created 
a subtype for this dataset to store these cells. This dataset had 
only healthy tissue cells.

Dataset 2:
This data set contained 19 different clusters and was unique 

in that it only contained the immune cells from the liver. This 
also meant that processing this data was much easier. The 
feature plots show clearly that the genes of interest are highly 
expressed in cluster 2 as can be seen in Figure 4, section A. We 
were able to then conclude that cluster 2 had mostly 𝛄δ cells 
with high certainty. This data set had only healthy tissue cells.

Dataset 3:
This dataset had only 12 clusters and appeared to have 𝛄δ 

cells in cluster 12, as can be seen in Supplemental Figure 1, 
section B. However, we determined that this was a low-quality 
dataset and that cluster 12 contained mostly alpha-beta T cells 
instead of gamma delta T cells. We still extracted this cluster 
out of this dataset, but it was filtered in post-processing. This 
dataset had some diseased tissue data.

Dataset 4:
This was one of the bigger datasets as it had 24 clusters, 

as shown in section C of Supplemental Figure 1, and it had 
only healthy tissue data. Looking at the feature plot shows 
clearly that cluster 14 is the 𝛄δ cells. The feature plots show 
high expression of the 𝛄δ specific genes as well as the T cell-
specific genes.

Dataset 5:
This data was small with only 9 clusters, and it had diseased 

tissue data. As the UMAP shows in section B of Figure 4, 
there weren’t many cells in this dataset either. The feature 
plots can be used to show that there was high expression of 
the genes of interest in clusters 3, 5, and 7. The TRDC and 
CD3 genes were highly expressed in those areas. We believe 
that it expressed a different type of TRGC gene because while 
TRGC1 was highly expressed in those clusters, TRGC2 
wasn’t.

Dataset 6:
This dataset had diseased cells and 12 clusters overall as 

shown in section A of Supplemental Figure 2. Based on the 
expression of the CD3 genes, we knew that clusters 4 and 5 
were T cell clusters. Looking closely at cluster 4 we could see 
that there were 𝛄δ cells at the bottom of it. We then isolated 
cluster 4 and ran it through the clustering pipeline again to 
extract the bottom part of that cluster to get only 𝛄δ cells.

Dataset 7:
This dataset also had diseased cells and had 15 clusters 

as can be seen in section B of Supplemental Figure 2. This 
was harder to analyze as the 𝛄δ cells were spread throughout 
multiple different clusters. We couldn’t extract clusters 1, 
2, and 6 since there would have been a multitude of other 
cells which we are not looking for. We decided to just extract 
out cluster 6 since it was the smallest of these clusters and 
would not contain too many other cells that would need to 
get filtered out later.

Dataset 8:
This dataset had only healthy cells and had 24 total clusters 

as is shown in section C of Supplemental Figure 2. It was very 
faint to recognize but cluster 12 has the highest expression of 
all the genes of interest. We believe that this cluster does have 

Supplemental Figure 2: A. UMAP of sc-RNA seq data from SRA: 
SRP305905 with relative gene expression superimposed on a UMAP. 
Cluster 2 had 𝛄δ T cells. B. UMAP of sc-RNA seq data from SRA: 
SRP305905 with relative gene expression superimposed on a UMAP. 
Clusters 1, 2, 3, and 6 had 𝛄δ T cells. C. UMAP of sc-RNA seq data from 
SRS: SRS3391631 with relative gene expression superimposed on a UMAP. 
Cluster 12 had 𝛄δ T cells. D. UMAP of sc-RNA seq data from SRS: 
SRS3391630 with relative gene expression superimposed on a UMAP. 
Cluster 7 had 𝛄δ T cells.    

Figure 4: A. PCA plot of the Seurat object with all the subsets before 
Harmony. B. PCA plot of the Seurat object with all the subsets after 
Harmony. This merged the subsets making it easier to analyze further.     
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the 𝛄δ cells but there might also be some alpha-beta T cells 
that were filtered through post-processing.

Dataset 9:
This dataset had healthy cells and was very big with 26 

clusters in total. This can be seen in section D of Supplemental 
Figure 2. Using the feature plots, we could see the high 
expression of these genes from mainly cluster 7. Using that 
information, we believe that some 𝛄δ cells in that cluster can 
be clustered out. We extracted those cells so that they could be 
further analyzed and filtered in the post-processing.

Harmony:
The harmony package was imported so that the different 

subsets would cluster together instead of being separate 
(Figure 4). The new UMAP with the harmony regression was 
processed again to ensure that there were mostly only 𝛄δ cells 
present. Then we defined the unique characteristics of each 
cluster such as cytokines and cell surface receptors.

Final Analysis:
We identified cluster 0 as Th2-like and it was also SAA1+ 

which was interesting as that is not common.⁹ This cluster ex-
pressed the CCL cytokines such as CCL3L3, CCL4, CCL3, 
and CCL5. Cluster 1 was identified as a T follicular helper 
cell.¹⁰ It also highly expressed certain CCL cytokines but it 
also expressed IFNG, TNFSF14, and CXCR4. We iden-
tified cluster 2 as a type of regulatory T cell that expressed 
SLAMF1 which is also a unique combination.¹¹ The most 
commonly expressed cytokine markers were different types of 
IL1. It also expressed certain CCR, IFNG, and TNF cyto-
kines. Cluster 3 contained effector memory CD8+ T cells but 
is also highly expressed the gene for an aquaporin.¹² We iden-
tified the cluster to be this gene based on the high expression 
of the CCR6 cytokine. Cluster 3 also expressed high levels of 
TGFB1, IFNGR1, TNFRSF18, IL2RA, and IL7R. Cluster 
4 had activated tissue-resident memory T cells. The highly 
expressed cytokines for this cluster include XCL2, XCL1, 
TNFRSF18, and TNFRSF1B. Cluster5 contained dying 
cells and Cluster 6 had hepatocytes so they weren’t further 
analyzed. Cluster 7 had Th2-like cells and the cytokines it ex-
pressed were IL10RA, IL2RG, TNFRSF4, LTB, TNFSF10, 
and XCL1. Cluster 8 didn’t have T cells, so it was not further 
analyzed.   
�   Conclusion
In this paper, we got nine different datasets from a total of 

four different databases. We then converted everything into 
Seurat objects so that they could be easily processed. After 
they were normalized and scaled, they were run through 
regression to remove any extraneous data. Finally, the cells 
were clustered and their UMAPs were generated so that they 
could be analyzed easier. For each dataset, a feature plot was 
created with the same five genes of interest: TRDC, TRGC1, 
TRGC2, CD3E, CD3D, and CD3G. The TRDC and TRGC 
genes are specific to gamma delta T cells and the CD3 genes 
are specific to all T cells so together they can show where all 
the 𝛄δ cells are in a dataset. Clusters with the 𝛄δ cells were 
extracted out of their original datasets and combined to create 
a dataset with only 𝛄δ cells. Previously discovered gamma delta 
T cells were researched to find out what signatures they had. 

Those were then compared to the data that we had extracted, 
and any new signatures meant that we had discovered a new 
type of 𝛄δ T cell subtype. One big strength of this study was 
that we used multiple different liver sc-RNA datasets. Other 
studies usually only analyze 1 dataset, so they get a limited 
amount of data but by using 9 different datasets as we did, we 
were able to get a much wider variety of data. We also used 
both healthy and diseased datasets. This added more cytokine 
receptors that we could have looked for and could also lead to 
a discovery of a new 𝛄δ T cell subset. A weakness of our study 
was that we had to rely on a computer program to sort and 
filter our data so we couldn’t make granular changes that we 
might have wanted. Additionally, the 𝛄δ T cell subsets that 
we created usually had a few other cells, although at very low 
expression levels. Regardless, this could have added variability 
to our data and affected our understanding of the results.

The purpose of this study was to identify new gamma delta 
T cell subtypes and their unique signatures. This would help 
future studies regarding 𝛄δ T cells as these cells will be more 
easily identifiable and, therefore, researchable. The uses for this 
kind of cell are numerous as it could be used to treat diseases 
that may suddenly appear or even cure cancer in a completely 
natural way. Currently, there are no complete cures to cancer 
even with modern technology and groundbreaking scientific 
research. Even though some treatments are present, none of 
them can guarantee survival. Cancer kills millions of people 
each year and there is no real way to stop or cure it permanently. 
CAR-T cell therapy has recently been developed to program 
T cells so that they can find a specific tumor or cancer cells 
and kill them immediately.¹³ Using 𝛄δ cells and their subtypes 
can allow scientists to try and cure cancer without having to 
edit the genome of the cell in the first place as the new cells 
we find might have the DNA sequence already needed to kill 
that specific cancer. This could save millions of dollars too as 
editing the genome is very expensive. Additionally, since this 
method of curing cancer would be completely natural, the side 
effects would be much less, if there are any at all.   
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ABSTRACT:The negative consequences of Instagram on young adults—in particular, its impact on body image—have become 
increasingly apparent and difficult to address. This research tested the efficacy of three nudge-style interventions (two moral) 
designed to ameliorate this issue compared to a non-nudge control. Using a sample of real Instagram posts made by same-gender 
influencers (N= 10, gender-matched), it was tested whether reading subtle nudges prior to scrolling the posts would lead to higher 
body acceptance, self-esteem, and/or self-compassion among a sample of mainly young adult (age range = 18-62, M= 18.69, SD = 
3.77) social media users (N= 320). A two-way ANOVA revealed that across male-identifying (N= 160) and female-identifying (N= 
160) participants, the interventions were associated with greater body acceptance in participants. The most successful intervention 
in the study included deontological language, indicating that a moral nudge could be an effective option to address body image 
issues caused by Instagram at their source. 

KEYWORDS: Behavioral and Social Sciences; Sociology and Social Psychology; Social Networking Sites (SNS); Instagram; 
Body Image.

�   Introduction
Social media has become a critical contributor to mental 

health issues in young adults.¹-³ One of the primary areas of 
concern is its impact on body image; the use of social network-
ing sites (SNS) has been linked with body dissatisfaction,⁴ 
eating concerns,⁵ and a higher drive for thinness.⁶ Contro-
versy is growing about the negative impact of Instagram, in 
particular, on adolescent body image. An image-based appli-
cation, Instagram promotes ideals of thinness and unrealistic 
beauty standards, which in turn raise body image concerns.⁷  
Researchers have documented the relationship between Ins-
tagram use and decreased body image,⁸-¹⁰ and a recent study 
reports that 32% of adolescent girls said that when they felt 
bad about their bodies, Instagram made these feelings worse.¹¹ 
This negative body image has been linked with self-esteem 
and social comparison, factors that contribute greatly to over-
all emotional well-being.¹²,¹³ 

Instagram influencers—people who develop a large follow-
ing and promote a certain lifestyle, product, or service to their 
fans—have emerged. Currently, over 500,000 active influenc-
ers operate on Instagram.¹⁴ Surpassing traditional aesthetic 
celebrities (e.g., fashion models) in popularity, Instagram in-
fluencers exhibit seeming perfection in their lives and attract 
a large base of users who wish to imitate their life, inspiring 
users to follow their endorsements.¹⁵ This new category of 
celebrities contributes to body concerns through promoting 
an idealized beauty standard,¹⁶ and scrolling through imag-
es of influencers can elicit unhealthy self-comparison and 
body dissatisfaction.¹⁷ The rampant editing of images posted 
on Instagram only exacerbates self-comparison and negative 
body image.⁴

Research on the topic of SNS and body image is exten-
sive, primarily centering on the link between time spent on 
SNS and decreased body image⁶,¹⁸ and increased self-com-

parison.¹⁷,¹⁹ However, studies have yet to identify a viable 
solution to address the issues. One strategy that appears 
promising is for users to view interventions before they scroll; 
recent research suggests that interventions can be effective 
at promoting higher body appreciation, acceptance, and es-
teem.²⁰ Further, text-based nudges are tractable, and social 
media platforms are already implementing them in a variety 
of arenas, from misinformation to hate speech. Pinterest, a 
leading social media site, has even blocked content for certain 
body image related trigger words, and instead links to dis-
ordered eating help and resources.²¹ Recently, interventions 
based specifically on moral frameworks have proven effective 
at influencing users in the context of the COVID-19 pan-
demic.²² Ethical frameworks being used in public health is 
not a new idea—moral language has been implemented across 
many domains.²³,²⁴ However, research is lacking on whether 
moral frameworks can be used as a tool for behavioral change 
in the context of body image concerns online. It is also evident 
that moral and emotional messages are more likely to spread 
around social media, suggesting that this morality could be 
harnessed by the network themselves to support body posi-
tivity.²⁵ Overall, moral messaging has been shown to be more 
persuasive than nonmoral appeals, leading to the inclusion of 
moral frameworks in this study.²⁶

This study tests whether three different interventions pos-
itively impact Instagram users’ body image, self-esteem, and 
self-comparison. Each of these factors have been shown to 
relate to one another.¹²,¹³ Each one measures a different but 
related aspect of body image concerns connected to social 
media use.²⁷- ²⁹ Therefore, it is important to measure each of 
these factors when exploring how body-image can be inter-
vened upon online. The interventions were given to a group 
of men (N=160) and women (N=160). Previous work suggests 
that there are differences in body acceptance, social compar
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ison and self-esteem across genders, with women generally 
reporting lower body satisfaction.³⁰,³¹ For this reason, partic-
ipants were shown posts made by same-gender influencers. 
This enabled testing whether there were differences between 
men and women in terms of the impact of moral messag-
es on body image. Two of the interventions (deontological 
and consequentialist) are based on established moral frame-
works. Deontology centers on duty and rule-based ideology, 
defining morality in terms of absolute right and wrong.³²,³³ A 
deontological intervention, therefore, would include a defin-
ing statement of duty or obligation in relation to body image. 
On the other hand, consequentialism asserts that the conse-
quences of an action are the main determinants of its moral 
worth. Utilitarianism, the most well-known branch of con-
sequentialism,³⁴ stresses the happiness of the majority as the 
goal consequence of any action.³⁵,³⁶ A utilitarian interven-
tion, therefore, might emphasize the widespread beneficial 
consequences of body positivity.³⁷ There was also a control 
intervention and a no-intervention control.

The first hypothesis was that all three interventions will 
have a positive impact on body acceptance in both men and 
women. As an additional, exploratory analysis, it was test-
ed whether there were gender differences in the impact of 
the intervention conditions across the three scales. The next 
hypothesis was that the interventions based on moral frame-
works would be more effective than the control intervention. 
The hope in exploring these hypotheses was to identify an 
effective approach to mitigating negative body image effects 
of Instagram use, thereby contributing to a healthier social 
media environment for users.
�   Methods
To test whether body appreciation is positively impacted 

by moral interventions, a 2x4 experimental design was con-
ducted. A non-random sample of predominantly young adult 
participants (age range= 18-62, M= 18.69, SD= 3.77) were 
provided with a link to the survey (N= 320). Approximately 
half of participants identified as male (“men”) and half as fe-
male (“women”). All participants were randomly assigned to 
view a moral or control intervention or to view no interven-
tion at all.  Two of the interventions were based on different 
moral frameworks: one was rooted in deontology, and one in 
consequentialism (as illustrated in Table 1). 

Procedure:
The study was conducted using the Qualtrics (Qual-

trics, Provo, UT) platform and distributed through online 
platforms. Participants were informed that the study was 
designed to investigate issues around body image on Insta-
gram. The survey began by showing participants one of three 
interventions (deontological, consequentialist, control) or no 
intervention. This condition was randomly assigned using 
Qualtrics. The interventions were displayed to participants as 
black text on a white background, using the standard Qual-
trics text block style.  After viewing these interventions, the 
participants were shown a series of real posts made to In-
stagram by influencers.³⁸ Immediately prior to viewing the 
posts, participants were told that the posts were genuine (i.e., 
posted to Instagram by platform users). Then participants 

were asked to complete three scales after viewing the posts. 
The first scale, the Body Acceptance Scale-2 (BAS-2), 
measures body acceptance, respect toward their body, and 
overall favorable opinions of their bodies.³⁹ The second 
scale, the Rosenberg Self-Esteem Scale (RSES), assesses 
general self-esteem.⁴⁰ The final scale, the Iowa-Netherlands 
Comparison Orientation Measure (INCOM), measures the 
social comparison of participants.⁴¹ Then, demographic data 
about the participants' basic information and social media 
habits were recorded, including questions such as “How often 
do you use Instagram?” and “How many accounts do you 
follow on Instagram?” 
�   Materials

Instagram Posts:
Participants scrolled through a series of 10 real posts made 

to Instagram by influencers. Female participants saw posts 
made by female influencers and male participants saw male 
influencers. The posts were adapted from an existing study 
that identified content published to Instagram by 784 health 
and wellness influencers in 2020.³⁸ The 20 most popular 
posts were sampled, 10 females and 10 males, to present to 
participants. Following the data-sharing terms of service of 
Instagram,⁴² examples of the posts used cannot be provided 
here. 

Body Acceptance Scale-2:
The BAS-2 consists of 10 items and uses a 5-point Likert 

scale ranging from 1 (Never) to 5 (Always). Higher scores 
indicate a higher body acceptance, and to calculate this score 
item responses are averaged. Items include “I respect my 
body” and “I am comfortable in my body.” Previous research 
shows strong internal consistency (Cronbach’s α = 0.97) and 
test-retest reliability (r= 0.77) in community and college 
samples of men and women.³⁹

Rosenberg Self-Esteem Scale:
The RSES consists of 10 items and uses a 4-point Likert 

scale ranging from strongly agree to strongly disagree. For 
items 1, 2, 4, 6, 7: Strongly Agree=3, Agree=2, Disagree=1, 
and Strongly Disagree=0. For items 3, 5, 8, 9, 10: Strongly 
Agree=0, Agree=1, Disagree=2, and Strongly Disagree=3. 
Higher scores indicate higher self-esteem, ranging from 0-30. 
Items include “I feel that I have a number of good qualities” 
and “On the whole, I am satisfied with myself.” Based on 
past studies, the scale has adequate internal consistency 
(Cronbach’s α = 0.77 to 0.88) and test-retest reliability (r = 
0.82 to 0.88).⁴³   

 
 

Table 1: The table outlines the three frameworks used as intervention 
options as well as the text that was displayed to participants.  
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INCOM Social Comparison Scale:
The INCOM Social Comparison Scale consists of 11 

items and uses a 5-point Likert scale ranging from “I disagree 
strongly” to “I agree strongly.” Items 5 and 11 are reverse coded. 
Items include “I often compare how I am doing socially (e.g., 
social skills, popularity) with other people” and “I always like 
to know what others in a similar situation would do.” Past 
research demonstrates consistent Cronbach's alphas ranging 
from .78 to .85 in 10 American samples.⁴¹
�   Results and Discussion
Results:
To test whether reading an intervention before viewing 

influencer content resulted in improved body image, a one-
way ANOVA was conducted. The results suggested that all 
three of the nudges were associated with higher scores on 
the BAS-2; consequentialist (M= 19.15), deontological (M= 
23.01), and control (M= 18.77) nudges were all associated 
with average scores that were significantly higher than 
those recorded by participants in the no-nudge control 
condition (M= 18.16), F(3, 316)= 222.11, p< .001. Post-hoc 
comparisons of the groups conducted using Tukey’s Honestly 
Significant Difference tests revealed that each condition 
was significantly different from the others, all ps< .01. This 
suggests that deontological nudges were associated with the 
highest body image after exposure to influencer content, 
followed by consequentialist and then the control nudges (see 
Figure 1). Again, these results replicated for the two other 
scales measured (RSES and INCOM), all ps< .05. Means and 
standard deviations for each of the measures are displayed in 
Table 2 

Although an independent samples t-test revealed that 
male-identifying participants had a higher average body 
image across conditions, t(318) = 14.65, p< .01, the pattern 
of results reported above was observed for both genders 
when tested separately. Additionally, a two-way ANOVA 
comparing intervention type (intervention or control) and 
gender (male or female) did not show a main effect of gender 
or an interaction between gender and intervention type for 
any of the three outcome measures, all ps> .05.

These findings were also robust to demographic differences. 
When participant age, subjective socio-economic status, level 
of education, and gender were entered into an OLS regression 

model, condition (entered as a categorical predictor) remained 
a significant predictor of BAS-2 scores, p< .001. Gender was 
the only predictive demographic factor, p< .05. When social 
media use frequency, measured using Guess et al 's method,⁴⁴ 
was entered into the model, it was not predictive.
�   Discussion
In this research, the two hypotheses were that 1) the 

interventions would positively affect body acceptance 
across both genders; and 2) the moral interventions would 
be particularly effective. The results that were obtained and 
analyzed supported the hypotheses, demonstrating that 
interventions are an effective and applicable tool to address 
body image issues. Moreover, the wide-reaching variables of 
self-esteem and social comparison were positively impacted, 
indicating the efficacy of interventions in addressing the 
foundational causes of poor mental health. The results also 
supported the superiority of moral interventions over the 
control variables; deontological nudges, in particular, were 
shown to be the most successful. 

While this research yielded new insights and supported 
the existing literature about interventions, it was limited 
by certain factors. For example, the lasting effects of the 
intervention were not tested, and therefore the benefits might 
only be short-term. The durability of the increased body 
positivity, self-esteem, and decreased self-comparison was 
also not measured; outside factors could potentially weaken 
the intervention’s positive effects. Additionally, though real 
Instagram posts were shown to the study participants, other 
variables could mitigate the effect of the intervention in a 
real-life setting.

Future research should focus on measuring the long-term 
impact and the durability of moral interventions. In addition, 
more research should be conducted to measure the efficacy 
of moral interventions on peer posts (non-influencer), with a 
closer simulation of the Instagram user experience.

All of the outcomes measured were trait-based and the 
research design did not include any state-based assessment 
of participants’ body image concerns. While it is important 
to demonstrate changes in trait measures following an 
intervention, one limitation of the present research which 
could be addressed by future work is the lack of measurement 
of any state-level changes brought about by the body image 
interventions.

A final limitation of the present work is that it did not 
precisely balance the language of the different interventions. 
For instance, the deontological intervention includes language 
which makes the “online environment” immediately salient, 
whereas the other interventions do not. Similarly, the 

Figure 1: Probability distributions of the z-scored BAS-2, RSES, 
and INCOM results in relation to the intervention type. The relative 
distributions of the intervention and control groups highlight that seeing an 
intervention improved body acceptance across scales.  

Table 2: Means and standard deviations for each intervention condition.  
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sentiment of the moral interventions is more positive than 
in the control intervention. Further work on the topic would 
benefit from normalizing and balancing the sentiment and 
content of the interventions.

Thus, although this research does not definitively provide 
a solution to body image issues on Instagram, it suggests an 
approach with known markers of success. Recent research 
corroborates the effectiveness of moral interventions in other 
realms (specifically, pertaining to a global health crisis).²²
�   Conclusion
Negative body image is a widespread problem across society 

that can be exacerbated by Instagram usage. Ironically, it is 
necessary to look to Instagram for solutions. This research 
demonstrates that thoughtfully crafted interventions, 
particularly moral nudges grounded in deontology, can 
increase body acceptance among Instagram users. People 
can be influenced, as evidenced by the thousands of accounts 
successfully posting product recommendations to their devout 
followers; Instagram should harness the power of influence to 
counter negativity and spread positivity among its millions of 
users. 
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ABSTRACT: Skin cancer is one of the most frequently diagnosed cancers across the world and studies have shown that 
patients with low psychological well-being (PWB) may have a poorer disease prognosis. Many factors, including social support, 
personality, and age, are predictive of cancer patients’ PWB. This study aimed to answer the question: Which factors are statistically 
significant predictors of skin cancer patients’ psychological well-being? An anonymous online survey promoted by national and 
international skin cancer organizations was utilized to answer this question. Four hundred seventy skin cancer patients from 
10 countries and 43 U.S. states responded, and 251 responses were complete and analyzed. Multivariate regression, analysis of 
variance (ANOVA), and t-tests determined the statistically significant predictors of patients’ PWB: conscientiousness, social 
support, stage of skin cancer, neuroticism, agreeableness, and mindfulness. Awareness of these factors by patients and medical 
teams alike and implementation of the strategies suggested in this paper to improve patients’ PWB may ensure that the next wave 
of incoming skin cancer patients doesn’t just survive but thrives.
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�   Introduction
Over many centuries, the word “cancer,” a disease caused 

by the overgrowth of cells and named for the crab-like shape 
of the tumors it can produce, has developed a connotation 
distinct from its definition, evoking feelings of pain, grief, 
and fear in many individuals. Cancer has become one of the 
most widely feared and infamous diseases across the world.¹-³ 
Moreover, cancer fatalism, the belief that cancer will inevita-
bly cause death regardless of treatment or intervention, has 
spread widely in ethnic groups, minorities, and the less-edu-
cated demographic.¹,³,⁴ But these beliefs are not unfounded… 
In 2018, about 9.5 million people died of cancer globally, with 
one of the highest death rates in the U.S.⁵-⁷ 

This study will focus on skin cancer, the most frequent-
ly diagnosed cancer in America.⁸ Skin cancer is primarily 
diagnosed as basal, squamous, or Merkel cell carcinoma or 
melanoma.⁶ More than two people die of skin cancer in the 
U.S. every hour and one in five Americans will develop the 
disease by the time they are 70.⁸

Over the past 50 years, there has been a growing focus on 
patients’ mental health, and a  field dedicated to the psycholog-
ical needs of cancer patients has emerged.⁹ Psycho-oncology 
is an interdisciplinary field focused on “the study of psycho-
logical, behavioral, and psychosocial factors involved in the 
risk, detection, course, treatment, and outcome (in terms of 
survival) of cancer.”¹² Psycho-oncologists are less concerned 
with the outcome of the disease as their main focus is to im-
prove patients’ quality of life.⁹

One major component of quality of life (QOL) is well-be-
ing, a cornerstone of modern psycho-oncologic research. 
Well-being has many classifications, including emotional, 
physical, and social well-being, but the focus of this study 
was psychological well-being (PWB).¹³ Dr. Carol Ryff of the 

University of Wisconsin-Madison is best recognized for her 
6-factor model of psychological well-being, which illustrates 
PWB as a product of self-acceptance, positive relations with 
others, autonomy, environmental mastery, purpose in life, and 
personal growth.¹⁴

Furthermore, well-being is a state that is associated with 
higher levels of mental and physical health.¹⁵-¹⁷ Therefore, 
psychological interventions aimed at improving one’s PWB 
could have major implications for the future of oncology. 
Many longitudinal studies and meta-analyses affirm that 
psychological well-being, whether defined as “flourishing,” 
positive mental health, etc., correlates with lower mortality 
rates and optimal disease prognosis.¹⁵-¹⁷ On the other hand, 
depression has been associated with worse survival rates 
among cancer patients.¹⁸

There is a clear correlation between a patient’s psycholog-
ical well-being and the outcome of diseases, including skin 
cancer. However, for psycho-oncologists to make beneficial 
psychological interventions for patients, they need to know 
which factors most impact psychological well-being. Prior 
research has primarily focused on the impact of one factor 
or group of factors (e.g., solely demographics) on cancer pa-
tients’ well-being, but no study that the author is aware of 
has examined them collectively. This gap led to the research 
question: Which factors are statistically significant predictors 
of skin cancer patients’ psychological wellbeing? As the num-
ber of cancer patients and survivors in the U.S. is expected to 
increase to 26.1 million by 2040, finding the answer to this 
question is paramount for psycho-oncologists to improve the 
PWB of skin cancer patients and, potentially, their survival 
rates as well.¹⁹
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Literature Review:
The factors that will be examined can be grouped into 

five categories: individual, medical, lifestyle, social, and 
environmental. 

Beginning with individual factors, the sub-factors that will 
be investigated are demographics (gender, ethnicity, and age) 
and personality. The author is not aware of a study that has 
examined the impact of gender on cancer patients’ PWB spe-
cifically. However, women are more prone to anxiety and fear 
than men, which likely impacts their PWB.²⁰ Furthermore, 
a study examining gender differences in mental illnesses and 
quality of life among 351 cancer patients found that “in gen-
eral, women experienced more depression, anxiety and poorer 
QOL (quality of life) than men did.”²¹ However, some mental 
health trends in the general population don’t apply to cancer 
patients. Further research illuminated gender differences in 
depression among cancer patients and the general population 
in a longitudinal study of 10,317 individuals; men without 
cancer generally had fewer depressive symptoms than wom-
en, while men with cancer generally had more depressive 
symptoms, which is contradictory to earlier findings.²² In 
summary, there isn’t a consensus on which gender experienc-
es poorer psychological well-being following cancer diagnosis 
and the subsequent development of mental illnesses.

While it is unclear how gender impacts PWB, numerous 
studies have indicated that age is positively correlated with the 
psychological well-being of cancer patients.²¹,²³ Thus, older 
patients generally have higher PWB than younger patients, as 
these individuals experienced less anxiety and depression and 
a higher mental QOL.²¹ Subsequently, a meta-analysis of 37 
studies analyzing the impact of various factors on cancer sur-
vivors’ QOL also found that cancer patients’ PWB improves 
with age.²³

Ethnicity has not been directly associated with cancer pa-
tients’ PWB, but the growth of various ideologies like cancer 
fatalism in certain ethnic groups may indirectly affect it.¹-⁴ 
The prevalence of cancer varies between ethnicities, with 
non-Hispanic black males having the highest incidence 
overall, despite having a lower perceived risk and fewer can-
cer worries.⁴,²⁴ An analysis of the prevalence of depression 
among cancer patients by race and sex found that depres-
sion rates were “highest among black men, followed by white 
women, black women, and white men.”²⁵ Thus, black men’s 
apathy towards cancer may contribute to depression once the 
reality of their diagnosis sets in. These studies hint that the 
psychological well-being of black skin cancer patients would 
be poorer than that of Caucasians due to their fatalistic be-
liefs and depression rates, but the author is not aware of a 
study that has directly measured this.¹-⁴,²⁴,²⁵

The next individual factor, personality, is defined by the 
American Psychological Association as “individual dif-
ferences in characteristic patterns of thinking, feeling and 
behaving.”²⁶ Research has affirmed that personality impacts 
a patient’s adaptation to cancer and possibly their progno-
sis.²⁷ This study will focus on the Big Five personality traits: 
extraversion, being outgoing and sociable; agreeableness, be-
ing cooperative, trusting, and sympathetic; openness, being 

curious, creative, and imaginative; conscientiousness, being or-
ganized, diligent, and self-disciplined; and neuroticism, being 
anxious, stressed, and irritable.⁵⁶ A 2009 study determined 
that extraversion, conscientiousness, and neuroticism were 
correlated with PWB.²⁸ A later study advanced this notion 
by analyzing the impact of all Big Five personality traits on 
an individual’s PWB using a survey of 286 Australian indi-
viduals.²⁹ All traits were significantly correlated with PWB, 
with an individual's lifestyle choices also have significant 
impacts on their physical and psychological well-being.³⁵-⁴⁵ 
This study will focus on three main lifestyle choices: nutri-
tion, physical activity, and mindfulness practice.

Moreover, certain personality traits like resilience may 
explain the variation in cancer patients’ PWB at different 
stages of the disease, which leads into the next category of 
factors: medical. Most types of skin cancer have five stages 
(0-4) that are classified based on the tumor’s size and level of 
invasiveness.³² A retrospective observational found that the 
well-being of early-stage cancer patients is generally lower 
than that of the general population, while that of late-stage 
cancer patients is sometimes even higher than that of the 
general population.¹¹ These disparities could be attributed to 
post-traumatic growth (PTG) or the act of benefit-finding 
(BF), two names for a phenomenon in which resilient indi-
viduals who actively cope with traumatic experiences gain a 
positive outlook on life and undergo personal betterment.³³,³⁴ 
“Individuals with stage 2 disease had significantly higher BF 
scores than those with stage 4 or stage 1 cancer. Time since 
diagnosis [was] not related to BF.”³⁴ Therefore, a patient’s 
stage of cancer is the only medical factor that is currently 
believed to impact their psychological well-being. Based on 
the current literature, it can be hypothesized that skin cancer 
patients in the middle stages (2 and 3) would have the highest 
PWB.

Cancer Society claims that nutrition is essential to cancer 
patients’ wellbeing.³⁵ A meta-analysis by Li et al. expounded 
this notion by analyzing 21 studies regarding diet and de-
pression from 10 countries and determining that the Western 
dietary pattern (consisting of red meat, refined starches and 
sweets, and high-fat foods) was associated with an increased 
risk of depression,³⁷ which suggests that nutrition quality is 
related to PWB. Conversely, a study involving 100,000 wom-
en determined that diet quality has a positive correlation with 
optimism, which also contributes to PWB.³⁸,³⁹

Cancer patients are also encouraged to get physical activi-
ty to mitigate symptoms.³⁶ A 2010 meta-analysis found that 
exercise interventions improved the QOL of cancer survivors, 
which is consistent with later findings.⁴⁴,⁴⁵ Thus, patients 
who exercise are more likely to have higher PWB.

Mindfulness, “the state of being attentive to and aware 
of what is taking place in the present,” has been shown to 
boost wellbeing and is becoming increasingly implemented in 
cancer care.⁴⁰,⁴¹ One study determined that mindfulness was 
“associated with higher pleasant effect, positive affectivity, 
vitality, life satisfaction, self-esteem, optimism, and self-ac-
tuality” among cancer patients.⁴¹ Furthermore, a study of 
Japanese breast cancer patients found that mindfulness-based 
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cognitive therapy improved patients’ PWB.⁴³ Thus, 
mindfulness has a definite impact on cancer patients’ 
psychological well-being, but the relative significance of this 
variable is unknown.

Numerous studies have shown that social support, “the 
provision of assistance or comfort to others, typically to 
help them cope with biological, psychological, and social 
stressors,” improves one’s well-being.⁴⁶-⁵⁰ For example, a 
study conducted using questionnaires and health surveys 
taken by 351 cancer patients determined that social support 
was positively correlated with psychological adjustment. and 
QOL.⁴⁷ Therefore, patients with greater social support have 
higher PWB.
�   Methods
An online survey was chosen as the research instrument 

for this study because of its ability to reach a diverse sample 
of skin cancer patients, its convenience for individuals with 
internet access, and the relatively short time commitment 
required to participate.

Measures/Instruments:
The survey included 16 constructs that assessed the 

factors that could influence a skin cancer patient’s PWB. 
No personally identifiable information was collected in this 
anonymous survey and respondents were asked for their 
consent before beginning.

Medical variables were measured using 5 research-
developed questions that assessed the patient’s time of 
diagnosis, treatment history, type and stage of skin cancer, 
and response to treatments.³²,⁵³-⁵⁵

Personality types were measured using the Big Five 
Personality Assessment developed by John and Srivastava 
in 1999, a 44-item questionnaire that measures extraversion, 
conscientiousness, agreeableness, openness, and neuroticism 
using a 5-point Likert scale.⁵⁶ Individuals’ scores for each 
item relating to a certain trait were averaged to calculate their 
overall score for each of the five personality traits.

Nutrition was measured using an assessment developed by 
the Vitality Group, a global organization that helps individuals 
live healthier, for use by health insurance companies.⁵⁸ The 
assessment consists of 11 questions that measure various 
aspects of one’s diet, including fruit and vegetable intake, salt 
consumption, and refined carbohydrate consumption. The 
question concerning diet satisfaction was omitted. Scores 
were calculated by summing all items. 

Carol Ryff ’s 18-item psychological well-being scale, 
developed for the 2004-2006 Midlife in the United States 
(MIDUS) study, was utilized to measure PWB.⁵⁹ This scale 
measures autonomy, environmental mastery, personal growth, 
positive relations with others, purpose in life, and self-
acceptance (the 6 facets of PWB) using a 7-point Likert scale. 
Overall PWB scores were calculated by averaging individuals’ 
subscale scores. Cronbach’s Alpha was 0.792.

The Perceived Support Scale developed by Krause and 
Borawski-Clark was used to measure social support.⁶⁰ It 
consists of ten categories of questions on a 4-point scale that 
measure how often, ranging from “never” or “not at all” to 

of social support, including “Contact with Family” and 
“Emotional Support.” The questions relating to “Support 
Provided” and “Satisfaction with Support Received” were 
omitted. Scores were calculated by averaging all items. The 
Cronbach’s Alpha for this scale was 0.817.

The exercise was measured using a condensed version of 
the Global Physical Activity Questionnaire (GPAQ), an 
assessment developed by the World Health Organization 
that asks questions about exercise related to work, travel, 
recreational activities, and sedentary behavior.⁶¹ Patients’ 
scores were calculated by summing all items.

The Mindful Awareness Attention Scale (MAAS), 
developed and validated by Brown and Ryan in 2003, 
assessed patients’ mindfulness.⁴¹ This 15-question instrument 
evaluates the frequency that one experiences certain incidents 
or emotions using a 6-point Likert scale. Redundant questions 
were removed, which condensed the scale to 10 questions. 
Scores were calculated by averaging all items. The Cronbach’s 
Alpha was 0.836.

Next, respondents were asked questions regarding four 
aspects of their demographic background: age, gender, 
ethnicity, and marital status.⁶²

Respondents were asked for their zip code to assess the UV 
index. In the analysis process, Google was used to determine 
the cities represented by these zip codes. Then, the cities were 
searched on Weather Atlas (a website with global climate 
data) to determine the average year-round UV index in each 
city.⁶³

An open-response question was written to conclude the 
survey: “If you would like, please share what has helped you 
the most during your skin cancer experience.”

Procedures:
Several national and international skin cancer organizations 

were contacted and asked to promote the survey. The 
Melanoma Research Alliance, the AIM at Melanoma 
Foundation, the Melanoma Research Foundation, the Skin 
Cancer Foundation, and Outrun the Sun posted the survey 
on at least one of their social media platforms, including 
Twitter, Instagram, Facebook, and YouTube.

The data were analyzed in SPSS version 26 using 
multivariate regression, one-way ANOVAs, and independent 
sample t-tests to determine the statistically significant 
predictors of skin cancer patients’ PWB.

Participants:
Approximately 470 skin cancer patients from 10 countries 

and 43 U.S. states responded to the survey, 251 of which 
submitted nearly complete responses and were included in 
the data analysis. Twenty-four percent of respondents were 
in each of the age ranges of 30-39, 40-49, and 50-59. In 
addition, 88% of respondents were female and 11% were 
male. About 97% of participants were white or Caucasian, 2% 
were Hispanic or Latino, 1% were American Indian or Alaska 
Native, and 0.4% were Asian. Most participants (74%) were 
either married or in a domestic partnership, while the others 
were never married (15%), separated or divorced (10%), or 
widowed (1%).
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Most respondents (69%) were either diagnosed with skin 
cancer between the present day and nearly two years ago 
or over eight years ago. The majority (88%) had melanoma 
which is likely because three of the organizations that 
promoted the survey were melanoma-focused. The second-
most prevalent type of skin cancer was basal cell carcinoma 
(25%). Furthermore, stages 1 and 3 patients each represented 
26% of survey respondents, while stage 4 patients represented 
24%. Respondents received a variety of treatments, with 
excisional surgery (85%) and immunotherapy (33%) being 
the most common. Most respondents’ tumors exhibited a 
complete response to treatment (i.e., disappeared completely).
�   Results
Quantitative:
Multivariate linear regression, a statistic that determines 

if independent variables are predictive of the dependent 
variable, was performed comparing 12 quantitative variables 
to PWB. Variables that were included were conscientiousness, 
agreeableness, openness, extraversion, neuroticism, social 
support, nutrition, exercise, mindfulness, UV index, stage of 
cancer, and time since diagnosis. The questions measuring 
these variables were grouped into indices, which gave 
participants a score for each index. Means for each index are 
displayed in Table 1

The regression analysis shown in Figure 1 indicated that 
these 12 variables accounted for approximately 48.7% of the 
variance in respondents’ PWB (R²= .487) and collectively 
were statistically significant predictors of PWB. 

P-values of less than .05 were required to classify 
an individual variable as significant.⁶⁴ After the initial 
examination of p-values, the regression analysis was trimmed 
for precision to include only the variables that were shown to 
be significant in the first analysis. Six factors were shown to be 
significant predictors of skin cancer patients’ PWB (in order 
of importance): conscientiousness (β= .239, p= .000), social 
support (β= .219, p= .000), stage of skin cancer (β= -.179, p= 
.001), neuroticism (β= -.188, p= .007), agreeableness (β= .145, 
p= .013), and mindfulness (β= .154, p= .019).

ANOVA (analysis of variance) was used to assess 
differences in mean PWB scores among variables with more 
than two categorical groups⁶⁴: age, marital status, response 
to treatment, and type of skin cancer. Independent samples 
t-tests served the same purpose but for variables with only 
two possible groups: gender, ethnicity (white vs. non-white), 
and treatments received (radiation vs. no radiation). Figure 
2 shows these factors and the tests used to assess the PWB 
differences among groups. 

Among demographic variables, age, gender, and ethnicity 
were shown by ANOVAs to not have significant differences 
in PWB (p > .05). However, marital status was shown to be 
significant [F(5, 242) = 2.341, p = .042]. Figure 3 shows that 
married participants had the highest PWB, while widowed 
patients had the lowest PWB.

Analysis of the medical variables revealed that the amount 
of time since diagnosis, type of skin cancer, and response to 
treatment(s) did not show significant differences in PWB 
(p> .05). In terms of treatments received, chemotherapy, 

immunotherapy, cryotherapy, excisional surgery, Mohs 
surgery and photodynamic therapy were all insignificant as 
well (p> .05). However, radiation treatment was significant 
to respondents’ PWB [t(249)= .324, p= .020]. Figure 4 shows 
that patients who were treated with radiation experienced 
lower PWB than those who were not.

Qualitative:
Out of the 470 total responses, 307 responded to the 

open-response prompt. After each response was analyzed, 
28 themes were deduced, each of which was exhibited in 
at least one response, while some responses displayed more 
than one. These themes were divided into five categories 
(shown in Table 2): social, medical, personality, lifestyle, and 
miscellaneous. 

Table 1: Mean index scores.  

Figure 1: Regression analysis of factors that predict skin cancer patients’ 
PWB.  
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The most frequently expressed theme was family, which 
included one’s immediate and extended family and spouses/
partners. A quote that exemplifies this theme is from a 

respondent who claimed that what helped the most was 
“looking at my daughter and knowing she needs me and I 
need her.” Another wrote, “My wife for her care and concern.”

The second most prevalent theme was centered around 
medical teams, which was mentioned in 44 out of 307 
responses and ranged from discussion of oncologists and 

surgeons to nurses and physicians’ assistants. Care, skill, 
honesty, and patience were the most cited characteristics of 
a good medical team. One respondent wrote, “My oncologist 
is very thorough, and she seems to care.” Another claimed 
that her “phenomenal Mohs surgeon” had been crucial to 
her cancer-free status. Though most types of treatment 
were found to be insignificant to PWB, many respondents 
mentioned that they were more pleased with medical teams 
who were “up on all of the latest treatments.”

The next most frequently expressed theme was a community 
support system, which included friends, co-workers, 
neighbors, etc. One patient wrote that the most beneficial 
things were “close people in my life who listened and cared 
about my experience and fears.” Another patient wrote that 
“having supportive people who didn’t see melanoma as ‘just 
skin cancer’…helped immensely as well.”

Overall, the majority of responses were heavily focused on 
social support, whether it was from family, friends, or fellow 
skin cancer patients.
�   Discussion
The question that this study aimed to answer was: Which 

factors are statistically significant predictors of skin cancer 
patients’ psychological well-being? 

Interestingly, three out of the six significant predictors of 
skin cancer patients’ PWB were personality types (neuroticism, 
agreeableness, and conscientiousness). Consistent with the 
previous literature, patients with high levels of agreeableness 
and conscientiousness had higher psychological well-being, 
while patients exhibiting high levels of neuroticism had 
lower psychological well-being.²⁸-³¹ However, two out of the 
five personality traits (extraversion and openness) were not 
significant to PWB, contradictory to prior research.²⁹

Conscientious individuals have a “tendency to be 
responsible, organized, hard-working, goal-directed, and to 
adhere to norms and rules.”⁶⁶ Patients with this personality 
type may be more likely to follow their treatment plans and 

Figure 2: ANOVAs and t-tests.  

Figure 3: Mean PWB index scores by marital status.  

Table 2: Thematic analysis: “If you would like, please share what has helped 
you the most during your skin cancer experience.”   

Figure 4: Mean PWB index scores by receipt of radiation treatment.  
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doctor’s instructions, get frequent skin checks, and be diligent 
about wearing sunscreen, hats, and protective clothing to 
prevent further skin damage. These habits could reduce 
patients’ stress and give them peace of mind.

Agreeable individuals are kind, cooperative, polite, 
and empathetic.⁶⁷ This could contribute to higher PWB 
because these individuals are more likely to develop positive 
relationships with others (including their oncologist) and 
establish a strong support system, which has been shown by 
this study and numerous others to increase PWB. 

Neuroticism, the only Big Five personality trait that is 
negatively correlated with PWB, contributes to anxiety 
and depression.³⁰, ³¹ Skin cancer patients who are neurotic 
likely worry about their disease progressing, dwell on their 
past mistakes, and fear death. Thus, these findings stress the 
importance of diligence, cooperation, and stability in cancer 
patients. Fortunately, studies have shown that personality is 
malleable and capable of being changed over time.⁶⁸, ⁶⁹

Overall, social support was the statistically significant 
predictor of PWB with the second-highest Beta coefficient. 
In the thematic analysis section, most respondents answer the 
question asking about beneficial aspects of their experience 
related to social support. Furthermore, ANOVAs illustrated 
that marital status (a major facet of social support) was 
significantly related to PWB. The means plot in Figure 3 
shows that married skin cancer patients had the highest 
PWB, which is consistent with prior findings.⁴⁸, ⁴⁹

Another significant predictor of PWB was mindfulness. 
Mindfulness is related to higher levels of psychological 
well-being because it may prevent skin cancer patients from 
dwelling on the past or thinking too far into the future, which 
is important for an unpredictable disease like cancer. This 
conclusion is in line with previous studies that determined 
the benefits of mindfulness for cancer patients.⁴⁰-⁴³

Consistent with prior findings,³⁴ stage of cancer was a 
significant predictor of PWB. However, the trend observed in 
previous research in which patients in stages 2 and 3 had the 
highest PWB was not illustrated by the data. In this study, the 
stage of cancer was negatively correlated with patients’ PWB; 
patients in higher stages had poorer PWB.

Nearly all of the most common skin cancer treatments (ex-
cisional surgery, chemotherapy, immunotherapy, cryotherapy, 
Mohs surgery, and photodynamic therapy) showed no sig-
nificant differences in PWB. However, patients who received 
radiation had significantly lower PWB than those who did 
not. Unfortunately, the word “radiation” has a negative con-
notation for many cancer patients who have misconceptions 
about its safety.⁷⁰ Thus, patients who receive this treatment 
may be apprehensive of the outcome, leading to worry and 
decreased PWB. In reality, radiation is considered a successful 
treatment for basal and squamous cell carcinomas as 90% of 
patients who receive it are cured within 5 years.⁷¹ Therefore, 
healthcare providers should work to amend the reputation 
of radiation therapy to ensure that patients who receive this 
treatment are confident in its efficacy and maintain high 
PWB. 

The regression analysis suggested that nutrition, exercise, 
meditation, UV index, and time since diagnosis were not sta-
tistically significant predictors of PWB. Contrary to prior 
findings,²¹,²³,²⁵ neither age, gender, nor ethnicity was found to 
be significantly related to PWB by ANOVAs.

Thematic Analysis:
Many of the factors that participants mentioned in the 

open-response question were also found to be significant 
predictors of PWB in the regression analysis. For example, 
social support, mindfulness, and conscientiousness were all 
mentioned directly or indirectly by at least one respondent. 
However, some variables that were not measured in the survey 
were mentioned in the qualitative section, including religion, 
gratitude, and humor. This makes sense as the R-squared value 
of 0.487 indicates that approximately 50% of the variance in 
skin cancer patients’ PWB was accounted for by variables not 
included in the survey. Thus, future research should attempt to 
identify the remaining variables that are significant predictors 
of skin cancer patients’ PWB.

Implications:
The findings of this study led to the creation of four strat-

egies that psycho-oncologists could pursue to improve the 
PWB of skin cancer patients: 1) recognize that patients in 
higher stages have the poorest psychological well-being and 
provide these patients with more intense interventions; 2) 
suggest that cancer patients complete a personality assess-
ment following diagnosis to identify psychological strengths 
and weakness to tailor their psychological intervention plan 
around; 3) implement mindfulness-based intervention prac-
tices; 4) ensure that patients have adequate social support and 
recommend support groups to patients who are lacking in this 
area.

Moreover, patients with mental disorders characterized 
by neuroticism (anxiety, OCD, etc.) should be referred for 
psychological assessment and intervention to mitigate the 
negative effects of this personality type on their psychological 
well-being.

Limitations:
Due to COVID-19, the distribution of the survey was re-

stricted to skin cancer organizations’ social media platforms 
as opposed to hospitals and cancer centers, which could have 
reached a larger and more diverse sample of patients.

In addition, the survey could not assess every factor that 
could be related to PWB since it had to be short enough for a 
sufficient number of patients to respond to its entirety.

Despite research suggesting that nutrition and exercise may 
be predictive of patients’ PWB,³⁵-³⁸,⁴⁴,⁴⁵ these factors were not 
shown to be significant in the regression analysis. A possible 
cause of this could be that the assessment used to evaluate 
patients’ nutrition was not widely used and/or validated in re-
search.

Furthermore, there was a lack of ethnic diversity among re-
spondents as 97% of respondents were Caucasian, which may 
have prevented PWB differences from being observed based 
on ethnicity. In addition, 88% of respondents were female, 
which could explain why gender did not show differences in 
PWB either. Since the majority of respondents were white 
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females, this study may not be generalizable to the global skin 
cancer patient population.
�   Conclusion
Oncology is a field that is constantly evolving, with 

new advancements in treatments, screening techniques, 
and surgical methods being discovered rapidly. But the 
vital aspect of cancer care that is often unacknowledged is 
tending to patients’ psychological well-being. Research in 
psycho-oncology has greatly ameliorated this relative lack of 
attention, helping doctors better understand patients’ needs. 
A quote by William Osler, “the father of modern medicine,” 
best exemplifies this philosophy: “The good physician treats 
the disease; the great physician treats the patient who has the 
disease.”⁷², ⁷³

It is especially important to ensure that cancer patients are 
conscious and attentive to their psychological well-being due 
to the likely relationship between PWB and cancer prognosis. 
Whether or not this theory holds, it is important to prioritize 
the psychological well-being of skin cancer patients to ensure 
that these individuals live happy, healthy lives.

The unique holistic approach utilized in this study yielded 
important findings for skin cancer patients and their providers, 
addressing a major gap in the field. All skin cancer patients 
should be aware of the factors that are most predictive of 
high psychological well-being: high levels of the personality 
traits of conscientiousness and agreeableness and low levels of 
neuroticism; earlier stages of cancer; mindfulness; and social 
support.

Skin cancer is likely never going to disappear. Therefore, all 
cancer centers have the responsibility to make the experience 
as stress-free as possible for their patients. With increasing 
numbers of Americans predicted to develop cancer in the 
coming years, it is paramount that psycho-oncologists 
ensure that patients thrive, not just survive. Implementing 
the interventions proposed in this study to enhance patients’ 
psychological well-being could be a vital step toward ensuring 
skin cancer patients can achieve equal levels of long-term 
happiness and well-being as their peers. 
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ABSTRACT: Asthma is a chronic disease that harms both adults and children, causing symptoms such as debilitating shortness 
of breath, wheezing, coughing, and in severe cases, even death. There is no cure for asthma, only therapies that can help control 
asthma symptoms. One significant, under-examined possibility for a supplement to these therapies is dietary fiber. Dietary fiber, 
found in various everyday foods including grains, fruits, and vegetables, can maintain gut health and a balanced gut micro-biome, 
which improves the body’s immune system and overall health. This paper will review evidence for the relationships between 
asthma and dietary fiber - specifically how dietary fiber could be used as a supplementary therapy. One of the byproducts of the 
fermentation of dietary fiber are short-chain fatty acids (SCFAs). One significant function of SCFAs is that they can regulate the 
production of cytokines. This review paper will examine the benefits of dietary fiber on asthma through SCFA production and 
the resulting decrease in pro-inflammatory cytokines and increase in anti-inflammatory cytokine. This paper will reveal gaps in 
knowledge in which clinicians may examine how diet can affect inflammatory diseases like asthma.

KEYWORDS: Biomedical and Health Sciences; Nutrition and Natural Products; Asthma; Dietary Fiber; Cytokines. 

�   Introduction
In 2019, 262,000,000 people were affected by asthma and 

461,000 of these people died from the condition.¹ Asthma is 
a disease in which an inflammatory response causes tighten-
ing around the airways, leading to symptoms such as chest 
tightness, wheezing, coughing, and even death due to asphyx-
iation. This chronic inflammatory disease affects both adults 
and children.¹,² The connection between the inflammatory 
response in asthma and dietary fiber has not been extensive-
ly reviewed when taking cytokine pathways and short-chain 
fatty acids (SCFAs) into consideration. By further examining 
this process, dietary fiber can be applied as a supplement to 
asthma treatments and benefit the many people who suffer 
from asthma.  

Dietary fiber, a soluble or insoluble carbohydrate found 
in plants, has many health benefits including the mainte-
nance of gut health.³ Dietary fiber, when fermented in the 
gut, causes the production of many metabolites. Some of 
these metabolites are SCFAs, which signal immune cells, and 
most significantly regulate cytokine levels. Because an excess 
amount of cytokines can have harmful effects as found in 
many inflammatory diseases, regulating these cytokines can 
reduce the severity and symptoms of asthma. This study will 
review the existing research about dietary fiber, SCFAs, and 
cytokines in the context of asthma to connect dietary fiber to 
asthma as a potential supplement for asthma treatment. 
�   Discussion
Asthma:
Asthma is a debilitating disease that comes in different 

forms, therefore, there are many existing therapies to help 
control asthma symptoms. For long-term asthma, control 
medications include inhaled corticosteroids and long-acting 
beta-agonists (LABAs). Inhaled corticosteroids are anti-in-

flammatory drugs that reduce the swelling of the airways. 
This therapy can stunt growth in children, as well as cause 
irritation in the mouth and throat of patients. LABAs, on the 
other hand, widen the bronchi, and this therapy can only be 
used as a supplement to inhaled corticosteroids. Therapies 
that provide fast relief include oral corticosteroids. Oral cor-
ticosteroids are used for very severe and sudden symptoms; 
they have side effects such as stunted growth, osteoporosis 
(the thinning of bone), cataracts, etc. For allergic asthma, 
treatments include allergy shots, which initially, are typical-
ly administered weekly.⁴ There is a need for more treatment 
options because these therapies do not work for every patient 
with asthma, some have adverse effects, and some are incon-
venient for patients.  

The inflammatory response that defines asthma is driven 
by certain immune cells, the major players being eosinophils, 
neutrophils, and macrophages. Eosinophils are granulocytes 
that are signaled to the site of infection, and they are high-
ly active in allergy and asthma. Too many eosinophils in the 
blood, lungs, and sputum can lead to eosinophilic asthma, in 
which the respiratory system and airways are blocked. High 
levels of eosinophils can also lead to a risk of asthma attacks,⁵ 
which include the exacerbation of symptoms due to the tight-
ening of the muscles around the airways.⁶ Neutrophils are 
also granulocytes, and they are highly active in most immune 
responses. In asthma, neutrophils are initially recruited when 
the body is experiencing an allergic reaction. Neutrophils cause 
broncho-constriction and bronchial hyperreactivity, as well as 
recruit other immune cells that can aggravate the condition. 
Because they aggravate asthma, clinicians use neutrophils as 
inflammatory markers.⁷ Macrophages are phagocytes, and 
they can directly engulf and destroy pathogens. However, they 
are also able to recruit neutrophils and eosinophils, in addition 
to other immune cells that can worsen the condition.⁸ 
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Other immune cells that drive the inflammatory response in 
asthma are mast cells and type 2 T helper cells (Th2). Mast 
cells are recruited by the asthmatic airway smooth muscle and 
induce bronchial hyper-responsiveness.⁹ Th2 cells cause an 
inflammatory response to harmless particles leading to bron-
chial hyper-responsiveness.¹⁰ However, one of the driving 
forces in the inflammatory response of asthma is the role of 
cytokines, which are chemical messengers for immune cells 
in asthma.

Cytokines:
Cytokines’ effects on inflammation and disease progression 

are a common topic of discussion in the COVID-19 crisis.¹¹ 
Cytokines are peptides that initiate cellular signaling 
between immune cells and contribute to the immune and 
inflammatory response. Interleukins (IL), chemokines 
(CCL), interferon (IFN), and tumor necrosis factor (TNF) 
are all types of cytokines that function and are secreted 
differently. Pro-inflammatory cytokines are molecules that 
signal and recruit immune cells in immune response and 
inflammation. Though these pro-inflammatory cytokines 
can help the body fight infection, an excess of these cytokines 
can harm the body, especially in inflammatory diseases like 
asthma. Anti-inflammatory cytokines, however, can regulate 
the secretion and function of pro-inflammatory cytokines 
and the severity of immune response.¹² Healthy conditions 
depend on maintaining the proper balance between pro-
inflammatory and anti-inflammatory cytokines.

Information about the specific function and role of cyto-
kines in asthma can be found in Table 1. In the lung tissue 
of patients with asthma, there are increased amounts of cy-
tokines IL-4 and IL-13,¹³ and in the sputum, IL-6, IL-8, 
and IFN-γ are increasingly prevalent.¹⁴ Notably, these cyto-
kines are all proinflammatory. By promoting the growth in 
eosinophils, neutrophils, mast cells, and histamine, the proin-
flammatory cytokines trigger the inflammatory response that 
defines asthma. 

Naturally occurring anti-inflammatory cytokines regulate 
these pro-inflammatory cytokines, but there are also anti-
body therapeutics that target pro-inflammatory cytokines. 
Antibody therapeutics allow for the sequestering of pro-in-
flammatory cytokines, which inhibits these cytokines from 
reaching their targets and ultimately causing inflammation.

This table focuses on cytokine activity in asthma specif-
ically. Often, cytokines can have different effects in other 
disorders that are not described here.¹² 

Dupilumab, an anti-4Ra antibody, regulates the function 
of IL-13 and IL-4, and this has been confirmed to reduce 
symptoms, delay severe asthma attacks, block the effects 
of histamine-induced Ca²+ mobilization in the bronchi, 
and increase lung function and forced expiratory volume 
(FEV%).²⁰,²¹ Tralokinumab is a therapy that specifical-
ly targets IL-13, and is proven to increase FEV% and lung 
function.²² Benralizumab, an antibody for IL-5, reduces the 
eosinophil count in the airway mucosa, the sputum, bone 
marrow, and blood of asthma patients.²³,²⁴ These therapeu-
tics help treat asthma by specifically targeting and blocking 
certain cytokine signaling pathways, but they do not work 
for every patient with asthma. For example, Tralokinumab, 
the therapeutic that targets IL-13, cannot be taken along 
with oral corticosteroids, a treatment that many severe asth-
ma patients take.²² In addition to being incompatible with 
some other treatments, there are issues with patient compli-
ance. Tralokinumab, is a home-administered shot; 6 percent 
of the patients in an initial clinical trial for this therapy dis-
continued the treatment.²² These antibody therapeutics also 
cause various moderate to severe side effects. Dupilumab, the 
anti-4Ra antibody, causes common symptoms of eye irrita-
tion, swelling, burning, and many rare symptoms that can be 
life-threatening.²¹ However, a completely natural, supple-
mentary therapy for asthma, which patients can take without 
fearing severe risk, is dietary fiber.

Dietary Fiber:
Dietary fiber, which is found in plant foods, has a variety 

of health benefits. There are two types of fiber, insoluble and 
soluble, which have different effects. Insoluble fiber is not 
broken down by water during digestion and it helps maintain 
regular bowel movements, while soluble fiber, which can be 
dissolved by water during digestion, is fermentable in the 
gut and can manage blood sugar, cholesterol, gut health, 
and more.²⁵ Fiber is accessible, and there are many sources 
of fiber including grains, fruits, and vegetables.³ A fiber-rich 
diet can increase stool bulk, regulate blood pressure,²⁶ reduce 
symptoms of depression,²⁷ and prevent different types of 
cancer.²⁸,²⁹ Regular dietary fiber consumption also leads to a 

Table 1: The Role, Source and Function of Cytokines in Asthma.  
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to a more balanced gut micro-biome which, in turn, improves 
the body’s overall health.³ 

One of the byproducts of the fermentation of soluble 
dietary fiber in the gut are SCFAs, the most abundant being 
butyrate, acetate, and propionate. SCFAs affect immune 
response through signaling to immune cells. For example, 
dietary fiber is known to up-regulate the messenger RNA 
(mRNA) of G-protein coupled receptors (GPCRs), such 
as GPCR41 and GPCR43, which are SCFA receptors.³⁰ 
The activation of these SCFA receptors in neutrophils and 
macrophages by dietary fiber leads to lower inflammation.³¹ 
Notably, SCFAs lead to a modulation of cytokines, and this 
process potentially reduces the severity of the inflammatory 
response in asthma.³²

Dietary Fiber as a Potential Asthma Therapy:
As clinicians have found dietary fiber to benefit 

inflammatory conditions such as inflammatory bowel 
disease,³³ and depression,²⁷ they have started to investigate 
the connection between dietary fiber and asthma, another 
chronic inflammatory disease. In a clinical study, which 
explores the effects of the soluble fiber inulin on asthmatic 
adults, dietary inulin supplements over the span of 7 days 
result in a significant improvement in asthma control. This 
is shown by decreasing levels of airway eosinophils in the 
sputum in addition to increasing amounts of plasma SCFAs.³⁴ 
Within four hours of the consumption of 3.5 grams of inulin, 
inflammatory markers such as neutrophils, eosinophils, and 
macrophages significantly decrease in the sputum, while 
GPCR41 and GPCR43 increase in the sputum.³⁰ A dust 
mite-induced asthma model in mice had similar results in 
which the same inflammatory markers were significantly 
reduced due to soluble galacto-oligosaccharides (GOS).³⁵ 
Insoluble oligosaccharides such as acidicoligosaccharides 
(AOS) and fructo-oligosaccharides (FOS) mixed with 
bifidobacterium, a probiotic, reduce airway inflammation, 
eosinophils, and inflammatory cells in chronic asthma.³⁶ 
Multiple clinical studies note better lung function through 
increased FEV% in people with high fiber intake.³⁰,³⁷ 
These studies utilize different types of fiber, such as inulin, 
GOS, AOS, and FOS, to not only examine the connection 
between dietary fiber and inflammatory markers, but also the 
connection between dietary fiber and increased lung function. 
Therefore, it is evident that fiber improves the condition of 
asthma.

Cellular signaling by cytokines initiates the inflammatory 
response that defines asthma. The clinical study by Zhang and 
Bai evaluated levels of the pro-inflammatory cytokine IL-8 
in asthmatic and non-asthmatic patients and found that IL-8 
is significantly higher in patients with asthma,³⁸ and another 
clinical study showed that inulin decreases the amount of 
IL-8 in the sputum.³⁰ Similarly, a mouse model showed that 
GOS leads to the decrease of the pro-inflammatory cytokines 
CCL5, CCL17, IL-33, IL-13, and IL-6 in the lung tissue of 
asthma patients.³⁵ Additionally, the same pattern occurred in 
another mouse model with the pro-inflammatory cytokines 
IFN-γ, IL-5, IL-13, and IL-4.³⁹ These studies show that 
fiber intake leads to a decrease in these pro-inflammatory 

cytokines that help fuel the inflammatory response of asthma. 
The question remains, how do inulin, GOS, and other dietary 
fibers lead to a decrease in pro-inflammatory cytokines?

One potential mechanism is through SCFAs, which affect 
cytokine production by both inhibiting proinflammatory 
cytokines and increasing the production of anti-inflammatory 
cytokines. SCFAs are a product of the fermentation of dietary 
fiber, and it is clinically shown that people with low-fiber 
diets have a higher white blood cell count and IL-6 levels.⁴⁰ 
Another clinical trial measured SCFA and cytokine levels 
in the elderly and found that increased butyrate production 
causes decreasing TNF-α levels.⁴¹ Scientists must consider 
butyrate, which is gaining recent attention by the scientific 
community, because by decreasing pro-inflammatory 
cytokine levels it may help treat asthma.

SCFAs also increase the production of anti-inflammatory 
cytokines. In an in vivo study, 200 mM of the SCFAs acetate 
and propionate were added to the drinking water of mice three 
times a week. This method led to an increase in regulatory 
T cells,³⁹ which secrete anti-inflammatory cytokines such 
as IL-35 and IL-10.⁴³ As acetate and propionate lead to 
an increase in certain anti-inflammatory cytokines, they 
are a great therapeutic target for an inflammatory disease 
like asthma. Similar to previously discussed inflammatory 
disorders, cereal dietary fiber consumed by obese and 
overweight people can decrease IL-6 and TNF-α, and 
increase levels of IL-10, an anti-inflammatory cytokine.⁴³ 
By both decreasing pro-inflammatory cytokine levels and 
increasing anti-inflammatory cytokine levels, SCFAs inhibit 
the inflammation in asthma (Figure 1).

Based on the evidence presented, SCFAs likely decrease 
levels of the cytokine IL-6 as in vivo and clinical data 
agree.³⁵,⁴⁰ However, when examining the cytokine TNF-α, 
the data are not as clear. An in vitro study by Rutting et al. 
shows a decrease in TNF-α when butyrate, propionate, and 
acetate are present,⁴⁴ but in clinical studies, the opposite is 
seen.⁴¹ The cause of these different behaviors of SCFAs and 
their relationship with cytokines is evident, yet not explained, 
making this a gap that should be further examined.

Figure 1: Dietary Fiber Reduces Inflammation in Asthma. 
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�   Conclusion
Evidence is mounting for the possibility of dietary fiber 

as a good lifestyle change for patients with asthma through 
its production of SCFAs, and the resulting regulation of 
cytokines that leads to anti-inflammatory effects. The 
in vitro, in vivo, and clinical data reviewed in this paper 
support the idea that dietary fiber can benefit patients with 
inflammatory diseases such as asthma. Recent data indicate 
that dietary fiber can reduce the number of inflammatory 
cells, such as eosinophils and neutrophils in the lung airways 
and sputum.³⁰, ³⁴-³⁶ Current data also indicate increased lung 
function (shown by increased FEV%) in cases of asthma 
treated with dietary fiber.³⁰, ³⁷

One mechanism of fiber’s effect on inflammation may 
be through the production of SCFAs as a result of the 
fermentation of soluble fiber found in legumes, grains, fruits, 
and vegetables. This is supported by research findings that 
show increased amounts of plasma SCFAs as well as SCFA 
receptors in cases of asthma treated with dietary fiber.³⁰, ³⁴ 
SCFAs specifically improve asthma in patients through 
cytokine regulation; studies show that SCFAs decrease pro-
inflammatory cytokines and increase anti-inflammatory 
cytokines. Research supports that proinflammatory cytokines 
are more prevalent in cases of asthma, but they decrease when 
the asthma is treated with SCFAs as shown with IL-8.³⁰, ³⁸ 
Inversely, anti-inflammatory cytokines are not as prevalent in 
cases of asthma, yet they increase when an asthma patient is 
treated with SCFAs, as shown with IL-35 and IL-10.³⁸, ⁴²

Current therapies are not sufficient to control asthma in 
all patients, so clinicians are searching for supplementary 
therapies. The novel cytokine-targeting antibody therapies 
proved successful in bettering conditions of asthma in patients, 
but also carried unintended negative impacts from harmful 
side effects.²², ²⁶ Because of the prevalence of these negative 
side effects, it is crucial to continue to search for effective, low-
risk therapies. Thus, the investigation into the significance 
of dietary fiber and diet as possible supplementary therapies 
for inflammatory diseases like asthma must continue. These 
therapies would enhance the success of pre-existing asthma 
therapies, all while being both low risk and accessible for 
everyone. 

Although basic, mechanistic research linking dietary fiber 
with asthma exists in animal models, clinical research is 
limited. Hence, more clinical research is needed to confirm the 
efficacy of dietary fiber. Additionally, existing clinical research 
does not investigate long-term implications of dietary fiber 
in their asthmatic participants. The effect of dietary fiber on 
asthma in the pediatric population should also be researched, 
especially considering that about 6 million children currently 
suffer from asthma. Lastly, many studies consider various 
types of dietary fiber in the context of inflammation, so the 
beneficial effects of specific forms of dietary fiber should be 
studied and compared. 
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ABSTRACT: Gender equality is a highly discussed topic, especially in regard to education. A standing issue is that there 
is gender parity in secondary education only in a small minority of nations. With the objective of understanding why gender 
parity fluctuates and how it can be made equitable, this research analyzes 400-plus social, economic, and political variables from 
nations across the world using modern data-mining techniques. Using basket-case analysis, Pearson’s correlation coefficient, and 
regression models, the top indicators that affect gender parity are identified. This research found that internet users as a percentage 
of a population, government-effectiveness index, rule-of-law index, mobile users as a percentage of a population, political violence 
risk, demographic pressures, displaced persons as a percentage of a population, fragile-state index, and student-to-teacher ratio 
affect the gender parity index of secondary schools the most. Then the models for each indicator were scored with data from 
years not included in the model to validate the accuracy of the models. While most nations did support the model predictions, 
Bangladesh, Rwanda, and Honduras were the few that defied forecasts. Then the factors that allow these nations to achieve 
gender-parity ratios rivaling first-world economies were investigated. Finally, with insight gained from our regression models and 
bright-spot analysis, certain policies that improve gender parity were recommended. 

KEYWORDS: Education, Gender Parity, Secondary Education, Kashmir. 

�   Introduction
This work began in August of 2019 when the revocation 

of Article 370 led to high-intensity conflict in the region of 
Kashmir.¹ This conflict resulted in 1.5 million children being 
kept out of school and the entire region’s population being 
placed under a strict lockdown.² This project partnered with 
a US-based education non-profit, Kashmir Education Initia-
tive (KEI),³  and worked under the direct mentorship of Dr. 
Riyaz Bashir, the president and founder of KEI and a medical 
professor at Temple University, along with his field staff in 
the Kashmir Valley. As the work on this topic of investigating 
gender parity progressed, the work expanded to include other 
regions affected by political strife. Now some of the policies 
derived from this are being implemented and related research 
with a cohort of students is currently being studied with the 
assistance of KEI in the Kashmir Valley. 

The history of the Kashmir Valley provides insight into 
the diverse population the region sees today. Until 1346, the 
Kashmir region was ruled by a series of Hindu dynasties. In 
1346, the region fell into Muslim control, which lasted until 
1819 when the Sikh Kingdom took power. In 1846, the Kash-
mir Valley was once again switched to the rule of the Dogra 
kingdom.

As a result of this inconsistent rule, the people of Kashmir 
are a very heterogeneous population. Religiously, most Kash-
miri people practice Islam, Hinduism, or Buddhism. They 
also speak a variety of languages, including Hindi, Punjabi, 
Dogri, Balti, and Ladakhi.

The Kashmir region has been a point of contention between 
India and Pakistan since their 1947 partition. At this time, 
Hari Singh, the Maharaja of Kashmir, was given the choice to 

join either India or Pakistan. Hari Singh chose to join India, 
quickly prompting a violent reaction from Pakistan. The con-
flict between the neighboring countries eventually reached a 
point of such intensity that the United Nations was forced to 
intervene and define a cease-fire line through the region in 
1949, which still exists today. This partition divides Kashmir 
so that Pakistan holds the Kashmir regions of Azad Kashmir, 
Gilgit, and Baltistan, while the regions of Jammu and Kash-
mir, and Ladakh lay with India.

In 1962, China even got involved and took part of Ladakh 
under its control, resulting in tensions erupting in the region 
once again. In 1971, a cease-fire agreement was signed. The 
peace didn’t last long as, in 1971, Pakistan and India quickly 
fell into war once again.⁴

Due to the continuous tensions and conflict between the 
nations of Pakistan and India over Kashmir, the military pres-
ence has remained strong in the region of Kashmir.

The region of Jammu and Kashmir of India has remained an 
autonomous state, as established by Article 370. This protects 
the region’s right to formulate laws and follow a separate con-
stitution. However, in August of 2019, the BJP Government 
of India revoked Article 370, removing Jammu and Kashmir’s 
self-autonomous status in an attempt to integrate and unify 
Kashmir with the rest of India. Knowing the effect this revo-
cation would have on the people of Kashmir, the government 
was quick to send thousands of troops into the region, while 
simultaneously placing the region under lockdown and house 
arrest, all to combat the erupting opposition to the revoca-
tion.⁵ The abrogation of Article 370 launched the region of 
Jammu and Kashmir into high-intensity conflict, as it added 
to the already existing tensions of the region. 
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Gender parity in education has long been an integral part 
of the reach for all-around gender equity. As a result, many 
have sought to understand how to improve and perfect gen-
der parity in education. Understandably, the causes of low 
gender parity vary from region to region. A case study in Iran, 
for example, conducted by Golnar Mehran, concluded that 
the nation’s low gender parity was primarily the effect of the 
social climate. Thus, to improve gender parity, most of the 
work would involve promoting the idea of female education 
to conservative families and making the idea of sending girls 
to school less daunting, by establishing girls-only dormitories 
and faculty.⁶

Another case study took place in Chile and yields many 
different conclusions. A paper by Beatrice Avalos hypoth-
esized that women are generally demotivated to study 
alongside their male counterparts, knowing that they will not 
receive equal employment opportunities. Avalos also noted 
that most women in Chile who are not attending secondary 
school are from lower-income households. Thus, to promote 
gender parity, work would need to be done to address these 
financial issues, such as the creation of scholarship programs.⁷

Another report by Ershad Ali examined the effect of poli-
cy on gender parity in Bangladesh. He emphasized the Field 
Support Services Project (FSSP), a government initiative 
aimed at encouraging female students to attend school. This 
initiative worked to provide incentives for both the students 
and their parents, through loans and guaranteed employment. 
Though Ali noted the success of this initiative, he also high-
lighted how the initiative failed to lower the dropout rate of 
female students, which was already higher than their male 
counterparts.⁸

As highlighted by these previously conducted case studies, 
the reasons behind a lower gender parity and the manner in 
which a nation addresses it varies. This paper seeks to gain 
a better understanding of, generally, which indicators affect 
gender parity the most and how lower gender parity can best 
be addressed.
�   Methods
To ensure the data was as accurate and applicable to 

the modern world as possible, all of the data collected was 
narrowed down the time period 2016 to 2019. 

To achieve the goal of this study, the following two goals 
were focused on for data analysis:

1: Identify the top factors that affect gender parity
2: Identify the rate at which each indicator affects gender 

parity 
All data regarding the gender parity indexes of various 

nations in secondary education was collected from The 
World Bank.⁹ Then each nation’s average gender parity index 
from 2016 to 2019 was calculated by adding each individual 
year’s value and then dividing the sum by 4. The timeframe 
of 2016 to 2019 was chosen to ensure that the findings were 
recent and applicable to the current global state. The data 
regarding social, economic, and political global indicators 
were collected from The Global Economy.¹¹-²⁰ This data 
was also narrowed down to 2016 to 2019 to match the time 

frame of the average gender parity, resulting in a total of 404 
variables available for use.

Pearson’s correlation coefficient was used to calculate 
which indicators affect gender parity in secondary education 
the most. Pearson’s correlation coefficient,⁵ also referred to as 
Pearson’s r, tracks the correlation between two variables and 
ranges between -1 to 1. The negative value implies inverse 
correlation, and the higher absolute coefficient value implies 
a stronger relationship. 

Each correlation was plotted with the x-axis as an indicator 
and the y-axis as the average gender parity. Then, the univar-
iate polynomial regression models were fit to each indicator, 
using the final model to extrapolate the fluctuation of gender 
parity according to each indicator. The fluctuation in rates 
of change in secondary education gender parity according to 
each indicator was then calculated and modeled in equations.
�   Results and Discussion
Analyzing Indicators Affecting Gender Parity Ratio:
With the data analysis for this study, the following list of 

the top global indicators that affect gender parity in secondary 
education were discovered (Table 1).

Political Stability:
Political Stability Index (PSI)¹¹ tracks the traditions and 

institutions by which the country exercises its authority. 
Computing this involves looking at the country's processes 
by which it selects its governments, creates and implements 
policies, and respects the citizens and the institutions. The 
World Bank ranks countries’ PSI index on a scale of -2.5 to 
2.5.

Table 1: List of top ten variables and their associated correlation strength 
(positive and negative) to Gender Parity Index (GPI) for Secondary 
Education.  

Figure 1: Regression model for GP according to Political Stability. GP and 
Political Stability have a strong positive correlation. 
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Gender disparity favoring males appears to be more 
prominent in politically unstable nations. The more politically 
unstable a nation appears to be, the higher the disparity is 
likely to be. Of note is that the country does not need to be a 
beacon of model governance to achieve good GPI numbers; 
countries scoring a neutral score of 0 starts achieving equitable 
GPI (Figure 1).

Internet Users:

This variable tracks the portion of the adult population 
that has Internet access.¹² When about 50% or more of 
a population has internet access, gender parity appears to 
remain consistent at about 1.0 (perfect) (Figure 2). 

Government Effectiveness: 

The Government Effectiveness Index (GEI)¹³ measures 
the quality of public services. It is measured on a scale from 
-2.0 (weak) to 2.0 (strong). Like what is seen with the PSI, 
countries are likely to see an equitable gender parity ratio 
when they reach a certain threshold (GEI > -0.5). It is less 
likely that improving the GEI beyond this threshold (0.5) 
may meaningfully contribute to an increase in gender parity 
(Figure 3).

Rule of Law: 

The Rule of Law Index (RLI)¹⁴ measures across factors such 
as constraints on government power, absence of corruption, 
open government, and other factors to assess how a particular 
county applies the law. The World Bank’s RLI ranges from 
-2.0 to 2.0. Like with previous factors, a significant gender 
disparity is seen when the country performs poorly on this 
index. However, once the countries achieve a minimum 
threshold of rule of law (about 0.0), this particular governance 
factor does not appear to have a strong positive or negative 
correlation with GPI (Figure 4). 

Mobile Phone Subscribers:

It appears that the more mobile phone subscribers per 100 
people,¹⁵ the more likely a nation is to see perfect gender 
parity. When access to mobile phone subscriptions decreases 
to be below 80%, GP appears to quickly decrease by about 
0.4% per subscriber drop per 100 people (Figure 5). 

Figure 2: Regression model for GP according to Internet Users, as a 
percent of population. GP and Internet Users have a moderately strong 
positive correlation. 

Figure 3: Regression model for GP according to Government Effectiveness 
Index. GP and Government Effectiveness have a moderately strong positive 
correlation. 

Figure 4: Regression model for GP according to Rule of Law Index. GP 
and Rule of Law Index have a moderately strong positive correlation. 

Figure 5: Regression model for GP according to Mobile Phone 
Subscribers, per 100 people. GP and Mobile Phone Subscribers have a 
moderately strong positive correlation. 
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Political Violence Risk:

This indicator measures the likelihood of political instability 
or politically motivated violence, including terrorism.¹⁶ The 
World Bank records nations' risk on a scale between 1 (low) 
to 7 (high).  It appears that higher political violence risks are 
linked to lower gender parity values (Figure 6).

Demographic Pressures:

Demographic pressures,¹⁷ ranging between 1 and 10, is an 
indicator that measures population pressures related to the 
food supply, access to safe water, and other life-sustaining 
resources, or health, such as the prevalence of disease and 
epidemics. When a nation’s demographic pressures are low, 
less than 4.0, gender parity appears to be linear and close-
to-perfect. When demographic pressures become moderate, 
(between 4.0 and 7.0) gender parity experiences a slight 
increase in favor of females. Demographic pressures past 7.0 
are linked to lower, decreasing gender parity values (Figure 7).

Fragile State: 

The Fragile State Index measures the vulnerability of a 
state to conflict or collapse.¹⁸ It ranges from 0 to over 120 by 
summing 12 indicators. When a nation's fragile state index is 
below 80, it appears that the gender parity is fairly consistent 
and 1.0 (perfect). At x = 40, however, there appears to be a 
very slight increase in gender parity. When the fragile state 
index reaches 80 (moderately high), there is a rapid fall in 
gender parity at the rate of about 0.012 (Figure 8).

Refugee and Displaced Persons:

Gender parity seems particularly sensitive to the Refugee 
and Displaced Person index (RDP).¹⁹ As the RDP index 
crosses a threshold (6.5) there is a sharp decrease in gender 
parity at the rate of about 0.08. While the refugee and 
displaced persons index is below about 6.5, however, the 
gender parity appears to be linear and consistent at 1.0 
(perfect) (Figure 9).  

Figure 6: Regression model for GP according to Political Violence 
Risk. GP and Political Violence Risk have a moderately strong negative 
correlation. 

Figure 7: Regression model for GP according to Demographic Pressures. 
GP and Demographic Pressures have a strong negative correlation. 

Figure 8: Regression model for GP according to Fragile State Index. GP 
and Fragile State Index have a strong negative correlation. 

Figure 9: Regression model for GP according to Refugee and Displaced 
Persons Index. GP and Refugee and Displaced Persons Index have a strong 
negative correlation. 
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Student to Teacher Ratio:

It was discovered that 25 is the magic number for the stu-
dent-to-teacher ratio. When the student-to-teacher ratio is 
between 10 and 25, it appears that the gender parity of the 
various countries stays consistent close-to or directly at 1.0 
(perfect).²⁰ Once the student-teacher ratio hits 25, however, 
the gender parity appears to quickly decrease in favor of males 
(Figure 10).

While the regression models offer insightful statistical anal-
ysis on gender parity, it is also useful to speculate the plausible 
reasons behind each indicator contributing to the Gender Par-
ity Index.

Political Stability, Violence Risk, and Fragile State:
Political stability is defined as the perceptions of the likeli-

hood that the government will be destabilized or overthrown 
by unconstitutional or violent means, including politically mo-
tivated violence and terrorism. The more politically stable the 
nation, the more likely its gender parity will be closer to 1.00. 
When a nation is politically weak, the government is often 
unable to provide for and support its citizens. This may lead 
to financial instability and overall uncertainty in citizens' lives. 
As a result, families may resort to pulling their children out of 
schools, as they may be unable to pay the fees or desperate for 
another source of income through their children.

There may be many reasons female students are more likely 
to be pulled out of school compared to their male counterparts, 
such as prominent cultural beliefs that undermine the impor-
tance of female education. In most cultures, women are often 
designated to tend to household duties and children, while 
men are left to work, earn, and support the family. With this 
traditional family structure in mind, many believe that a wom-
an’s education is not as important as a man’s, as she will likely 
not have to work. While this belief may even prevent families, 
in some places, from enrolling their daughters in school, it can 
also be speculated that it is why families are more reluctant to 
pull their sons out of school compared to their daughters.

When a nation’s government is politically vulnerable, the 
nation itself becomes especially vulnerable to rebel groups and 
terrorism. With a weak government and increased conflict 
amongst citizens, it's likely that the nation’s streets will become 
unsafe. In some nations, rebel groups have taken over schools. 

As a result, families may feel it is safer to keep their children 
home from school. Some families may be more protective of 
their daughters, as they are often more likely to be targets of 
sexual violence and harassment; thus, when a nation is be-
coming gradually unsafe, families may be likely to pull their 
daughters out before their sons.

Internet Access:
The larger the percentage of a population that has internet 

access is, the more likely it is that the nation will have a gender 
parity closer to 1.00. With internet access, students are more 
likely to have open access to resources, such as online education-
al material, messaging apps, and contact with teachers outside 
of school. Thus, having access to the internet would likely make 
it much easier for students to stay engaged with their education 
as well as support themselves should it be needed.

Internet access is also considered an indicator of a first-world 
nation. So, this correlation may also simply be a situation of 
correlation, not causation. It must be considered that internet 
access does not directly contribute to a gender parity closer to 
1.00. Rather, it is plausible that the nation’s wealth and resourc-
es, which allow it to provide internet access, are rather what 
results in the nation’s perfect gender parity (Table 2; Figure 11)

Government Effectiveness:
Government effectiveness is defined as an index that captures 

perceptions of the quality of public services, the quality of the 
civil service and the degree of its independence from political 
pressures, the quality of policy formulation and implementa-
tion, and the credibility of the government's commitment to 
such policies. As shown in the case studies of Rwanda and 
Bangladesh, government policies and projects often provide a 
great deal of support to initiatives and yield significant results. 
Inversely, families worried about instability and poverty may be 
less likely to prioritize education. This may be especially true 
for females, as a daughter is more likely to pulled out of school 
to aid the family in domestic chores and duties (Table 3; Figure 
12).

When government effectiveness is high, a government is ef-
fectively engaging with its citizens. As a result, issues amongst 
citizens are more likely to be addressed and overall satisfaction 
is likely to be higher. This would likely result in safer environ-
ments, as unstable governments and political climates often 
result in the opposite: rebel groups, terrorist activity, etc.

Rule of Law:
Rule of law index captures perceptions of the extent to which 

agents have confidence in and abide by the rules of society, 
and in particular the quality of contract enforcement, proper-
ty rights, the police, and the courts, as well as the likelihood 
of crime and violence. When the rule of law is higher, gender 
parity is more likely to be closer to 1.00. Some cultures and 
families may be more protective of their daughters, as women 
are often more likely to be targets of sexual violence and ha-
rassment. When a nation is overall safer, families may feel more 
comfortable sending their children out to school, especially 
their daughters. Similarly, when a nation is unsafe, families are 
likely to pull their children out, their daughters, once again, 
before their sons.

Figure 10: Regression model for GP according to Student to Teacher 
Ratio. GP and Student to Teacher Ratio have a strong negative correlation. 
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Mobile Phones:
The larger the number of mobile phones per 100 people is, 

the more likely the nation is to have an equitable gender parity 
index. With mobile phones, students are more likely to have 
more access to resources, such as online educational material, 
messaging apps, and contact with teachers outside of school. 
An example of this would be the situation in Kashmir. When 
the lockdown was implemented, students with access to mobile 
phones and devices were more likely to be able to continue 
their education remotely. Similarly, with Covid-19, students 
with access to devices were able to continue engaging with 
their education despite the circumstances. This index can be 
especially helpful in conflict zones or times of crisis. As illus-
trated by the events in Kashmir and Covid-19, having access 
to mobile phones, otherwise simply a device, allows students 
to continue their education despite the circumstances of the 
nation.

Refugee Index:
When a nation’s refugee and displaced person index (rang-

es from 0 to 10) is higher, it is likely that the nation’s gender 
parity will decrease substantially. Nations with a higher refugee 
or displaced person population are also likely to be the nations 
where the conflict itself is occurring. This explains why nations 
with a refugee index less than 7.0 on the index have a close-to-
perfect GPI, as they may be bordering nations offering asylum 
to refugees. However, nations above that number are more like-
ly to be the nations harboring the conflict and producing the 
refugees. In a nation where circumstances are so poor that the 
country becomes inhabitable, therefore producing refugees, it 
is likely that education is an afterthought for many. As a result, 
it is incredibly likely that students will be pulled out of school.

Student-Teacher Ratio:
When a student-to-teacher ratio is smaller, it is more 

likely that gender parity will be closer to one. When the stu-
dent-teacher ratio becomes larger, it is likely that gender parity 
will substantially decrease. A smaller student-to-teacher ratio 
may be an indicator of more access to resources. For example, 
underfunded schools cannot afford to hire multiple teach-
ers. Therefore, these schools may allocate more students per 
teacher. Likewise, wealthier schools are more likely to allocate 
smaller numbers of students per teacher. Therefore, this ratio 
may be an indicator of a nation’s wealth and prosperity. It may 
not be the student-to-teacher ratio alone that produces gender 
parity, but rather the national environment which creates this 
ratio that produces gender parity.

Validating the Forecasting Accuracy of the Models:
To verify that these models predict gender parity to an ac-

ceptable degree of accuracy, two regression models were chosen 
at random: Internet Users and Government Effectiveness In-
dex. For each model, a nation was chosen at random and plotted 
on the model, using data from 2010, a year not included when 
making the models. While this method does not illustrate the 
full scope of the models’ accuracy or inaccuracy, it offers strong 
evidence that the regression models are accurate.¹²,¹³ 

Developing a Remediation Path with Bright Spot Analysis:
Another perspective that offers insight into the usefulness 

of these models is a bright-spot analysis. A bright spot is a 
positive-deviant measurement. In this case, it was a nation with 
a perfect or close to perfect gender parity index despite the 
circumstances that would forecast a lower GPI. These bright 
spots directly contradicted this model’s predictions. The goal 
of the bright-spot analysis was to identify and understand how 
certain nations were able to uphold a close-to-perfect or per-
fect gender parity despite circumstances that normally result 
otherwise. To make the findings of this analysis as applicable as 
possible, this analysis focused on finding larger-scale reasons or 
initiatives that contribute to these nations’ exceptional gender 
parities.

The positive-deviant countries were tracked across the ten 
indicators and organized by their frequency of deviation from 
the forecasts (while filtering out extremely small nation-states) 
(Table 4).

Honduras is an outlier in six indicators: internet users, 
government effectiveness index, rule of law index, mobile user, 
fragile state index, and student-teacher ratio. Even with only 
about 32% of its population using the internet, a -0.75 on 
the GEI, a -1.00 on the RLI, 79 per 100 being mobile users, 
a 77.8 on the FSI, and 27.5 students per teacher, the nation 
maintains a GPI of 1.16. 

Table 2: Table of values used to predict and compare gender parity in the 
Internet Users regression model. 

Table 3: Table of values used to predict and compare gender parity in the 
Government Effectiveness regression model. 

Figure 11 and 12: Statistical comparison of the models to data not 
included in the given datasets. 

Table 4: List of countries identified as positive deviants with models. 
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Like Honduras, it was found that these nations show 
a stark difference between the male and female homicide 
rates. Interestingly, the gender parity for these nations, 
like Honduras, were all above 1.00. This indicates that the 
influence of gang violence discourages males from attending 
school, making the gender parity for these nations extremely 
high. For this reason, despite extremely poor circumstances 
which would normally result in a low GPI, these nations with 
prominent gang activity are able to maintain a high GPI.

Rwanda is an outlier in three indicators: mobile users, 
fragile state index, and student-teacher ratio. Even with only 
about 76 per 100 being mobile users, an 87.5 (high) on the 
Fragile State Index, and 58.5 students per teacher, the nation 
maintains a GPI of 1.11.  

After the Rwandan genocide in 1994, the Rwandan 
government realized that it must allow its women into the 
workplace should the nation hope to rebuild itself. Rwanda 
launched an Education For All Plan of Action (MINEDUC) 
in 2003,²⁵ which thoroughly addressed the constraints that 
discouraged female attendance in schools as well as developed 
respective plans to address these issues. 

A notable objective from the Education For All Plan of 
Action is Objective 5: Eliminate gender disparities in primary 
and secondary education by 2005, and achieve gender equality 
in education by 2015, with a focus on ensuring girls full and 
equal access to and achievement in basic education of good 
quality.²⁵ The plan lists the “Constraints to the elimination 
of gender disparities in education” as well as their respective, 
proposed solutions and strategies, some of which include: 
increasing capacity of schools to take more girls, enhancing 
policy development on alternative education opportunities 
for girls, and promoting quality and gender-sensitive learning 
to reduce dropout and repetition rates for female students.

Rwanda’s government intervention narrowed the gender gap 
in secondary education. Rwanda also rewrote its Constitution 
in 2003, introducing Article 20, which guaranteed the right to 
education for all citizens, and Article 80, which allocated 30% 
of the Senate for women.²⁶ With strong government initiative 
and focus to improve the nation's gender parity, Rwanda was 
able to uplift its female citizens in both the workplace and 
in schools and, to this day, maintains an exceptional gender 
parity index given the nation’s resources.

Bangladesh is an outlier in three indicators: internet users, 
government effectiveness index, and fragile state index. Even 
with only about 15% of its population using the internet, 
a -0.72 on the GEI, and an 87.7 on the FSI, the nation 
maintains a GPI of 1.14.  

Table 5: Table displaying the homicide rate per 100,000 for females and 
males, as well as gender parity index, secondary, for Honduras, Antigua and 
Barbuda, El Salvador, and Venezuela.

Bangladesh is a predominantly patriarchal society, making 
its exceptional gender parity index noteworthy. Since 1990, 
Bangladesh’s secondary gender parity index has doubled, 
going from 0.508 to 1.14. The nation’s immense progress 
despite cultural settings can be attributed to the number 
of government interventions aimed at promoting girls' 
education.

In 1994, the Bangladesh Government implemented the 
Female Stipend Program, ²⁴ an initiative that provided female 
students with a stipend and tuition fee waiver. This program 
effectively was modeled and executed similarly to Rwanda’s 
Education For All Plan of Action and, like Rwanda, helped 
narrow and eventually eliminate the gender gap in secondary 
education. 

In 1983, the Bangladesh government created the Grameen 
Bank, a financial initiative aiming to alleviate poverty through 
social and credit intermediation.²⁷ The initiative especially 
helped women in Bangladesh who, due to the nation’s socio-
cultural climate, were often at more risk of poverty than their 
male counterparts. As a result, the Grameen Bank resulted 
in an increase in the financial empowerment of the female 
Bangladeshi population. From 1985 to 1992, the female 
borrowers of the bank increased by 1,205%, while the male 
borrowers increased by 67%. In 1992, women received about 
80% of the bank’s loans. Over the same time period, the 
number of center-operated schools increased by about 386% 
and enrollment increased by 583%.²⁷

This indicated that encouraging female financial 
independence may directly result in higher enrollment in 
schools, and thus a higher gender parity. Though female 
financial freedom was not an indicator represented in 
the models above, the Grameen Bank initiative provides 
convincing evidence that by encouraging gender parity in 
financial independence, a nation can improve its gender 
parity in education as well. 

Application to Kashmir:
The intention with this paper was to understand the vari-

ables that affect gender parity. As the regression models and 
the bright-spot analysis indicate, government effectiveness and 
intervention may be one of the more influential variables in 
gender parity. Therefore, a method can be introduced in which 
strong government effectiveness can be modeled on a smaller 
scale, e.g., with non-profits. In nations where the overall state 
of the nation is not ideal, non-profits have a profound impact, 
as they often take over the duties the government cannot ful-
fill.

The region of Kashmir has been a conflict region for dozens 
of years. Due to this conflict, the region has suffered immense-
ly. If plots were created for Kashmir on the models from 
Section 3, it is highly probable that the models would predict 
the region to have a low gender parity index. 

To address these challenges, The Kashmir Education Ini-
tiative has implemented initiatives along the “Three-Axis of 
Intervention”:

1. Mentoring & Counseling: As illustrated by Figure 11, na-
tions with lower student-to-teacher ratios tend to have better 
gender parity values. Thus, it can be hypothesized that focusing 
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on decreasing student-to-teacher ratios may improve gender 
parity. As directly addressing student-to-teacher ratios may 
be difficult, considering hiring and paying for new teachers, 
mentorship may be a great alternative. The implementation of 
mentoring may boost gender parity, as mentors can often take 
the role of teachers and offer students one-on-one support that 
might be lacking in larger classroom settings. 

2. Financial & Material Assistance: As shown in Figure 3 
and 6, access to resources play a significant role in gender par-
ity. Nations, where larger populations have access to mobile 
phones and the internet, tend to be linked with higher gender 
parity values. Thus, one way to improve gender parity may be to 
provide resources to students. In KEI, students not only receive 
scholarships but also devices with educational software made 
by Gooru.²⁸ Gooru’s educational software uses artificial intel-
ligence to create a custom learning path for each student based 
on their proficient and developing skills. By providing students 
with devices as well as personalized learning plans, this ini-
tiative may improve gender parity by providing students with 
resources they would’ve otherwise been denied: internet access 
and mobile devices. The customized learning plan Gooru pro-
vides even works to address the student-to-teacher ratio as it 
provides customized attention without the need of a teacher. 
The scholarships that KEI provides to students also works to 
follow the path shown by “positive deviant” countries such as 
Bangladesh where grass-root level economic support is seen to 
have an impact on education. These methods of assistance that 
KEI provides may, as supported by the above research, work to 
improve their gender parity.

3. Experiential Opportunities: By providing workshops 
building competency and expertise, and offering full-time and 
internship opportunities internationally, the Kashmir Educa-
tion Initiative works to remove the isolation students feel as a 
result of the lockdown.

The Kashmir Education Initiative’s work in Kashmir has 
been extremely successful at not only providing quality educa-
tion to students who would otherwise suffer due to the conflict 
but also improving gender parity. KEI was founded in 2007, 
and its first batch of students from 2008 - 2013 had a gender 
parity of 0.67. In 2015, KEI’s efforts had successfully boosted 
their gender parity up to 0.83. ³ It is important to note KEI’s 
method of selecting students. KEI is open to any students who 
qualify financially and academically. Students who qualify fi-
nancially are encouraged to take an exam in which top scorers 
are chosen to join KEI, regardless of gender. Being so, the gen-
der parity ratio is most often determined by the number of 
male versus female applicants who apply. In years with more 
male applicants, a larger portion of top-scorers are male, thus 
resulting in lower gender parity.

KEI’s work in Kashmir goes to show that one does not have 
to wait for sweeping government legislation to improve gen-
der parity. While it does help improve parity on a larger scale, 
significant change can be made through smaller groups and 
individuals, as KEI and its efforts have so well demonstrated. 
While the region of Kashmir’s gender parity, as of 2016, was 
0.95,²⁹ the Kashmir Education Initiative was 1.52. ³

�   Conclusion
In this paper, indicators that positively or negatively affect 

the gender parity ratio for nations and communities were 
identified. Models were developed and validated based on 
accuracy by testing them on untrained data. Countries that 
are positive deviants were examined and what they are doing 
differently to break away was also examined despite scarce 
resources, poverty, and risk of political violence. All of these 
have provided insights, for which there is no need to wait for 
federal or state legislation to improve the conditions of gender 
equality and education in the world.

Grameen Bank illustrates how a small community 
development bank changed the course of gender equity and 
financial independence in a country of 160 million. Rwanda’s 
Education for All Plan of Action showed how a government 
can successfully work to create and implement initiatives to 
improve a nation's gender parity and equity. The Kashmir 
Education Initiative shows how there is no need to wait for 
legislation to make a significant change in the lives of students. 
Each person can act -- by volunteering to mentor a student 
from an underprivileged school, statistically improving 
the gender-parity ratio. By providing devices with internet 
connectivity and/or learning curriculums to kids in remote, 
high-conflict areas of the world, the quality of education can 
be leveled and, once again gender parity, can be statistically 
improved. There is no need to discuss legislation with the 
congresspeople of a nation, though it may help. Each person 
has the ability to affect the indicators that improve the gender 
parity index. It may sound cliche, but, as this paper shows, we 
can be the difference we want to see.
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Miniature Submarine using Near-Infrared Spectroscopy to 
Detect and Collect Microplastics        
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ABSTRACT: A promising solution to detecting and collecting ocean microplastics is utilizing near-infrared (NIR) spectroscopy. 
NIR spectroscopy is a cost-effective, safe, and accurate method to determine the chemical composition of unknown materials. 
However, since it cannot easily function underwater as light cannot penetrate the ocean surface, a submarine drone design 
developed here will employ near-infrared spectroscopy to differentiate the collected micro-objects. In particular, an experiment 
was conducted where varying sizes of kombu (edible kelp) and microplastics were scanned by a NIR spectrometer to determine 
the mass composition of a given sample. A least sum of squares method was used to analyze the spectra data from an unknown 
concentration of microplastics by comparing the spectra data to stored spectra datasets which were produced from samples of 
known concentrations. The results showed that least squares analysis was a generally effective method to compare such spectra 
graphs and deduce the mass composition of a given sample. Although, more improvements including the analysis of the spectra 
graph’s curvature and an increased amount of composition data, are necessary to make the approach more accurate. 

KEYWORDS: Materials Science; Computation and Theory; NIR Spectroscopy; R Programming; Least squares Analysis. 

�   Introduction
Ocean plastic pollution, which consists of harmful macro 

and microplastics, is a dire issue that the scientific communi-
ty must solve. Marine organisms easily mistake microplastics, 
which are under 5 mm, for food and become polluted, threat-
ening other creatures, like humans, that consume them.¹ 
Additionally, since microplastics are broken off from mac-
roplastics, they pollute the ocean the same way macroplastics 
do; stains on microplastics still react in the water to form toxic 
chemicals. These chemicals can spread anywhere in the ocean 
as microplastics exist in all ocean depths.² 

Unfortunately, current solutions to ocean plastic pollution 
mainly target macroplastics on the ocean surface, which does 
not address the prevalent microplastic problem. These solu-
tions include the Ocean Cleanup’s Interceptor that collects 
large pieces of plastic and the ESA satellites that detect mac-
roplastics on the ocean surface.³ There are also reactions and 
chemicals that have been developed to clean plastics, includ-
ing ferromagnetic materials, but they cannot be effectively 
utilized in the ocean environment due to its vast area.

Additionally, there are currently various chemometric 
techniques that are used to analyze sample compositions 
with spectroscopy. In particular, a widely used method is the 
Beer-Lambert Law, which relates the amount of absorption 
to material concentration.⁴ However, one major limitation of 
this method is that it does not utilize reflectance measure-
ments, which many spectrometers use. The Beer-Lambert 
Law also requires an optical density coefficient. This coeffi-
cient is dependent on the materials in the given sample and 
must be known in order to execute the chemometric analysis.⁴ 
As a result, if the materials in the given sample are unknown, 
then their optical density coefficients are also unknown, and 
the analysis cannot be executed. 

One promising solution to detecting and collecting 
ocean microplastics is NIR reflectance spectroscopy.⁵ It is 
cost-effective, safe, and accurate in determining the chemi-
cal composition of unknown materials.⁶ However, while the 
aforementioned ESA satellites utilize NIR light to detect 
macroplastics, they cannot detect microplastics on the ocean 
surface because they are too far from the ocean. Furthermore, 
these satellites cannot detect the widespread ocean micro-
plastics beneath the ocean surface because NIR light cannot 
penetrate water.

Besides NIR reflectance spectroscopy, Raman spectroscopy 
can be used for a similar experiment. Raman spectroscopy is 
a non-destructive technique that gives a chemical analysis of 
an object. The molecular interaction and chemical structure 
of a molecule can be identified, making Raman spectroscopy 
a viable alternative for determining microplastics due to their 
unique chemical makeup. Moreover, the spectroscopy tech-
nique is fundamentally researched and experimented with. 
However, Raman spectra present units primarily in 1/cm in-
stead of on the micro or nanoscale, making the graph analysis 
more challenging. Additionally, due to microplastics at times 
being mixed with toxic chemicals as well as other substances, 
it is not clear how these possible extra substances may affect 
or alter the Raman signal and data due to the impurity of the 
microplastic.

Even with NIR reflectance spectroscopy, an analysis of the 
intensity peaks of the respective spectra graphs could deter-
mine whether a substance contained plastic or not. The peak 
intensity of a spectra is created by the unique molecule com-
position of a substance, and a plastic may consistently give a 
peak intensity that can be read through a machine learning 
system. Nonetheless, this option was not chosen due to the 
machine learning algorithm required to analyze the peak in
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tensities. The algorithm would require extra time to code that 
the chosen method did not need.

This experiment endeavors to capture the microplastics 
using NIR reflectance spectroscopy. NIR spectroscopy is em-
ployed inside a submarine drone, which is an isolated system 
without water where NIR light can function. Even if there is 
no air in the submarine, NIR light would still be able to travel 
through the vacuum.

The NIR spectroscopy within a submarine drone is highly 
significant as it opens the possibility of detecting and iden-
tifying ocean microplastics autonomously, efficiently, and 
harmlessly. Due to the detection, the submarine drone can 
intake the microplastics, leading to a reduced amount of plas-
tic pollution. In addition, the application of the least squares 
algorithm to compare resulting spectra graphs is a novel and 
less computationally intensive method to determine the mass 
composition of a given plastic and algae sample. This method 
first stores the spectra of samples with known concentrations 
and then compares the stored graph with new spectra graphs 
from new test concentrations to find the closest matches. The 
near-infrared reflectance spectroscopy within a submarine 
drone could efficiently differentiate the collected microplas-
tics from small pieces of kombu using a least squares analysis 
method.
�   Methods
The following materials were used in the experiment: 

sheets of Polyethylene Terephthalate (PET) and Low-
Density Polyethylene (LDPE), kombu (edible algae), a Texas 
Instruments NIR spectrometer, NIR protective glasses, 
disposable gloves, protective goggles, a precision scale, a ruler, 
a stand, a computer with NanoScan installed, scissors, and 
paper plates. To set up the experiment, the NIR spectrometer 
was attached to a ruler via tape, so the spectrometer’s scan 
window faced downwards (as pictured in Figure 1; all images 
are shown on pages 3-5). A ruler was attached to a stand 
which was then adjusted so the spectrometer’s scan window 
was 1.5 mm away from the floor (as pictured in Figure 1). 
A spectrometer was connected to a computer in order to 
send the reflectance data to the NanoScan application. 
Before preparing the microplastics, the disposable gloves and 
protective eyewear were worn. The microplastics were made 
by cutting over 100 pieces of PET, LDPE, and kombu with 
lengths under 5 mm (as pictured in Figure 3). Afterward, a 
circular paper plate was cut to have a small rectangle with 
dimensions 7.5 mm by 3 mm drawn in the center. Next, the 
data tables (on page 7) were made to record given mass values. 

Starting data collection, a piece of kombu that exactly 
covered the previously drawn rectangle was cut. It was 
weighed on the precision scale (as pictured in Figure 2) and 
its mass was recorded. The kombu piece was then placed on 
the drawn rectangle and slid under the spectrometer so that 
the kombu was directly under the scan window (as pictured 
in Figure 4). Before the NIR spectrometer was activated, 
NIR-protective goggles were worn. The spectrometer was 
activated, and light shone on the sample (as pictured in 
Figure 5). Once the reflectance data was sent to the computer 
and stored in a .csv file, the process with the kombu (cutting, 

weighing, and scanning it) was repeated with pieces of PET 
and LDPE that similarly covered the drawn rectangle. 

Afterwards, a piece of PET was cut that covered half of 
the drawn rectangle, and another piece of LDPE was cut that 
covered the rectangle’s remaining half. Their masses were 
weighed and recorded, and the NIR scanning process was 
repeated. Then, pieces of PET, LDPE, and kombu were cut 
such that they each covered about ⅓ of the drawn rectangle 
(as pictured in Figure 6). The weighing and scanning process 
was then repeated with this sample. Finally, a piece of PET 
that covered ¼ of the rectangle and a piece of kombu that 
covered ¾ of the rectangle were cut and the rest of the data 
collection process was repeated.

Afterward, a very similar process was repeated to collect 
the values shown in the second data table. However, instead 
of uniform macro pieces (as pictured in Figure 6), the small 
bits of plastic and kombu (< 5 mm) were used instead (as 
pictured in Figure 7). In addition, in these trials the materials 
were not separated but instead mixed together (as pictured in 
Figure 8). However, the approximate ratios of each material 
in each trial (e.g., LDPE covering ⅓ of the drawn rectangle) 
were maintained. After this data collection was finished, the 
disposable gloves, microplastics, and kombu were disposed of 
within the garbage.

Figure 1: Making the setup. Figure 2: Weighing the kombu.

Figure 3: Cutting the PET, LDPE, 
and kombu.

Figure 4: Sample under the 
spectrometer.

Figure 5: Activating the NIR 
spectrometer.

Figure 6: Making a sample that is 
⅓ PET, ⅓ LDPE, and ⅓ kombu.
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Engineering Design: 
This is a computer aided model of a hypothetical submarine 

drone to collect microplastics. The drone design consists of 
an outer hull, an inner hull, and a pressure hull in between the 
two that holds the water and air. The water and air determine 
the depth the drone will go in the ocean.

The machinations inside include a pipe that moves the 
micro-objects outside onto a filter paper where the water 
passes through, leaving the micro-objects on the filter paper. 
A motor pushes the micro-objects through while a servo on 
top of the drone closes the pipe to block water from entering 
and touching the machines.

Micro-objects are pushed onto the conveyor belt that 
moves them under the spectrometer to be scanned. The 
scan determines whether they are microplastics or not. If the 
sample is not more than 10% microplastics, the conveyor belt 
reverses and drops everything down a pipe that is connected 
back to the first pipe where the water is flowing out. If there 
are sufficient microplastics, they will be dropped into the 
microplastic container.

 

Data Analysis: 
The R programming language was used in RStudio. The 

spectrometer returned information on the percentage of 
each wavelength, from 900 to 1700 nm, that is reflected 
from the sample. Therefore, after preparing samples of the 
kombu and microplastics with known mass concentrations of 
microplastics and obtaining the spectra data, the information 
was organized into a data table with the wavelength as 
the independent variable and the reflectance value as the 
dependent variable. After conducting multiple trials, spectra 
graphs were generated that represented various compositions 
(e.g., 50% plastics, 50% kombu).

Afterward, multiple samples were created with different 
concentrations of microplastics. After recording the reflec-
tance values from these six new test samples and producing 
spectra graphs accordingly, it was determined which previous 
spectra graph (from the initial six trials) best represented the 
new test graph in question. To quantify the best fit, a least 
sum of squares approach was utilized, such that the differ-
ence between the two spectra graphs (the test graph and an 
initial spectra graph) for each wavelength was squared and 
summed together. After completing the analysis between the 
given test graph and each of the initial six graphs, the initial 
spectra graph that produced the smallest sum of squares value 
(which means that it has the highest similarity to the given 
test graph) was chosen. Since this initial spectra graph was 
produced from a known concentration of PET, LDPE, and 
kombu, the associated concentrations were also used to indi-
cate the concentrations of the test graph in question.

The full code developed for this experiment can be found 
in a GitHub Repository: 

https://github.com/paeb/ISEF-Code.
Data Tables:
In Table 1, the mass of PET, LDPE, and Kombu in each 

sample were recorded to calculate the sample’s unique mass 
composition. The compositions were used to identify the 
respective NIR spectra graphs. 

In Table 2 the trials contained the samples which were cut 
up and mixed. Then the mass of the PET, LDPE, and Kombu 
in each sample were recorded to calculate the sample’s unique 
mass composition for the respective NIR spectra graph.

Figure 7: Making a sample with 
small pieces of kombu.

Figure 8: Making sample of small 
mixed pieces of plastic and kombu.

Table 1: First set of trials (stored cases).

Table 2: Second set of trials (test cases).
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�   Results and Discussion
In analyzing the results, certain compositions were 

accurately compared from the least squares algorithm, while 
others were not. In particular, the spectra graphs from the 
test samples (from the second set of trials) in Figure 8 (0% 
PET, 0% LDPE, and 100% kombu), Figure 9 (0% PET, 100% 
LDPE, and 0% kombu), and Figure 10 (10% PET, 0% LDPE, 
and 90% kombu) fit very closely with the spectra graphs 
from the first stored trials that have the most similar mass 
percentages. There was not an exact match in composition for 
Figure 10 because there was no composition from the first 
set of trials that had 10% PET and 90% kombu; however, the 
closest composition from the first set of trials (0% PET and 
100% kombu) was accurately matched as the closest spectra 
graph. 

However, for Figures 11, 12, and 13, there were some 
discrepancies in the matched graphs. For Figure 11, the test 
composition was 28% PET, 7% LDPE, 65% kombu, but was 
matched with the composition 0% PET, 0% LDPE, 100% 
kombu. While there is no exact composition from the first set 
of trials that matches this test composition from Figure 11, 
it was expected that the initial composition of 16% PET, 5% 
LDPE, 79% kombu would produce the closest spectra graph. 
Even so, it was within the range of expected possibilities 
because the kombu in the test graph occupied 65% (a vast 

majority) of the mass in the sample and the associated 
composition had a kombu percentage of 100%. However, 
in Figures 12 and 13, there were more unexpected errors. In 
Figure 12, the test composition of 79% PET, 21% LDPE, 
0% kombu was paired with 0% PET, 100% LDPE, and 0% 
kombu, and in Figure 13, the test composition of 100% PET, 
0% LDPE, 0% KOMBU was matched with 0% PET, 100% 
LDPE, 0% kombu. In each of these instances, the entire 
sample was filled with one material, but that single material 
was incorrectly identified with the least squares algorithm.

There are two main reasons for these false identifications. 
The first and largest error is that there were not enough trials 
conducted. Since each composition was tested once in each 
set of trials, there were probably inaccuracies in the reflectance 
percentages received for certain wavelengths. Therefore, in 
the future, many more trials will be conducted for each mass 
composition and the average spectra values will be taken 
in order to minimize any false identifications due to errors. 
Furthermore, more spectra for diverse sample compositions 
will be obtained. The second reason for the error is because 
of the least squares method in the algorithm. In particular, 
Figure 14 shows the spectra graph of 100% PET, 0% LDPE, 
0% kombu, with the shredded small pieces, from the second 
set of trials compared with the spectra graph of 100% PET, 0% 
LDPE, 0% kombu, with the full uncut pieces, from the first 
set of trials (this difference in material size in the first versus 
second dataset is also a small reason for these discrepancies). 
Even these two graphs were not matched by the least squares 

Figure 8: 0% PET, 0% LDPE, 
100% KOMBU best fits the spectra 
graph of: 0% PET, 0% LDPE, 100% 
KOMBU; peak intensity in the 1150 
nm range. The NIR spectrometer 
can accurately detect 100% KOMBU 
substances.

Figure 9: 0% PET, 100% LDPE, 
0% KOMBU best fits the spectra 
graph of: 0% PET, 100% LDPE, 0% 
KOMBU; peak intensity in the 1700 
nm range. The NIR spectrometer 
can accurately detect 100% LDPE 
substances.

Figure 10: 10% PET, 0% LDPE, 
90% KOMBU best fits the spectra 
graph of: 0% PET, 0% LDPE, 100% 
KOMBU; peak intensity in the 1150 
nm range. The spectrometer correctly 
determined the mixture was mostly 
KOMBU.

Figure 11: 28% PET, 7% LDPE, 
65% KOMBU best fits the spectra 
graph of: 0% PET, 0% LDPE, 100% 
KOMBU; peak intensity in the 
1150 nm range. The spectrometer 
inaccurately determined the contents 
of the 28% PET, 7% LDPE, 65% 
KOMBU substance.

Figure 12: 79% PET, 21% LDPE, 
0% KOMBU best fits the spectra 
graph of: 0% PET, 100% LDPE, 
0% KOMBU; peak intensity in the 
1700 nm range. The spectrometer 
inaccurately determined the contents 
of the 79% PET, 21% LDPE 
substance.

Figure 13: 100% PET, 0% LDPE, 
0% KOMBU best fits the spectra 
graph of: 0% PET, 100% LDPE, 
0% KOMBU; peak intensity in the 
1700 nm range. The spectrometer 
inaccurately determined the contents 
of the 100% PET substance.
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algorithm because the overall distance between the two graphs 
was not the smallest, yet the graphs appear more identical in 
terms of their shape (relative minima and maxima, rates of 
change). Similarly, in Figure 15, while the two graphs that had 
the most similar mass composition were not matched together, 
their overall shapes are more similar than the associated match 
in Figure 13. One reason behind this is because in the samples 
from the second set of trials, the samples were composed of 
various small pieces; as such, there were gaps between them 
and not as much light of each wavelength was reflected back 
in comparison to their counterparts from the first set of trials. 
Therefore, one crucial addition to the algorithm will be to 
compare the relative extrema and rates of change in various 
sections of the two graphs, using derivatives, in addition to 
comparing the distance between them.

In future experimentation, these errors will be limited to 
confirm that NIR spectroscopy is a valid method of detecting 
microplastics compared to existing methods, namely those 
that use the Beer-Lambert Law.

Future Research: 
The following topics should be further researched and 

developed: the process through which factory systems 
physically sort plastic after detection, a system to separate 
kombu into smaller bits so kombu cannot clog up the conveyor 
belt, and more cost-effective materials to build a submarine. 
One key addition that will be incorporated into the algorithm 
is machine learning, especially once more trials of the 
experiment are conducted and the number of compositions 
for which data is collected is increased. In this case, machine 
learning will be key to sort through the large amounts of data 
and identify trends that can be used to compare different 
compositions’ spectra. With machine learning, identifying 
the corresponding graphs will be faster, causing the drone to 
detect microplastics with elevated accuracy.

Additionally, sonar detection can be implemented to detect 
microplastics in waters that are not rich in microplastics.⁷ 
If added, the drones can help clean all the waters at various 
depths compared to the current drones that are deployed 
in ocean garbage patches to clean up the rich microplastic 
density there. Sonar detection does not have an impact on 
human activity, so long as high frequency transducers are used 
so humans and marine species cannot hear the sound.⁸ The 

sonar transducer would be a part of the outer hull, where it 
would fire at a fixed angle to cover the most water.⁹ A sonar-
proof casing will protect the transducer from the ocean whilst 
letting sonar frequencies enter and leave. A coding program 
will be implemented where if the sonar transducer obtains 
a signal from an object, the boat will be positioned so the 
current pushes the micro-objects into the PVC pipe and it 
will use the existing methods to determine whether the 
micro-objects were microplastics or not.
�   Conclusion
The results showed that least squares analysis was an overall 

effective method to compare such spectra graphs and deduce 
the mass composition of a given sample. However, there were 
errors in the experiment regarding half of the test cases, as the 
samples in Figures 11, 12, and 13 were not correctly identi-
fied. More improvements including the analysis of the spectra 
graph’s curvature and an increased amount of data are neces-
sary to make the algorithm more accurate.
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misaligned the graph for 100% PET, 
0% LDPE, 0% KOMBU.

Figure 15: 79% PET, 21% LDPE, 
0% KOMBU compared to the spectra 
graph of: 75% PET, 25% LDPE, 
0% KOMBU; peak intensity in the 
1700 nm range. The spectrometer 
accurately detected but misaligned 
the graph for 79% PET, 21% LDPE, 
0% KOMBU.
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ABSTRACT:The HSPB1 gene encodes heat shock proteins and acts as a chaperone by regulating processes and maintaining 
competent proteins induced in response to stresses and injuries. The expression or alteration of this HSPB1 gene can be associated 
with poor survival rates by promoting and proliferating metastasis. Although this gene enhances tumor growth in various cancers, 
gene alteration of HSPB1 has not been reported for stomach cancer. DNA, mRNA, and clinical data of 1512 patient samples 
were analyzed from seven stomach cancer studies by cBioPortal. The data showed that gastric cancer patients with the HSPB1 
amplified gene had a significantly lower survival rate (median survival = 14.3) than the patients with the HSPB1 non-amplified 
gene (median survival = 31.0) (p = 0.033). The median survival month of the patient group with high expression of HSPB1 
(21.2 months) was lower than the group with a low expression of the HSPB1 gene (107.7 months). Overall, patients with a non-
amplified HSPB1 gene had a higher percentage of papillary stomach adenocarcinoma. 

KEYWORDS: Biology; Genetics; HSPB1 gene; Stomach Cancer; Survival Rate.

�   Introduction
Stomach cancer starts when cells in the stomach grow out 

of control. A tumor can be malignant or benign. A malignant 
tumor is threatening, which can develop and spread to differ-
ent organs. A benign tumor implies the tumor can grow but 
would not spread. Cancer can start in any part of the stomach. 
The cause of gastric cancer is multifactorial.¹

Heat shock proteins are proteins induced in response to en-
vironmental, physical, and chemical stresses, and they limit 
damage and help the recovery of cells. They protect protein 
substrates against damage to promote the function of the pro-
teins, prevent aggregation, and prevent the formation of toxic 
inclusion bodies.²

Heat shock proteins strengthen healthy cells by protecting 
cells against stress and injuries, making them more resistant 
to diseases. They are significant regulators of cell proliferation 
and differentiation and implicated in cancer development and 
progression as they are well-established oncoproteins in many 
tumor types.³

The HSPB1 gene provides the necessary information for 
making heat shock proteins; it functions as a chaperone by 
regulating processes and maintaining competent proteins. 
Additionally, it helps cells stay secure from many conditions 
such as injuries and disease. The HSPB1 gene can enhance or 
proliferate cell growth and cancer progression. It can also dis-
play help in tumor growth and can be found in breast cancer, 
colorectal cancer, cervical cancer, liver cancer, and lung cancer, 
in addition to gastric or stomach cancer.⁴

This research aims to find the association between the ge-
netic alterations of the heat shock protein gene HSPB1 and 
the overall survival rate of these stomach cancer patients. Be-
cause stomach cancer is a common type of cancer with one 
of the highest death rates, the analysis of both the genetic 
alteration of the heat shock protein gene and the survival 
rate can help predict the survival of stomach cancer patients. 

Therefore, this research would aim to aid these stomach can-
cer patients by using the HSPB1 heat shock protein gene as a 
novel genetic marker.
�   Methods 
Patient survival analysis by cBioPortal:
cBioPortal is an open-source cancer genomic database.⁵ 

This database provides a patient’s genomic data set published 
from previous studies. In this study, seven previous studies 
with stomach cancer patients' data were analyzed for survival. 
The query “HSPB1” was typed for the input command. Then, 
the selected studies were divided into two groups: the HSPB1 
amplified group and the HSPB1 non-amplified group. The 
Kaplan Meier plot analyzed the overall survival.

Patient clinical analysis by cBioPortal:
The clinical attributes were analyzed in different categories: 

cancer type, 15q status, and 19p status. In clinical analysis, 
seven studies from the previous studies were selected, and 
the stomach cancer patients were divided into two groups: 
HSPB1 amplified group vs HSPB1 non-amplified group.

Kaplan-Meier plot survival analysis :
Gene expression data from 875 stomach cancer patients 

were downloaded from GEO, EGA, and TCGA. The data-
base was analyzed by a PostgreSQL server, which integrates 
gene expression and clinical data. The prognostic value of 
the HSPB1 gene was analyzed by splitting the patient sam-
ples into two groups by quantile expression of the HSPB1. 
Two groups (low vs high expression) were compared by Ka-
plan-Meier survival plot with 95% confidence intervals, and 
log-rank p-value was calculated. The databases and clinical 
data are updated regularly in http://kmplot.com.⁶
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�   Results and Discussion

First the copy number variation of the HSPB1 gene with an 
amplified and non-amplified group was determined, showing 
the difference in the survival rate of patients with gastric can-
cer between the two groups (Figure 1). Because gastric cancer 
is a type of cancer with a low survival rate, this study decided 
to evaluate whether there is a correlation between surviv-
al in months and amplifications of the HSPB1 heat shock 
protein gene. A significant difference according to the given 
data in this figure was observed, where the patient group with 
an amplified HSPB1 gene had a much lower survival rate. 
In contrast, the non-amplified group had a higher one. In 
summary, this led to the conclusion of an existing association 
between the HSPB1 gene amplification and survival rates of 
patients affected by gastric cancer. 

First the difference in types of stomach cancer of patients 
with an amplified HSPB1 gene and a non-amplified HSPB1 
gene with the data was determined (Figure 2). The goal 
was to find an association between amplifications of the 
heat shock protein gene and specific types of gastric cancer 
it causes. A notable difference was observed, where 10.8% 
of patients with the amplified HSPB1 gene had papillary 
stomach adenocarcinoma while only 0.81% of patients with 
the non-amplified HSPB1. Papillary gastric adenocarcinoma 
is a rare histologic entity among gastric adenocarcinomas. 
Although the 5-year survival rate for the PGC did not 
differ significantly, death caused by papillary stomach 
adenocarcinoma was more frequently associated with liver 
metastasis (62%) than with peritoneal dissemination (5%).⁷ 
This result indicates that both HSPB1 amplification and 
papillary stomach adenocarcinoma may be associated with 
decreased survival rates.

Next, the 15q status from both HSPB1 amplified and 
non-amplified patients was analyzed because chromosomal 
imbalances in gastric cancer are often correlated with tumor 
progression. 75% of HSPB1 non-amplified patients lost 
chromosome 15q, whereas only 16.27% of HSPB1 amplified 
patients lost chromosome 15q (Figure 3).  The deletion of 15q 
has been reported in various steps of cancer, such as ovarian 
carcinoma and breast cancer.⁸ The loss of 15q is known to 
be discovered in a late event in most high-grade tumors and 
metastatic breast carcinomas.⁹ This result suggested that both 
15q loss and HSPB1 amplification are associated with the 
decreased patient survival rate.

Additionally, this data set of 19p chromosome status of 
both the HSPB1 amplified and non-amplified patients was 
analyzed with the goal of seeing an association between 
the 19p status and cancer development. It was observed 
that 77.78% of patients with the non-amplified HSPB1 
gene lost the 19p chromosome, while only 27.27% of the 

Figure 1: Overall survival rate of HSPB1 non-amplified (n=1093) and 
amplified (n=29) stomach cancer patients. The dotted line indicated the 
median survival month: HSPB1 non-amplified (median survival month= 
31.0) and amplified group (median survival month= 14.3). A log-rank 
statistical test calculated statistical significance (p= 0.033).  

Figure 2: A comparative analysis of HSPB1 non-amplified and amplified 
patients based on cancer type. A chi-squared test was used to calculate 
statistical significance. (p= 6.12e-5) 

Figure 3: A comparative analysis of HSPB1 non-amplified and amplified 
patients based on 15q chromosome status. A chi-squared test was used to 
calculate statistical significance. (p= 9.15e-5) 
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amplified gene lost chromosome 19p. The data also shows 
that the HSPB1 gene amplified group gained 5.43% of the 
chromosome. Similar losses of this chromosome 19p can be 
found in different types of cancer, such as ovarian cancer, lung 
cancer, breast cancer, and neuroblastoma.¹⁰ Chromosome 19p 
plays a vital role in ovarian carcinogenesis, correlates with 
poor prognosis in neuroblastoma, and lung oncogenesis or 
remote metastasis in breast cancer.¹¹ The result of this figure 
shows an association between the loss of chromosome 19p 
and decreased patient survival (Figure 4).

Since gene amplification promotes over-expression of 
genes, the patient survival rate was further analyzed among 
two different HSPB1 expression groups: high and low 
HSPB1 expression groups. These two groups were selected 
according to various quantile expressions of HSPB1. The 
public databases provided these patient survival cohorts: 

GEO, EGA, and TCGA, and compared by a Kaplan-Meier 
survival plot (kmplot.com). As shown in Figure 5, stomach 
cancer patients with high HSPB1 mRNA expression levels 
had significantly poorer survival rates than patients with low 
HSPB1 expression levels.
�   Conclusion
Accurately predicting the prognosis of cancer states 

and identifying cancer stages may benefit cancer patients. 
For example, molecular markers with clinicopathological 
parameters are often used to predict cancer patients' survival 
rates. However, due to the complexity of cancer, the molecular 
marker for predicting the survival of cancer patients has 
not been well established. This research identified that 
amplification of the heat shock protein gene, HSPB1, can 
be used as a novel marker for predicting a patient's overall 
survival rate. When the HSPB1 amplified patient’s clinical 
status was further analyzed, they were also associated 
with a high percentage rate of papillary cancer type and 
chromosomal loss on 15q and 19p. It was also expected that 
an increased mRNA expression level of HSPB1 may decrease 
patient survival. This expectation was consistent with the 
survival analysis performed by the Kaplan-Meier survival 
plot (Figure 5).

Some overexpressed genes in stomach cancer are the 
HER-2/neu oncogene, the TOP2A gene, the EGFR gene, 
and chromosome 17q, which decrease survival rates.¹² The 
amplification of the HER-2/neu oncogene affects the 
progression of gastric cancer, as it amplifies the amount of 
tumor tissue and therefore reduces the survival rate. There 
is also a correlation between gene amplification and protein 
overexpression of the TOP2A gene shown in gastric cancer.¹³ 
Additionally, the overexpression of the EGFR gene has 
been implicated in the process of tumor cell motility and 
metastasis, which is associated with decreased patient survival. 
Chromosome 17q also is frequently amplified in patients 
with gastric cancer. The increased copy number of many 
genes with high expression levels within this chromosome 
has been identified.¹⁴

Many studies indicate that heat shock protein (Hsp) 
overexpression in many types of cancer cells. This phenomenon 
can be associated with the tumor microenvironment's 
various stress conditions, including low pH, high oxidative 
stress conditions, and low glucose levels. Cancer cells 
reprogram many biological pathways to survive harsh tumor 
microenvironments in response to this stress condition. Hsps 
prevent protein aggregation, which is induced by cellular 
stress.¹⁵ Recently, HSPB1, one of the small Hsps groups, has 
been described as ATP-independent molecular chaperones. 
Many studies indicate that HSPB1 interacts with many pro-
oncogenic proteins that play an essential role in human cancer 
progression. The high expression level of HSPB1 usually 
results in a poor survival rate in many cancers: stomach, 
uterine, breast, ovarian, and kidney.¹⁶

Overexpression of HSPB1 has been identified in both lung 
and breast cancer. The overexpression of the HSPB1 gene 
can also be found in lung cancer, where HSPB1 helps lead 
to tumor invasion and metastasis by enhancing the EMT in 

Figure 4: A comparative analysis of HSPB1 non-amplified and amplified 
patients based on 19p chromosome status. A chi-squared test was used to 
calculate statistical significance. (p= 4.60e-3) 

Figure 5: The overall survival rate of low (n= 557) and high (n=665) 
HSPB1 mRNA expression of stomach cancer patients. The median survival 
of the low HSPB1 expression group was 107.7 months. The median survival 
of the high HSPB1 expression group was 21.2 months. A log-rank statistical 
test was used to calculate statistical significance. (p< 1e-16) 
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lung cancer. The HSPB1 gene may cause deleterious effects 
by allowing cancer cells to evade immune surveillance. The 
overexpression of the HSPB1 gene has also been identified 
in breast cancer. It can enhance cell proliferation, tumor 
development, and the growth of breast cancer cells. It is 
also associated with resistance to apoptosis in human breast 
cancer cells; high levels of HSPB1 expression affect tumor 
susceptibility to cancer treatments and therefore decrease 
survival rates.¹⁷

The next goal of this research is to find the functional role of 
a high expression level of HSPB1 on cancer cell progression. In 
vitro experiments will be performed to find the novel function 
of HSPB1 on stomach cancer. These findings may lead to the 
development of a novel stomach cancer therapy. 
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ABSTRACT:Severe acute respiratory syndrome coronavirus 2 (SARS-COV2), a highly contagious virus, has caused a pandemic 
of a respiratory disease named coronavirus disease 2019 (COVID-19). The disease can be fatal because of a systematic cytokine 
storm that causes excessive inflammatory responses in the lungs. However, no drugs are available to calm severe inflammatory 
responses that cause lung injury. Through its antioxidant activity and ability to release different anti-inflammatory cytokines, 
curcumin could be used as a therapeutic drug for COVID-19. Also, cancer-derived exosomes, which can carry biological molecules 
inside the cell, induce immunosuppression within the tumor microenvironment. Previous research indicated that curcumin does 
not inhibit TNF and IL-2 in COVID-19 patients and has a limited effect on inhibiting cytokine storms. To solve this limitation 
of curcumin treatment, we hypothesized that exosome encapsulated curcumin would enhance the inhibiting effect on cytokine. 
We tested a total of 12 conditions using curcumin and exosomes in different concentrations and ratios on T-cells ( Jurkat), finding 
the optimal condition for inhibiting TNF and IL-2. As a result, we found that the 1:3 ratio (curcumin: exosome) treatment most 
efficiently inhibits the expression of TNF and IL-2 in Jurkat cells. Our result indicates that encapsulating the curcumin with an 
exosome can be used as a therapeutic application on calming the cytokine storm for COVID-19 patients. 

KEYWORDS: Biology; Cell biology; Curcumin; Exosome; Cytokine Storm; COVID-19.

�   Introduction
At the end of 2019, Severe acute respiratory syndrome 

coronavirus 2 (SARS-CoV-2) emerged in Wuhan, China, 
and caused an outbreak of an unusual viral pneumonia.¹ This 
novel coronavirus disease, known as coronavirus disease 2019 
(COVID-19), has spread fast worldwide. The ongoing ep-
idemic of COVID19 still threatens global public health in 
2022.²

While COVID-19 has caused a million deaths worldwide, 
approximately 15% of the patients developed respiratory failure 
from acute respiratory distress syndrome (ARDS), a product 
of inflammatory cytokine storm.³ Notably, COVID-19 has a 
broad spectrum of disease severity for the patients, including 
ARDS. Previous research showed that ARDS and cytokine 
storm is a causative syndrome of death in over 70% of fatal 
COVID-19 cases, where inflammatory responses occur ag-
gressively.⁴ As respiratory disorder caused by ARDS is the 
leading cause of death from COVID-19, many immune cells 
resulting from the cytokine storm are activated in the lungs.⁵

Curcumin is a polyphenol pigment derived from the pe-
rennial plant Curcuma longa L., commonly known as the 
turmeric spice. It inhibits tumor cell proliferation, regulates 
anti-inflammation, and induces a neuroprotective effect on 
brain cells.⁶ A previous study aimed to evaluate the efficacy of 
curcumin (dose- 160 mg in four 40 mg capsules daily for 14 
days) on regulating the levels of inflammatory cytokines  IL-
1β, IL-6, TNFα, and IL-18.7 They found out that decreased 
expression and secretion of IL-1β and IL-6 were achieved in 
COVID-19 patients.⁷ However, there was no positive effect 
on TNFα concentration and IL-2 expression with curcumin 
treatment. 

To solve this limitation of curcumin treatment on in-
hibiting cytokines, we used cancer-derived exosomes to 
encapsulate the curcumin. Many research papers indicated 
that cancer-derived exosomes have an immunosuppressive 
effect in the tumor microenvironment.⁸ Tumor-derived exo-
somes from glioma (brain cancer) decreased the expression 
level of TNFα, IL-2, IFN-γ, IL-4, IL-5, IL17, GM-CSF of 
Jurkat cells.⁹

As TNFα and IL-2 are present in the blood and disease 
tissues of patients with COVID-19, it acts as an amplifier 
of inflammation and is essential in acute inflammatory re-
actions.¹⁰ Moreover, excessive production of both TNF and 
IL-2 is involved in inducing cytokine storms, which may 
cause severe damage to lung tissue.¹¹ Therefore, in this exper-
iment, we tested a total of 12 conditions using curcumin and 
exosomes in different concentrations and ratios on T-cells 
( Jurkat), analyzing its potential effect on inhibiting TNF and 
IL-2. 
�   Methods 
Cell culture and maintenance:
Jurkat and A172 cells were purchased from Korea Cell Line 

Bank. The cells were maintained in RPMI 1640 media (Gib-
co) in a 5 % CO2 incubator at 37 ℃ (Eppendorf ). The cells 
were subcultured into a new plate every three days to maintain 
the cells in healthy condition. 

RNA Extraction from cultured cell:
After adding 400 μL RB Buffer (lysis buffer) to the cell pel-

let and 300 μL ethanol (80%) to the cell samples, transfer the 
samples to the 2 mL collection tubes. The cells were centri-
fuged at 14,000 rpm for 20 seconds. Repeat the centrifuging 
process after adding each 700μl RWA1 Buffer (washing buf-
fer 1) and 500 μl RWA2 Buffer (washing buffer 1). The 
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ethanol was completely removed from the tube by centrifug-
ing the tube once more at 14,000 rpm for 1 minute. 50~200 
μL of ER Buffer (elution buffer) was added to the new tube 
after transferring the cells. After waiting 1 minute at room 
temperature (15~25 ℃), centrifuge the tubes at 10,000 rpm 
for 1 minute to elute.  

cDNA synthesis:
For each cDNA synthesis reaction sample, we added 1 μL 

RT Buffer, 0.5 μL RT enzyme, 1 μL dNTP mixture, 0.5 μL T 
primer, and 7 μL of RNA, with a total of 10 μL. This step was 
repeated 13 times to make 13 samples for cDNA synthesis. 
Then, the reaction sample was placed inside a thermocycler 
machine to synthesize cDNA from extracted RNA. The fol-
lowing temperature and time conditions were used: 1) 25 ℃ 
for 10 min 2) 45 ℃ for 60 min 3) 95 ℃ for 5 min 4) 4 ℃ 
for sample storage. 

Polymerase Chain Reaction (PCR):
PCR reaction was performed to amplify cDNA of TNFα, 

IL-2, and GAPDH. For each PCR reaction sample, we add-
ed 0.5 μL synthesized cDNA, 17.5 μL water, 1 μL primer-F, 
and 1 μL primer-R, with a total of 20 μL. Pre-mixed PCR 
reaction tubes (Bioneer) were used, and the premix solu-
tion contains DNA Polymerase, dNTP, and buffer mixture. 
The process was repeated 13 times to make 13 samples for 
PCR reaction. The following primer sequences were used 
to amplify TNFα, IL-2, and GAPDH. TNFα Forward: 
CCTCTCTCTAATCAGCCCTCTG, TNFα Reverse: 
GAGGACCTGGGAGTAGATGAG. IL2- Forward:  
TCCTGTCTTGCATTGCACTAAG, IL2- Reverse:  
CATCCTGGTGAGTTTGGGATTC. GAPDH For-
ward:  GGAGCGAGATCCCTCCAAAAT, Reverse: 
GGCTGTTGTCATACTTCTCATGG. The following 
temperature and time conditions were used: 1) 95 ℃ for 3 
min 2) 95 ℃ for 30 sec 3) 61 ℃ for 30 sec 4) 72 ℃ for 25 sec 
5) repeat step 2 to 4 for 34 times 6) 72 ℃ for 5 min 7) 12 ℃ 
for sample storage.

Agarose gel electrophoresis:
Agarose gel was prepared to visualize the amplified cDNA 

of TNFα, IL-2, and GAPDH. To prepare the gel, 1.3 g aga-
rose was added to 100 mL of TBE Buffer. After microwaving 
for 3 minutes until the mixture is completely solubilized, we 
added 5 μL of Red Safe (Intron) DNA staining solution. For 
the gel to be completely solidified, we poured the solution 
into the gel caster and wait for 20 minutes. After the gels 
were solidified, the gel was placed inside the gel tank. The 
TBE buffer was poured until the gel was completely sub-
merged. Then, 7 μL of amplified cDNA sample was carefully 
loaded into the empty well of the agarose gel. The gel was run 
for 20 minutes and placed on the blue illuminator to visual-
ize the amplified DNA band. Then, the photo was taken to 
analyze the band intensity. The band intensity was quantified 
using the ImageJ program.

Statistical test analysis:
An unpaired t-test was used to calculate the statistical sig-

nificance. Prism 8 program was used to calculate the p-value, 
and a p-value less than 0.05 was considered to be statistically 
significant. 

�   Results and Discussion

We prepared 12 different treatment conditions in this 
experiment. We used lipopolysaccharide (LPS), which is 
a natural adjuvant synthesized by gram-negative bacteria 
to activate the human T-cell ( Jurkat). The high expression 
level of TNF-α and IL-2 represents the cytokine storm 
phenotype. GAPDH was used to normalize the expression 
level of TNF-α and IL-2. This experiment aims to find the 
optimal condition for inhibiting the expression level of both 
TNF-α and IL-2. As we expected, when we compared the 
band intensity of TNF-α and IL-2 between no treatment 
and LPS only condition, LPS treatment increased the band 
intensity of both TNF-α and IL-2 on Jurkat cells (Figure 1). 
Also, the individual treatment of both curcumin and exosome 
decreased the band intensity of TNF-α and IL-2 compared 
to the LPS only condition. This result indicates that both 
curcumin and exosome inhibit TNF-α and IL-2 dependent 
cytokine storms.

Next, we tested the combination treatment of curcumin 
and exosomes. We investigated four different combination 
conditions by increasing the concentration of both curcumin 
and exosomes up to four times. The combination treatment 
of 1X and 2X showed lower band intensity of both TNF-α 
and IL-2. However, combination treatment of 3X and 4X 
showed increased band intensity compared to 1X and 2X. 
In addition, we also tested four different ratios of curcumin 
to exosome. All four combination treatments with different 
ratios decreased the band intensity of both TNF-α and IL-2 
compared to LPS only condition. In conclusion, our result 
indicates that combination treatment effectively inhibits the 
expression level of both TNF-α and IL-2, which may block 
the cytokine storm on T-cells.

To find the optimized condition that efficiently inhibits 
TNF-α dependent cytokine storm, we quantified the gene 
expression level of TNF-α in all twelve conditions. Compared 
to LPS only condition, we found that Ratio (1:3) significantly 
decreased the expression level of TNF-α in Jurkat cells (Figure 
2). Since an increased expression level of TNF-α is commonly 
found in the COVID-19 patient’s blood with severe cytokine 
storm, this treatment condition may calm the overexpression 
of TNF-α, inhibiting inflammation in patients’ lung tissue. 

Figure 1: The expression level of TNF-α, IL-2, and GAPDH on Jurkat cells 
using 12 different treatment conditions: 1) no treatment (negative control), 
2) LPS only, 3) LPS+ Curcumin, 4) LPS + Exosome, 5) LPS+ Combination 
(1X), 6) LPS+ Combination (2X), 7) LPS + Combination (3X), 8) LPS + 
Combination 4X), 9) LPS + Ratio (1:2), 10) LPS+ Ratio (1:3), 11) LPS + 
Ratio (2:1), 12) LPS +Ratio (3:1) 
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To find the optimized conditions that efficiently inhibit 
IL-2 dependent cytokine storm, we quantified the gene 
expression level of IL-2 in all twelve conditions. Compared 
to LPS only condition, we found that Ratio (1:3) significantly 
decreased the expression level of IL-2 in Jurkat cells (Figure 
3). A high expression level of IL-2 is found in COVID-19 
patients since it induces a severe cytokine storm in 
COVID-19 patients’ lungs. Previous studies indicated that 
curcumin treatment did not effectively suppress IL-2 in 
COVID-19 patients. However, our result showed that this 
Ratio (1:3) treatment would efficiently prevent the cytokine 
storm induced by IL-2.

Previous research indicated that curcumin alone did 
not inhibit TNF-α and IL-2 dependent cytokine storm. 
Therefore, our experiment aimed to find an optimal condition 
that efficiently inhibits TNF-α and IL-2 dependent cytokine 
storm on T-cells. In this study, we tested three treatment 
conditions with varying curcumin and exosome concentrations 
and ratios; a total of twelve conditions were investigated in this 
study. Since exosomes efficiently deliver the cargo into target 
cells, we expected that exosome encapsulated curcumin would 
be delivered more efficiently rather than curcumin treatment 
alone. As a result, combination treatment with a ratio (1:3) 
demonstrated the most efficiency in inhibiting both TNF-α 
and IL-2 expression on T-cells. The prolonged half-life and 
increased delivery efficiency via exosome encapsulation may 
enhance the stability and activity of curcumin to block the 
cytokine storm (Figure 4).
�   Conclusion
COVID-19, which is caused by SARS-CoV-2, is expressed 

by diverse symptoms ranging from moderate fatigue to 
life-threatening problems, including cytokine storm and 
multiorgan failure.¹² Importantly, cytokine storm was also 
found in patients with SARS and often led to poor outcomes. 
Previous studies indicated that cytokine blockades improved 
the survival rate of patients with COVID-19 who are at 
risk of respiratory failure.¹³ However, since many cytokines 
induce inflammation in the lungs, current cytokine blocking 
treatment is limited. Also, previous studies showed that high 
serum IL-2, IL-6, IL-8, and TNF-α levels at the time of 
hospitalization were strong and independent predictors of 
low patient survival rates.¹⁴ Therefore, our study aims to find 
the effect on blocking TNF-α and IL-2. 

We focused on curcumin treatment, which has shown 
blocking inflammation effects on COVID-19 patients. 
However, curcumin alone cannot block IL-2 and TNF-α 
dependent inflammation.¹⁵ To increase the efficacy of 
blocking both IL-2 and TNF-α, we encapsulate the curcumin 
with human brain cancer cell exosomes, which are known to 
change the cytokine molecules in T-cell. As we hypothesized, 
the combination treatment of curcumin and exosomes with 
1:3 ratio showed the most effective blocking of cytokines of 
IL-2 and TNF-α. This result indicates that our new method 
can be applied to patients with COVID-19 dependent 

Figure 2: The ratio (1:3) treatment condition significantly decreased the 
expression level of TNF-α compared to LPS only condition. Normalized 
TNF-α expression level was calculated using the following equation: (band 
intensity of TNF-α) / (band intensity of GAPDH). The mean and standard 
deviation is graphed. (n= 2), Unpaired t-test, ** P< 0.01.  

Figure 3: The ratio (1:3) treatment condition significantly decreased the 
expression level of IL-2 compared to LPS only condition. Normalized TNF-α 
expression level was calculated using the following equation: (band intensity 
of IL-2) / (band intensity of GAPDH). The mean and standard deviation is 
graphed. (n= 2), Unpaired t-test, * P< 0.05. 

Figure 4: The proposed model for exosome encapsulated curcumin delivery 
that inhibits cytokine storm. Three treatment conditions were listed: 1) 
curcumin only, 2) exosome only, 3) Exosome-encapsulated curcumin.  
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inflammations for calming the cytokine storm. We speculate 
that 1:3 ratio (curcumin:exosome) efficiently delivers the 
curcumin to the T-cell and may exhibit the most effective 
blockage of cytokine storm-related genes. Also, there is a 
possibility that the exosome itself has the blocking effect of 
the cytokine storm. However, further experiments are needed 
to confirm how 1:3 ratio efficiently blocks the cytokine storm. 

One of the limitations of our study is that only Jurkat T-cell 
was used during the experiment. More types of immune cells 
(T-cells) should be used to validate our experimental results. 
Moreover, a mouse model should also be tested to confirm 
our results, while our study only performed cell experiments. 
In the future, clinical studies comparing control groups to 
exosome encapsulated curcumin treatment groups should 
be performed. Another limitation is that our experiment 
only investigated blocking IL-2 and TNF-α. As cytokine 
storms can be induced by hundreds of genes depending 
on growth factors and hormones, we should explore more 
types of cytokine genes that can be controlled by exosome 
encapsulated curcumin. 
�   Acknowledgements
I would like to express my special thanks to my primary su-

pervisor who guided me throughout this project in terms of 
research and experiments. I would also like to show apprecia-
tion to my family who supported me and allowed me to extend 
my insight into the study.   

 �   References
1. Dhama, K.; Khan, S.; Tiwari, R.; Sircar, S.; Bhat, S.; Malik, Y. S.; 

Singh, K. P.; Chaicumpa, W.; Bonilla-Aldana, D. K.; Rodri
guez-Morales, A. J. Coronavirus Disease 2019-COVID-19. Clin. 
Microbiol. Rev. 2020, 33 (4)..

2. Van Kerkhove, M. D. COVID-19 in 2022: Controlling the Pan
demic Is within Our Grasp. Nat. Med. 2021, 27 (12), 2070.

3. Tang, Y.; Liu, J.; Zhang, D.; Xu, Z.; Ji, J.; Wen, C. Cytokine Storm 
in COVID-19: The Current Evidence and Treatment Strategies. 
Front. Immunol. 2020, 11, 1708.

4.  Hojyo, S.; Uchida, M.; Tanaka, K.; Hasebe, R.; Tanaka, Y.; Muraka
mi, M.; Hirano, T. How COVID-19 Induces Cytokine Storm with 
High Mortality. Inflamm. Regen. 2020, 40, 37.

5. Conti, P.; Caraffa, A.; Gallenga, C. E.; Ross, R.; Kritas, S. K.; Fry
das, I.; Younes, A.; Ronconi, G. Coronavirus-19 (SARS-CoV-2) 
Induces Acute Severe Lung Inflammation via IL-1 Causing Cyto
kine Storm in COVID-19: A Promising Inhibitory Strategy. J. 
Biol. Regul. Homeost. Agents 2020, 34 (6), 1971–1975..

6. Hewlings, S. J.; Kalman, D. S. Curcumin: A Review of Its Effects on 
Human Health. Foods 2017, 6 (10).

7. Ahmadi, R.; Salari, S.; Sharifi, M. D.; Reihani, H.; Rostamiani, M. 
B.; Behmadi, M.; Taherzadeh, Z.; Eslami, S.; Rezayat, S. M.; Jaa
fari, M. R.; et al. Oral Nano-Curcumin Formulation Efficacy in 
the Management of Mild to Moderate Outpatient COVID-19: 
A Randomized Triple-Blind Placebo-Controlled Clinical Trial. 
Food Sci. Nutr. 2021, 9 (8), 4068–4075.

8. Olejarz, W.; Dominiak, A.; Żołnierzak, A.; Kubiak-Tomaszewska, 
G.; Lorenc, T. Tumor-Derived Exosomes in Immunosuppression 
and Immunotherapy. J. Immunol. Res. 2020, 2020, 6272498.

9. Domenis, R.; Cesselli, D.; Toffoletto, B.; Bourkoula, E.; Capon
netto, F.; Manini, I.; Beltrami, A. P.; Ius, T.; Skrap, M.; Di Lore
to, C.; et al. Systemic T Cells Immunosuppression of Glioma 
Stem Cell-Derived Exosomes Is Mediated by Monocytic My
eloid-Derived Suppressor Cells. PLoS ONE 2017, 12 (1), 

e0169932.
10.Luo, W.; Zhang, J.-W.; Zhang, W.; Lin, Y.-L.; Wang, Q. Circu

lating Levels of IL-2, IL-4, TNF-α, IFN-γ, and C-Reactive 
Protein Are Not Associated with Severity of COVID-19 Symp
toms. J. Med. Virol. 2021, 93 (1), 89–91.

11.Costela-Ruiz, V. J.; Illescas-Montes, R.; Puerta-Puerta, J. M.; Ruiz, 
C.; Melguizo-Rodríguez, L. SARS-CoV-2 Infection: The Role of 
Cytokines in COVID-19 Disease. Cytokine Growth Factor Rev. 
2020, 54, 62–75..

12.Coperchini, F.; Chiovato, L.; Croce, L.; Magri, F.; Rotondi, M. 
The Cytokine Storm in COVID-19: An Overview of the In
volvement of the Chemokine/Chemokine-Receptor System. Cyto
kine Growth Factor Rev. 2020, 53, 25–32.

13.Jose, R. J.; Manuel, A. COVID-19 Cytokine Storm: The Interplay 
between Inflammation and Coagulation. Lancet Respir. Med. 
2020, 8 (6), e46–e47.

14.Del Valle, D. M.; Kim-Schulze, S.; Huang, H.-H.; Beckmann, N. 
D.; Nirenberg, S.; Wang, B.; Lavin, Y.; Swartz, T. H.; Madduri, D.; 
Stock, A.; et al. An Inflammatory Cytokine Signature Predicts 
COVID-19 Severity and Survival. Nat. Med. 2020, 26 (10), 1636–
1643.

15.Zahedipour, F.; Hosseini, S. A.; Sathyapalan, T.; Majeed, M.; Jami
alahmadi, T.; Al-Rasadi, K.; Banach, M.; Sahebkar, A. Potential 
Effects of Curcumin in the Treatment of COVID-19 Infection. 
Phytother. Res. 2020, 34 (11), 2911–2920. 

�   Author
Seongwon Park is a junior in Branksome Hall Asia. She 

plans to major in biochemistry at her future university. With 
an interest in the biochemistry field, she is currently in various 
science clubs in school. She also gave a talk related to this field 
in the TEDx event held in her school. Moreover, she is a mem-
ber of the varsity volleyball team.. 

 ijhighschoolresearch.org



© 2022 Terra Science and Education 102 DOI: 10.36838/v4i5.17

RESEARCH ARTICLE

Poacher Activity Detection Device for Wildlife Conservation        
Shreya Kakhandiki                   
Lynbrook High School, 1280 Johnson Ave, San Jose, CA 95129, USA; shreya.kakhandiki@gmail.com  

ABSTRACT:The scale of the wilderness makes it extremely difficult to constantly patrol for poaching activity. Consequently, 
there is an urgent need for an effective automated tool to curb poaching. The goal of this project was to build a low-cost device 
that can be installed in wilderness areas as well as on surveillance drones and can send real-time alerts of poaching activity to 
park officials. The device hardware consists of a Raspberry Pi computer with a power bank, camera, and an antenna. The test data 
mainly consisted of publicly available images of wild animals and humans in the wilderness. An image classification algorithm 
was built using a set of pre-trained AI models to detect the presence of humans, weapons, and animals in a photo; this algorithm 
was implemented on a device that can be used to notify officials of possible poaching activity. The device successfully meets all 
engineering goals. The design costs about US$100, takes about 5 minutes to run per image, is over 90% accurate in recognizing 
humans, weapons, and animals in all the test images, and can generate notifications. The poacher activity detection device may 
help rangers monitor large areas and decrease poaching activity. 

KEYWORDS: Ecology; Camera Trap; Poacher Detection; Wildlife Conservation; Artificial Intelligence; Machine Learning; 
Facial Recognition; Raspberry Pi.

�   Introduction
Wildlife poaching poses an ongoing, significant threat to 

global biodiversity.¹,² Numerous studies have demonstrated 
that poaching is causing significant population declines in 
several more common species³-⁵ and benefits insurgent groups 
and criminal networks around the world.³ 

Preventative action requires significant resources and con-
stant monitoring. Moore et al.⁸ looked at the effect of ranger 
posts and patrols in detecting and mitigating poaching threats, 
examining factors influencing the spatio-temporal dynamics 
of these threats, and testing the efficiency of management 
actions. This study highlights the need to increase patrol 
resources. Unfortunately, they require significant budget ex-
pansion which is often an intractable problem in developing 
countries. Furthermore, depending on the geographical re-
gion, the size and scale of reserve land makes it extremely hard 
for constant human patrolling. There is an inherent human 
safety issue as well; hundreds of rangers and volunteers have 
been killed by poachers.⁹,¹⁰ As a result of this, poaching is of-
ten only recognized after the fact, at the risk of both animals 
and rangers. We have a clear and urgent need for an automat-
ed real-time tool to detect and curb poaching. 

The goal of this project is to introduce a low-cost, scalable 
approach to wildlife conservation by developing a wildlife 
monitoring device that can alert the appropriate agency in re-
al-time when poaching activity is detected. The entire system 
needs to be easy to install and maintain, widely deployable in 
any geographical region, offers one of the lowest cost solu-
tions, and is based on standard components widely available 
today to promote a self-serve approach for anyone who wishes 
to deploy such devices in mass quantities. Releasing the device 
designs publicly will ensure that a maximum number of peo-
ple will be able to build and deploy these devices rapidly and 

extensively for immediate impact on our planet’s dwindling 
wildlife.

The project leverages recent innovations in computing 
hardware and software, motion sensors, AI-based image 
classification algorithms, solar cells, and satellite technolo-
gy. This is packaged into a reference architecture design that 
anyone can reproduce, complete with hardware specifications, 
assembly instructions, and software components for rapid de-
ployments anywhere in the world. 

Related work:
Current preventative efforts and solutions to poaching can 

be classified into the following three main categories: risk 
prediction, wildlife monitoring, and threat monitoring.

Risk prediction:
Poaching risk prediction techniques have evolved from sta-

tistical analyses in the past to current approaches based on 
artificial intelligence (AI). The goal of these solutions is to 
predict where the poaching threat is greatest so appropriate 
resources can be mobilized in these areas. A potential short-
coming of this class of solutions is that poachers can simply 
move to other areas to avoid detection.

Risk prediction techniques can be further divided into two 
categories: statistical and GIS-based techniques, and AI-
based techniques.

Statistical and GIS-based risk prediction
These techniques use statistical analyses incorporating geo-

spatial elements of the physical environment to create risk 
maps indicating the highest areas of risk.¹¹ Typical high-risk 
areas occur near roads or water features that make it easy for 
poachers to haul animals to their destination.

AI-based risk prediction
These techniques use AI to predict when and where poach-

ers are most likely to strike. Protection Assistant for Wildlife 
Security (PAWS)¹² is an AI system that predicts poaching 
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risk levels in different areas of a wildlife preserve and helps 
rangers patrol more efficiently.¹³ PAWS’s machine-learning 
algorithm uses data from past patrols to predict where poach-
ing is likely to occur in the future. It also uses a game-theory 
model to generate randomized, unpredictable patrol routes so 
poachers can’t see any patterns to dodge rangers.  

Wildlife Monitoring using image analysis:
Wildlife monitoring techniques consist of identifying 

animal populations and even individual animals. Such tech-
niques help gauge the decline of specific species in a region. 
These techniques are effective when supported by wider re-
gional coverage and a large number of images taken from 
several different vantage points. A great example of this is 
the Wildbook project,¹⁴ which identifies individual animals 
in images uploaded by conservation scientists, rangers, and 
tourists. 

Threat monitoring:
Monitoring of poaching threats via aerial surveillance
These techniques typically use manned planes or un-

manned drones for aerial surveillance, taking pictures and 
videos that can be analyzed, often using computer-vi-
sion-based analysis to recognize animals and humans.¹⁵ A 
potential drawback of aerial surveillance is that it requires 
ultra-high-resolution cameras (due to long distances to the 
subjects) that are very expensive. Photos from the above may 
miss capturing important features needed for species detec-
tion. Another downside to this technique is that it only works 
with large species in open habitats (i.e., savannas and whales 
in the ocean). Manned planes are expensive besides leaving a 
large carbon footprint impacting the very environment that 
wildlife relies on to survive. Consequently, these techniques 
are very difficult to scale worldwide.

Monitoring of poaching threats via camera traps
Camera traps are a relatively inexpensive method for cap-

turing high-quality photos of animals and can be installed on 
a large scale for wide regional coverage. Due to these charac-
teristics, camera traps are a useful tool in combating poaching. 
Examples of these include the Resolve organization, which, 
with Intel, has developed TrailGuard AI,¹⁶ an anti-poaching 
camera trap system. While it has a long battery life and is ca-
pable of running AI models on the device, it still costs around 
$800 to manufacture. Maintenance costs are relatively high 
due to the lack of modular, replaceable components.
�   Methods 
Device requirements:
The project goals can be translated into specific require-

ments for the poacher activity detection device prototype. 
The requirements include cost requirements (cost to assem-
ble, cost to replace/repair), physical requirements (weight, 
form factor), performance requirements (accuracy, power 
consumption), to functional requirements (motion detection, 
animal and human detection, alerting authorities based on 
different conditions). These requirements were formulated 
such that the devices can be deployed practically with fairly 
high density in high-risk poaching areas. 

Cost requirements:
The device should be low-cost, preferably costing less than 

US $100 to make it viable to deploy in arrays to cover large 
areas of wildlife preserves and parks. It should consist of stan-
dard, widely available components that can be individually 
replaced in case of malfunction or failure to reduce the cost 
of maintenance. 

Physical requirements:
The device needs to weigh less than 500 grams to make it 

very portable and install it in hard-to-reach places and can be 
carried by small drones. It also needs to have a compact form 
factor (not bigger than 10cm x 10cm) that makes it easy to 
camouflage for discrete installations that can go undetected 
by poachers to prevent vandalism and theft.

Power requirements:
The device should run on natural renewable power sources 

such as solar so it can be installed in remote areas as well as 
surveillance drones that may not have access to regular pow-
er supplies. It should be efficient in power consumption to 
continuously run on small solar panels. It should also incor-
porate motion sensors and take pictures only when motion is 
detected, thereby reducing the volume of data to be transmit-
ted over long distances. In habitats where daylight is limited, 
such as dense forests, the devices could run on battery power, 
and they would need to be maintained by park rangers. 

Functional requirements:
The device should be able to run AI algorithms locally and 

should leverage widely available, commodity hardware.
Software on the device should be able to process images 

and detect animals, humans, or weapons, analyze these imag-
es for conditions that indicate a poaching threat, and notify 
appropriate authorities. To differentiate between rangers and 
possible threats, the device should be able to perform facial 
recognition on any humans in the frame. Based on the threat 
level it detects, the device should be able to send near-real-
time alerts (within 10 minutes) to park rangers so they can 
respond quickly and effectively. It should be capable of de-
tecting animals and humans with at least 90% accuracy to be 
an effective tool. 

Device design:
We elected to use a Raspberry Pi with GSM / GPRS / 

GNSS modem (Figure 1) as the device hardware since it 
meets the requirements of being low-cost, small, low-power 
(10 watts), and sufficiently compute-capable (1.5 GHz, quad-
core CPU) to run AI models. The Raspberry Pi is widely 
available at a cost of US $35. Other devices were considered 
but rejected either due to insufficient computing power to run 
AI models, higher costs, or insufficient connectivity options. 
The Raspberry Pi also has some key advantages in creating 
a device that is optimized for performance and functional-
ity. It can run Linux, which has a good cadence of security 
and functionality updates that can be applied remotely. It also 
has a set of pins that can be easily connected to a wide vari-
ety of sensors and programmed. Storage is on standard SD 
cards which are available widely and cheaply. SD cards can 
be imaged from the internet for instant-on capability for the 
system. The Raspberry Pi can run Python development and 
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runtime environments along with all the associated AI 
libraries and models that are necessary for training and 
automated detection.

After deciding to use a Raspberry Pi as the device’s computer, 
a prototype was built with a small solar power bank, a camera, 
an infrared motion sensor, and a GPRS modem. This entire 
prototype setup (Figure 2) weighed less than 500 grams and 
can be reduced with further prototyping. The exposure of the 
motion sensor and the camera can also be reduced greatly 
as we fine-tune the prototype. Smaller camera form factors 
are currently being explored for this purpose. The size of 
the structure could be substantially reduced as well in future 
iterations. 

The next step was camouflaging the device (Figure 3). The 
prototype was placed in a structure that looks like a bird’s 
nest. The entire device was hidden inside with only the 
motion sensor and the camera exposed, and the “bird's nest” 
was placed on a tree branch and further camouflaged with 
foliage from the tree. The overall system can be hidden inside 
a tree trunk or among rocks by covering an optional enclosure 
in some soil etc. Of all the aspects of the device, camouflaging 
is perhaps the easiest to improve on, as we can change the 
outer casing of the device to match any environment.

Algorithm design:
The core algorithm of the device consists of various 

components working together based on certain trigger events 
and the contents of the photos taken by the camera. Details of 
the overall workflow combining the algorithms can be found 
in Figure 4 below. A high-level description of the algorithm 
is as follows:

1. A photo is taken by the camera when the motion sensor 
is triggered due to motion in the environment.

2. The photo is analyzed for the presence of animals and/or 
humans as well as for the presence of any weapons.

3. Further analysis is done to classify the animal species 
and check whether the human is a local park ranger or an 
unknown individual.

4. The appropriate alert level is set triggering a potential 
alert to park/preserve authorities, e.g., if an unknown human 
with a weapon is detected, this triggers the highest poaching 
threat level (see detailed description of alert logic in a later 
section).

Software components:

Once this approach was decided on, the appropriate AI 
libraries needed to be pinpointed for each of the four com-
ponents. 

Human/animal/vehicle detection:
The MegaDetector¹⁷ model was found to be best suited 

for detecting humans, animals, and vehicles in images. The 
MegaDetector model is specially trained for conservation 
biologists to identify humans and animals in camera trap 
images from a variety of ecosystems. MegaDetector is used 
in the current system to avoid running species classification 
and ranger identification on empty images, as well as to crop 
the relevant objects from the image to speed up downstream 
analysis (Figure 5).

Figure 1: Raspberry Pi board  

Figure 2: Device set-up. 

Figure 4: Device set-up. 

Figure 5: Detection of animals, humans, and vehicles with MegaDetector.  Figure 3: Camouflaged device.  
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Weapon detection and species classif ication:
MobileNetV2 is a lightweight model pre-trained on weap-

ons and animal species from the ImageNet database and is 
highly suited for our device here. Given the constraints of the 
high speed and low memory of the Raspberry Pi device, we 
selected the MobileNet v2¹⁸ classifier based on an analysis 
done by Bianco et al.¹⁹ Some of the other networks that were 
evaluated did not have versions compatible with the Raspber-
ry Pi and were hence ruled out.

MobileNetV2 also serves the purpose of classifying animal 
species (Figure 6). It has very good accuracy for detecting a 
variety of animal species and new species are being added on 
an ongoing basis by researchers worldwide. At this time, Mo-
bileNetV2 was chosen for this purpose as it is widely available 
and is actively being enhanced by a large number of stake-
holders.

Poacher/non-poacher classif ication:
To detect whether the human in the photo is a ranger or a 

potential poacher, we must perform face recognition. Identi-
fying individual poachers is difficult since there is no readily 
available database of poachers. Even if such a database existed, 
it would become obsolete rapidly since one would need to add 
new poachers promptly.

To overcome these real-world constraints, we decided to 
train a face recognition system for known rangers, and mark 
everyone else as unknown. The database of rangers and other 
associated park personnel is much more reliable and can be 
kept up to date easily. The device identifies humans that are 
not poachers (rangers and other park officials). An alert is gen-
erated if the human is not recognized by the device, indicating 
a possible poacher. This approach can be further augmented 
in the future by adding photos of known poachers who pose 
a high threat to alert police authorities quickly in case such 
poachers are found by the device in a wildlife preserve.

For facial detection, the well-known FaceNet²⁰,²¹ model 
(Figure 7) was selected. FaceNet uses MTCNN with trip-
let loss for improved accuracy over other existing models. It 
is lightweight and only needs 2-3 images/person to train it 
to recognize the person. Furthermore, it is compatible with 
Raspberry Pi, making it highly suited for the poaching de-
tection device. 

Alert rules:
An important part of the overall design of the poaching 

detection device was designing the rules that would establish 
the threat levels and send out appropriate alerts (Figure 8). 
The logic for the alerting rules is based on the threat level 
perceived by the device per its analysis of the photo taken. It 
is as follows:

● If the photo contains only an animal, the threat level is 0, 
no alert needs to be sent.

● If the photo contains a human that is recognized as a 
ranger, the threat level is still 0, no alert needs to be sent.

● If the photo contains only a human that is unknown, the 
threat level is 1 and an alert needs to be sent that an unknown 
person is on the park / preserve land.

● If the photo contains an animal and an unknown human, 
the threat level is 2 and an alert needs to be sent that an un-
known person is close to an animal and represents a poaching 
threat.

● If the photo contains an unknown human with a weap-
on, the threat level is 2 and an alert needs to be sent that an 
unknown person with a weapon is on the park / preserve land 
and represents a hunting / poaching threat.

● If the photo contains an animal with an unknown human 
with a weapon, the threat level is 3. This is the highest threat 
level, and an alert needs to be sent immediately that there is 
an imminent poaching threat.

�   Results and Discussion
Each of the three components (MegaDetector, 

MobileNetV2, FaceNet) of the Protego device were separately 
tested for performance accuracy. The entire device was then 
tested for overall end-to-end performance. Performance 
metrics were chosen as appropriate for each component and 
are described in each section below.

Animal and human detection:
The MegaDetector network has been developed to detect 

three classes: animals, humans, and vehicles. It is used in our 
device for detecting the first two classes. Each class detection 

Figure 6: Detection of weapons and classification of species with 
MobileNetV2  

Figure 7: Detection of weapons and classification of species with 
MobileNetV2  

Figure 8: Examples of alert levels. 
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was tested separately, and three metrics were calculated for 
each: 

● ROC-AUC (Receiver Operating Characteristics – Area 
Under the Curve), is created by plotting the true positive rate 
(TPR) against the false positive rate (FPR) at various thresh-
old settings.  The AUC measures the degree of separability 
between the classes being distinguished.

● Sensitivity or true positive rate refers to the proportion 
of positives correctly identified by the detector to the actual 
number of positives. It is a measure of how well a classifier can 
identify true positives.

● Specificity or true negative rate refers to the proportion 
of negatives correctly identified by the detector to the actual 
number of negatives. It is a measure of how well a detector can 
identify true negatives.

Testing was done on 204 negative images (no animals or 
humans in image), 58 images containing animals, and 35 im-
ages containing humans. These images were obtained from 
open-source images (including day/night captures from var-
ious angles) on the internet and were manually labeled. As 
seen in Figure 9, the ROC curves for both the animal and 
human classes are near perfect, with corresponding area un-
der the curve (AUC), sensitivity, and specificity values shown 
below the plot.

Weapon detection:
MobileNetV2 has been thoroughly tested for weapons 

detection accuracy by Mohebban²² in the context of 
improving surveillance systems to address mass shootings. 
He tested the MobileNet detector on 152 images with no 
weapons, 152 images containing handguns, and 137 images 
containing rifles. Figure 10 shows the ROC curves plotted 
for all three classes. The AUC shows as greater than 90% 
for all classes indicating very good performance in detecting 
common weapons.

Ranger identification:
The FaceNet code was tested on 25 “ranger” images (facial 

images of the author). When tested on a single image at a 
time, the FaceNet algorithm shows relatively poor accuracy 
(percent of images correctly identified). Hence a temporal 
filter was added which ran FaceNet on multiple consecutive 
images and the maximum detection value over those images 
is chosen as the final value. For example, if FaceNet identifies 
two out of three images as Ranger A, then the final output is 
set to Ranger A. Applying such a temporal filter significantly 
improves the accuracy of the algorithm as shown in Figure 
11. Temporal filtering also improves robustness when there is 
target motion.  An accuracy of over 90% was observed with 
multiple camera images. Device setting ensures successive 
capture of 5+ images to get to the highest accuracy. 

�   Results
Finally, we measure the end-to-end performance of the 

entire device. Since the Protego device is built to classify the 
input image into four classes (alert levels), we use the confusion 
matrix as a metric to measure its performance.

 A confusion matrix is a summary of prediction results on 
a classification problem. The number of correct and incorrect 
predictions are summarized with count values and broken 
down by each class. This is the key to the confusion matrix. 
The confusion matrix shows how a classification model can be 
confused when it makes predictions. It gives one insight not 
only into the errors being made by your classifier but more im-
portantly the types of errors that are being made.

Figure 12 shows the confusion matrix generated for the Pro-
tego device. A set of 40 images were used to test the device, 
evenly divided among the four classes or alert levels (10 images 
per class). As seen in the figure, the device performed extremely 
well on the test images. Average accuracy came in at 92.5%. 
The most reassuring aspect of the results is that in cases where 
the device failed to correctly generate the alert level, it was only 
off by one level, thus not significantly impacting the outcome.

Figure 9: Mega Detector Test Results. 

Figure 12: Overall device test results (92.5% accuracy). 

Figure 11: FaceNet test results. 

Figure 10: Weapons Detection Test Results. 

ijhighschoolresearch.org



 107 DOI: 10.36838/v4i5.17

�   Conclusion and future work
The proof of concept was successful: all design requirements 

were met, and accuracy was high under test conditions. This 
work sets up the foundation for a low-cost, open platform that 
can be greatly expanded upon by others. There is tremendous 
scope for improvement in the areas of performance and accu-
racy, which can be achieved by innovation and field testing of 
the device. We hope to build on and improve this device in the 
future. 

For example, one of the future goals is to expand the algo-
rithm to detect snares and other poaching tools so that rangers 
can remove them before any animals are caught.  In addition 
to that, a night vision camera would help catch nighttime and 
low light poaching activities. While this will be more expen-
sive than just an ordinary webcam, it will catch a much higher 
percentage of poachers.  Other ideas include estimation of the 
proximity of poacher to animal and include information in the 
alert sent and connecting to the systems like Wildbook to ef-
fectively detect and identify individual animals to protect.

From the field deployment perspective, work needs to be 
done in deploying the device to high poaching risk areas and 
partnering with wildlife protection organizations to test the 
device.
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ABSTRACT: This study was performed to analyze trends in chronic liver disease and influenza during the COVID-19 
pandemic. The CDC VSRR database and the CDC NHSS Pressroom Database were used to analyze chronic liver disease 
mortality rates from 2014 to 2020. Secondary, state level data was analyzed to look for potential correlation between mortality 
rates and “strictness” of COVID-19 restrictions. From 2014-2020, there was a slight increase in national yearly deaths with a 
large increase seen between 2019 and 2020. When analyzing 2019 to 2020 quarterly data, rates appear to increase rapidly after 
2019 Q4. In the state-wide analysis, it was found that states with less restrictive COVID-19 guidelines had higher mortalities 
and mortality rates of chronic liver disease; Iowa saw the highest increase from 2019 Q4 to 2020 Q4 in chronic liver disease/
cirrhosis mortality rates at 38.6%, followed by Nevada at 23.1%, and by Virginia at 22.1%. During the COVID-19 pandemic, 
national chronic liver disease mortality rates significantly increased. There seems to be an association between mortality rates and 
the “strictness” of COVID-19 restrictions at a state level.  

KEYWORDS: Translational Medical Sciences; Disease Prevention; COVID-19; Pandemic; chronic liver disease.

�   Introduction
Chronic liver disease is the 9th leading cause of death in 

the US, and the 11th leading cause of death in the world.¹,² It 
is in the top 20 causes of disability-adjusted years of life lost, 
and accounts for roughly 2% of the worldwide burden. It’s 
yearly economic burden in the US is approximately 2.5 billion 
dollars.³ The healthcare cost was $17,277 for non-cirrhosis 
patients, $22,572 for compensated cirrhosis patients, and 
$59,995 for patients in the final stages of liver disease, with an 
estimated national healthcare cost of 32 billion dollars annu-
ally.⁴ Liver cirrhosis is the final stage in liver disease, which is 
the progressive deterioration of liver functions, caused by scar 
tissue replacing healthy tissue in the liver.⁵,⁶ Although mor-
tality rates vary, those in the moderate stages of liver disease 
have a 60% chance of survival over a two year period.⁷ Those 
with compensated liver disease have a median life expectancy 
of 12 years, while those with decompensated liver failure have 
a median life expectancy of 2 years.⁸  Most people afflicted by 
this condition in the US are ages 45-54.⁹ Although there is no 
definitive cure for chronic liver disease, common treatments 
include: general lifestyle changes (reduced alcohol consump-
tion, losing weight, changes in diet), certain medications, and 
in extreme cases, liver transplants. 

On January 21st, 2020, the first case of COVID-19 in the 
contiguous 48 states was confirmed.¹⁰ As of October 2021, 
there have been 44.9 million cases and 724,000 deaths due 
to COVID-19 in the United States.¹¹ The estimated pro-
jected total economic burden of COVID-19 is $16 trillion.¹² 
This is including but not limited to: economic losses due to 
cumulative and premature deaths, long-term complications, 
and mental health symptoms. It caused states to impose 
lockdowns, close schools, and enforce curfews, all of which 
negatively affected the population. During the ongoing 
COVID-19 pandemic, influenza rates have dropped sig-

nificantly.¹³ This study has explored the trends observed in 
chronic liver disease mortalities compared to influenza during 
the COVID-19 pandemic. It analyzed the effect of distinct 
levels of statewide COVID-19 restrictions on that state’s liver 
disease mortality levels. By doing this, provided new insight 
into the direct correlation between chronic liver disease and 
COVID-19.
�   Methods
Data Source:
Data were acquired from the CDC VSRR Mortality Data-

base, the CDC NCHS Pressroom Database, and the United 
States Census Bureau.¹⁴-¹⁷ The CDC VSRR Mortality Da-
tabase collects quarterly mortality data by age, state, sex, and 
cause of death from 2019-2020. The Census Bureau has 
been collecting population data since 1903 and was used to 
collect yearly populations from 2014-2020. Quarterly pop-
ulations were not available, so quarterly mortality rates were 
derived using yearly populations. The data was divided into 
yearly deaths and mortality rates from 2014-2020, as well as 
quarterly mortality rates from 2019-2020 due to the lack of 
available quarterly data (for both deaths and mortality rates) 
from 2014-2018. Because this study used publicly available 
de-identified data, the study was determined to be exempt 
from Institutional Review Board review.

Inclusion Criteria:
Chronic liver disease/cirrhosis (abbreviated as LD) deaths 

as defined in the CDC VSRR Mortality Database were in-
cluded. Influenza/pneumonia (referred to as influenza going 
forward) deaths were also extracted as a control. For each 
disease, yearly death counts and crude mortality rates are 
reported with quarterly data presented for only 2019-2020. 
Deaths were examined at a national level with secondary 
analysis including three specific states selected based on the 
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severity of that state’s COVID-19 restrictions. The included 
states were Iowa, Nevada, and Virginia, listed in order of in-
creasing COVID-19 restrictions.¹⁸

Statistical Analysis:
The crude rates per 100,000 people were calculated using 

the CDC VSRR mortality data, the CDC NHSS mortali-
ty data, and the US Census Bureau population data. Linear 
regression analyses with Pearson correlation were performed 
to study mortality trends from 2014-2020. For the quarterly 
percent difference between 2019 Q4 and 2020 Q4, the CDC 
VSRR database has already calculated the statistical signifi-
cance so additional analysis of the yearly Q4 difference from 
2019-2020 was not performed, and the provided results were 
used.¹⁵
�   Results and Discussion 
Both death counts and mortality rates as a result of 

COVID-19 were analyzed nationally and in three individual 
states (Iowa, Nevada, Virginia). This data is presented both 
yearly (from 2014-2020) and quarterly (from 2019 Q1-2020 
Q4). According to Becker’s Hospital Review, Iowa had the 
least restrictions, Nevada was ranked 29th least strict, and 
Virginia was the strictest of the states in terms of COVID-19 
restrictions and policies.¹⁸

Chronic Liver Disease/Cirrhosis Mortality Rate Trends:
From 2014-2020, there was a slight increase in national 

yearly deaths with a large increase seen between 2019 and 
2020 (Figure 1).

A similar trend is seen for mortality rates for 2014-2020, 
with a steady yearly increase, followed by a large spike in 
mortality rates in 2019-2020 (Figure 2).  

When analyzing 2019 to 2020 quarterly data, rates appear 
to increase rapidly after 2019 Q4, corresponding with the 
start of COVID-19 (Figure 3). 

There is a statistically significant difference between 2019 
Q4 and 2020 Q4 according to the CDC VSRR database, 
with a national percent increase of 22.0% (Table 1).¹⁵ 

The data from the three states showed that the total per-
cent increase was inversely proportional to how strict that 
state was; Iowa saw the highest increase in chronic liver 
disease/cirrhosis mortality rates at 38.6%, followed by Ne-
vada at 23.1%, and by Virginia at 22.1% (Table 1). This was 
although stricter states like Nevada and Virginia both main-
tained overall mortality rates that were higher than the least 
strict state - Iowa. The interquartile fluctuations in the data 
were represented by the quarterly mortality rates of each state 
(Figure 4).

Influenza/Pneumonia Mortality Rate Trends:
During 2014-2020, there was an average annual decline in 

the national mortality rate of influenza/pneumonia. (Figure 
5). 

Figure 1: 2014-2020 yearly liver disease/cirrhosis crude deaths, β = 2227.2 
deaths per year; R2 = 0.71.  

Figure 3: 2019-2020 quarterly chronic liver disease/cirrhosis crude 
mortality rates. 

Table 1: 2019 Q4 to 2020 Q4 chronic liver disease/cirrhosis crude mortality 
rate change by state.  

Figure 4: 2019-2020 quarterly chronic liver disease/cirrhosis crude 
mortality rates by state. 

Figure 2: 2014-2020 yearly chronic liver disease/cirrhosis crude mortality 
rates, β = 0.5962 deaths per 100,000 per year.  
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Upon closer examination, the national mortality rate 
reached its minimum in 2019 Q3 and 2020 Q3, separated 
by a large peak in 2020 Q1, as well as a rapid increase and 
decrease in 2019 Q4 and 2020 Q2 respectively (Figure 6). 

This pattern of rapid increase and decrease was also present 
in the state data, as data from all three states (Iowa, Nevada, 
Virginia) showed a sharp incline in 2019 Q4, followed by a 
peak in 2020 Q1, and a sharp decline in 2020 Q2 (Figure 7). 

The national mortality rate was 14.1 in 2019 Q4, and 13.6 
in 2020 Q4, resulting in a percent decrease of 3.7%, a change 
that has statistical significance, as stated by the CDC VSRR 
database (Table 2).¹⁵

Iowa and Nevada had percent decreases of 13.0% and 
15.6% respectively (both of which were statistically significant 

as stated by the CDC VSRR database), while Virginia had a 
percent decrease of only 6.0% (not statistically significant).¹⁵

In this comparative study of national and statewide chronic 
liver disease/cirrhosis and pneumonia/influenza trends over 
a 7-year period, it was found that LD mortalities followed 
a slightly upward sloping trend, followed by a sudden rise in 
2019-2020. Influenza mortality numbers repeated a triannual 
pattern in which they rose to a peak, and then declined, which 
continued even after the start of COVID-19. 

For example, LD increased by 22%, and influenza decreased 
by only 3.7% from 2019 Q4 to 2020 Q4. It has widely been 
discussed that influenza numbers were at an all-time low 
during the pandemic. Studies hypothesize that this was caused 
by precautions taken to slow the spread of COVID-19, such 
as practicing social distancing and wearing masks.¹⁹ While 
literature points to reasons such as these for the decrease in 
influenza, there may be other reasons contributing to the 
significant increase in LD mortality rates. The abrupt increase 
in LD seems to line up with when COVID-19 first started 
(2019 Q4), indicating that there may be some association 
there. Three potential explanations for the increase in LD 
deaths arise: 1) direct impact of COVID-19 virus on the 
liver, 2) increased alcohol consumption during pandemic, 
3) restricted availability of healthcare facilities during the 
pandemic and likely all 3 of these contributed to the 22.0% 
increase in LD deaths between 2019 Q4 and 2020 Q4.

Patients that have been hospitalized due to COVID-19 
have been tested, and often show an increased level of liver 
enzymes such as alanine aminotransferase (ALT).²⁰ The 
buildup of enzymes like these temporarily damages the liver 
for the entire duration of the illness. For people unaffected 
by liver disease, this may not be a problem. But, for patients 
whose livers are already compromised due to a pre-existing 
condition such as chronic liver disease or cirrhosis, this may 
accelerate the progression of their illness. Following the 
infection of COVID-19, patients are at risk of increased rates 
of hepatic decompensation, acute liver failure, and death due 
to respiratory failure.²¹

After the initial progression of COVID-19 in early 2020, 
worldwide lockdowns and restrictions were implemented, 
resulting in an extended period of extreme stress and 
disconnectedness from other people. Around 60.1% of 
people have said that their alcohol consumption increased 
during the pandemic, 45.7% of whom quoted increased stress, 
and 30.1% of whom quoted increased boredom.²² Unhealthy 
eating habits and disorders have seen reemergence during 
the pandemic, another potential cause of increasing LD 
mortalities. A second potential explanation for the increase in 
LD deaths was the restricted availability of healthcare facilities 
for those with non-COVID-19 related ailments. A pulse 
survey conducted in February 2021 by the US Department 
of Health and Human Services (HSS) found that surges 
in COVID patients caused most hospitals to restrict the 
number of patients with non-COVID related illnesses they 
could treat.²³ A lack of available nearby medical facilities may 
have prevented some LD patients from receiving treatments 
that they normally would have received in the 

Figure 5: 2014-2020 yearly influenza/pneumonia crude mortality rates, β= 
-0.328 deaths per 100,000 per year. 

Figure 6: 2019-2020 quarterly influenza/pneumonia crude mortality rate. 

Figure 7: 2019-2020 quarterly influenza/pneumonia crude mortality rate by 
state.

Table 2: 2019 Q4 to 2020 Q4 pneumonia/Influenza Crude Mortality Rate 
Change by State.
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absence of a pandemic like this one. In addition to this, those 
with LD might have chosen to skip regular checkups for their 
liver condition out of the fear of the coronavirus itself, since 
hospitals themselves were flooded with COVID-19 patients. 
Unfortunately, it is not possible to tease out which and how 
much each of these three factors affected/caused the increase 
in LD deaths seen.

A state level analysis of LD deaths was also conducted. 
Out of the three states (Iowa, Nevada, Virginia) analyzed, 
COVID-19 restrictions of each state appear to influence the 
number of LD mortalities. Data from the three states show 
that states with less strict COVID-19 restrictions had higher 
percent increases of LD mortality rates from 2019 Q4 to 
2020 Q4 (Iowa-38.6%, Nevada - 23.1%, Virginia- 22.1%). 
Iowa had the least restrictions and had a significantly higher 
percent increase in LD mortality rates from 2019 Q4 to 2020 
Q4.¹⁵ Although Virginia was the strictest in terms of COVID 
restrictions, its percent increase was only significantly lower 
than Iowa, not Nevada. This difference in COVID-19 
restrictions between Iowa and Virginia shows the efficacy 
(and inefficacy) of the guidelines in stopping the increase of 
LD mortalities. In late 2020, Iowa lifted all bar/restaurant 
curfews, as well as social gathering limitations, which explains 
the increase in the mortality rate of Iowa in 2020 Q3 and 
2020 Q4.²⁴ Until March 1st of 2021, Virginia residents had 
a mandatory curfew from midnight to 5 AM, indoor and 
outdoor gathering limits of 10 people, as well as 30% capacity 
for both indoor and outdoor entertainment.²⁴ This change in 
restrictions offers an explanation for the gradual increase in the 
LD mortality rate throughout the entirety of 2020 Q2. These 
restrictions, as well as how late Virginia eased up on restrictions 
compared to Iowa, highlight a connection between the LD 
mortality rate of a state with the severity of its COVID-19 
guidelines. Las Vegas is Nevada’s largest tourist attraction, 
and with borders closed, and statewide lockdowns enforced, 
tourism rates decreased notably. Specifically, visitor volume 
decreased by 55% compared to 2019, so a decrease in LD 
deaths was to be expected, offering a potential explanation for 
why Nevada and Virginia have similar mortality rate percent 
increases from 2019 Q4 to 2020 Q4 despite differences in 
COVID restrictions.²⁵ 

Despite the associations reported here, there were some 
limitations that must be acknowledged. This data was 
collected using national databases, and with some numbers 
being self-reported by states, there is a level of internal bias 
to be expected, to preserve the stature of the state. Here, it 
was assumed that the differences in mortality rates of the 
states of interest is directly associated with the strictness of 
that state’s COVID-19 restrictions, however there may be 
some overlooked variable(s) that may also be responsible for 
this finding. Although states were selected based on their 
COVID-19 guidelines, other variations between the states 
may be responsible for these numbers.
�   Conclusion
During COVID-19 pandemic, national chronic liver 

disease mortality rates significantly increased. There seemed 
to be an association between mortality rates and the 

“strictness” of COVID-19 restrictions at a state level. As new 
variants emerge and the pandemic continues, patients with 
chronic liver disease should be closely monitored and states 
should better incorporate this high-risk patient population 
into public health decision making. 
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ABSTRACT: The objective of this paper was to examine potential factors contributing to smoking-related cancer mortality 
trends. Smoking associated cancer mortality data from 1970 to 2016 was extracted from the IARC Cancer Mortality Database 
and WHO Mortality Database.  Data from the United States, Greece, Norway, Chile, and Colombia were analyzed due to variance 
in annual cigarette consumption per capita, the prevalence of current tobacco use, and geographical similarity. Norwegian males, 
Chilean males and females, and Colombian males and females saw decreases in cancer mortality rates during the study period; on 
the other hand, Greek males and females showed unchanged mortality rates, and Norwegian females showed a very slight increase 
in cancer mortality rates. United States age-standardized mortality rates (ASR) rose from 180.75 deaths per 100,000 persons in 
the year 1970 to the early 1980s before showing a steady and significant decline to 90.46 deaths per 100,000 persons in 2016. 
This study shows a strong correlation in developed countries (United States, Norway, and Greece) between advances in cancer 
therapies, early detection techniques, health screening, and public and legal health initiatives with a decrease in smoking-related 
cancer mortality rates. In developing countries (Chile and Colombia), widespread H. pylori testing, and treatment advances were 
found to be the main drivers of decreasing cancer mortality rates.   

KEYWORDS: Translational Medical Sciences; Disease Prevention; Cancer Mortality; Smoking Related Cancer Mortality 
Trends; Causes of Smoking Related Cancer Mortality.

�   Introduction
Cancer continues to be one of the leading causes of death 

in the United States, being the 2ⁿd leading cause of death in 
2019 with 600,000 deaths or 21% of total deaths in the Unit-
ed States.¹ Cancer not only is a devastating disease, but it also 
carries a set of many economic burdens. In the United States 
alone, in 2017, cancer healthcare spending was 161.2 billion 
dollars, productivity loss from morbidity was 30.3 billion dol-
lars, and the cost of premature mortality was 150.7 billion 
dollars.² Other countries such as China and South Africa face 
an average loss of 108,320 dollars per cancer mortality due to 
productivity losses.² These drastic economic burdens in the 
United States and other countries show the medical severities 
and economic effects of cancer. 

An extreme risk factor for cancer is smoking, which results 
in bodily exposure to more than 70 proven carcinogenic chem-
icals that spread not only to the lungs but to other parts of the 
body.³ The buildup of these carcinogenic chemicals can dam-
age parts of the DNA that protect against cancer, increasing 
cancer risk.³ Quitting smoking can significantly reduce one’s 
risk of cancer by approximately 30-50% after ten years com-
pared to smokers who continue to smoke.⁴ Specifically, cancer 
of the lungs, trachea, and bronchus (cancers associated with 
smoking) was responsible for a staggering 139,682 of those 
deaths or roughly 5% of all deaths in the United States. The 
goal of this paper is to analyze certain smoking-related cancer 
mortality trends in select countries and their potential causes. 
This paper will provide better insight into the progression of 
cancer mortality in different countries. This research paper 
differs from other scientific literature as it examines poten-

tial historical, medical, and scientific factors contributing to 
smoking-related cancer mortality trends in several countries.
�   Methods
Data Source:
The data were collected from the IARC Cancer Mortali-

ty Database extracted from the WHO Mortality Database.⁵ 
The Cancer Mortality data was sorted by type of cancer(s), 
sex (male or female), country, period, and age range. The data-
base calculated yearly ASR per 100,000 persons based on the 
different search criteria including sex, country, and range. The 
periods of the data collected for all countries except Colom-
bia were restricted from 1970 to 2016 due to inconsistencies 
in recorded cancer mortality data; the period for Colombia 
was restricted from 1984 to 2015 due to a lack of data be-
fore 1984 and after 2015. The age range for all the data from 
the IARC Cancer Mortality Database was restricted to ages 
45 to 69 due to fully available data for that age range.⁵ Data 
on the prevalence of current tobacco use among persons aged 
15 years and older were also collected from the GHO health 
database.⁶ The data were sorted by gender and different pe-
riods: 2000, 2005, 2010, and 2013 to 2017. Data on Annual 
Cigarette Consumption per person aged 15 or older were col-
lected from The Tobacco Atlas - 6th edition, a report on various 
tobacco and smoking-related data and graphics.⁷ Availability 
of data and statistics collected from the IARC Cancer Mor-
tality Database, GHO Health Database, and The Tobacco 
Atlas were used to identify select countries.⁵-⁷ The ICD-10 
codes C00-14 (Lip, Oral Cavity, and Pharynx Cancer), C15 
(Oesophagus Cancer), C16 (Stomach Cancer), and C33-34 
(Lung Cancer) were extracted. Because this study used pub
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licly available deidentified data, the study was determined to 
be exempt from Institutional Review Board review. 

Inclusion Criteria:
Countries were selected based on sufficient data availabil-

ity and consistency, annual national cigarette consumption 
per capita rates, national tobacco usage statistics, and geo-
graphical proximity in the same continent. The five selected 
countries included the United States, Greece, Norway, Chile, 
and Colombia. Greece and Norway were selected based on the 
variance in prevalence of current tobacco use and geograph-
ical proximity in the same continent. Chile and Colombia 
were selected due to differences in annual tobacco usage and 
cigarette consumption per capita, and geographical proximity 
in the same continent. Annual mortality rates were grouped 
by sex (male or female), age (45 years to 69 years), and cause 
of death (type of cancer). Countries were generally classified 
by “low”, “medium”, and “high” smoking rates relative to the 
other country in the same continent in the selection process. 
Chile was classified as a high smoking rate country with 
44.7% of its population aged above 15 years using tobacco 
and Colombia was classified as a low smoking rate country 
with 7.9% of its population aged above 15 years using tobac-
co. Similarly, Greece was classified as a high smoking rate 
country with 39.1% of its population aged above 15 years 
using tobacco and Norway was classified as a low smoking 
rate country with 18.4% of its population aged above 15 years 
using tobacco. Lastly, the United States was classified as a 
medium smoking rate country with 25.1% of its population 
aged above 15 years using tobacco.

Statistical Analyses:
Mortality rates were calculated by year, sex (male or fe-

male), and age (45 to 69 years). Linear regression analyses 
with Pearson correlation were performed to study mortali-
ty trends from 1970 to 2016 for the United States, Chile, 
Greece, and Norway and from 1984 to 2015 for Colombia.
�   Results and Discussion 
Male smoking-related cancer deaths in the United States 

slightly increased from 180.75 ASR mortalities in 1970 to 
201.34 ASR mortalities in 1986 and decreased to 90.46 ASR 
mortalities in 2016. A negative association was indicated 
by the line of best fit (Figure 1A). Female-smoking related 
deaths in the United States increased from 1970 to 1992 and 
gradually decreased from 1992 to 2016 (Figure 1B).

Male smoking-related cancer deaths in Greece stayed 
constant from 1970 to 2016, as shown by the strong 
association of the line of best fit (Figure 2A). Female-smoking 

related deaths in Greece showed a slight decline from 1970 
to 2000 and an increase from 2000 to 2016 (Figure 2B). Male 
smoking-related cancer deaths in Norway showed a general 
decrease from 1970 to 2016, but female smoking-related 
cancer deaths in Norway showed a general increase from 
1970 to 2016 (Figures 2C and 2D).

Male and female smoking-related cancer deaths in Chile 
showed a general decrease from 1970 to 2016 (Figures 3A 
and 3B). Male and female smoking-related cancer deaths in 
Colombia also showed a general decrease from 1984 to 2015 
(Figure 3C and 3D).

The analysis of trends in the figures showed different 
periods of increasing and decreasing cancer mortality rates in 
the United States for both genders (Figure 1). The observed 
trends for Greece showed a steady cancer mortality rate 
for males and a decrease from 1970 to 2000 followed by 
an increase from 2000 to 2016 for females (Figure 2). The 
cancer mortality rate trends in Norway decreased for males 
and increased for females (Figure 2). Both male and female 
cancer mortality rate trends in Chile and Colombia showed a 
general decrease. Numerous factors including, but not limited 

Figure 1: A) Male ASR Mortality rates per 100,000 for the United States 
are displayed from 1970 to 2016 (β= -2.445 ASR/year: R2 = 0.7897). B) 
Female ASR Mortality rates per 100,000 for the United States are displayed 
from 1970 to 2016 (β= 0.1545 ASR/year: R2 = 0.0263). 

Figure 2: A) Male ASR Mortality rates per 100,000 Greece are displayed 
from 1970 to 2016 (β= 0.0255 ASR/year: R2= 0.0019). B) Female ASR 
Mortality rates per 100,000 for Greece are displayed from 1970 to 2016 (β= 
-0.0585 ASR/year: R2= 0.0298). C) Male ASR Mortality rates per 100,000 
for Norway are displayed from 1970 to 2016 (β= -1.0204 ASR/year: R2 
= 0.6332). D) Female ASR Mortality Rates per 100,000 for Norway are 
displayed from 1970 to 2016 (β = 0.6247 ASR/year: R2 = 0.7038). 

Figure 3: A) Male ASR Mortality rates per 100,000 for Chile are displayed 
from 1970 to 2016 (β= -3.4742  ASR/year: R2= 0.9601). B) Female ASR 
Mortality rates per 100,000 for Chile are displayed from 1970 to 2016 (β= 
-1.2324 ASR/year: R2= 0.7807). C) Male ASR Mortality rates per 100,000 
for Colombia are displayed from 1984 to 2015 (β= -1.7672 ASR/year: R2 
= 0.9697). D) Female ASR Mortality Rates per 100,000 for Norway are 
displayed from 1984 to 2015 (β = -1.0636 ASR/year: R2 = 0.9555). 

ijhighschoolresearch.org



 115 DOI: 10.36838/v4i5.19

to, public health initiatives, improved cancer treatment in 
target areas, advertisement targeting of certain groups, and 
the prevalence of other medical issues may have had an 
impact on certain trends.

Smoking Associated Cancer Mortality Rates in the United 
States:

In general, in the United States, male cancer mortality 
rates showed a slight increase from 1970 to 1986 followed 
by a general decrease after 1986. However, notable negative 
trends were observed from the mid-1990s until 2016 in both 
males and females. This decreasing trend could be explained 
through the development of smoking public health initiatives 
that could have contributed to the significant decline in 
cancer mortality rates. In 1998, California became the first 
US state to pass a law banning smoking in bars; combined 
with other laws that banned smoking in restaurants and 
public places, California became the first US state to pass a 
statewide smoke-free air law that lowered the overall risk of 
secondhand smoke exposure.⁸ The passing of this law was 
controversial but approval ratings for this law significantly 
increased within several years. Public statewide surveys 
in the state of California showed that the percentage of 
adults who supported the law 3 months after it passed was 
46% and the percentage of adults who approved the law 
2.5 years after it was passed was 62%.⁹ After the passing 
of a similar smoke-free law in New York in 2003, various 
surveys showed that the number of all adults in New York 
who supported the law increased from 64% to 80% within 2 
years of its implementation.⁹ The overall increased support 
of smoke-free laws could have contributed to the decreasing 
smoking-related mortality rate in the United States.

Other contributing factors for the decreasing cancer 
mortality rates in the United States are the improvements 
in pre-existing cancer treatments, the development of new 
cancer treatments, and the improvements in cancer diagnosis. 
Chimeric antigen receptor T cells (CAR T cells) are genetically 
designed T cells that can be used as an immunotherapy 
cancer treatment that supplements the immune system. The 
first effective CAR T cells were developed in the early 2000s 
and developments through the 21st century have led to the 
creation of “armored” CAR T cells that can produce other 
molecules that suppress cancerous tumors.¹⁰ Other improved 
cancer treatments include certain targeted therapies like 
Bevacizumab which can be used to treat non-small cell lung 
cancer (NSCLC), which makes up approximately 85% of all 
lung cancers, by inhibiting angiogenesis.¹¹ The usage and 
development of CAR T cells and Bevacizumab could have 
significantly contributed to the decline in smoking-related 
cancer mortality rates in the United States (Figure 1). 

Lastly, improved lung cancer screening has contributed 
to reduced mortality rates in the United States. Low-dose 
helical computed tomography (LDCT) scans were shown in 
the National Lung Screening Trial, from 2002 to 2004, to 
reduce a lung cancer patient’s chance of mortality by 15% 
to 20%.¹² The study showed that 3 fewer deaths occurred 
per 1000 people screened using LDCT scans, a significant 
statistic.¹² This dramatic breakthrough in lung cancer 

screening has continued to decrease potential smoking-
related cancer mortality in the United States.

Female Smoking Associated Cancer Mortality Rates in the 
United States:

Female smoking-related cancer mortality rates had a 
significant increase from the 1970s to mid-1990s compared 
to male smoking-related cancer mortality rates during 
that period (Figure 1). A potential cause of this increase is 
advertisement and campaign targeting of women for smoking. 
Starting in the 1920s, tobacco companies created women-
oriented cigarettes through the promotion of cigarettes as a 
form of weight control and femininity.¹³ Furthermore, tobacco 
companies created tobacco products that gained popularity 
through association with the Women’s liberation movement, 
such as the Virginia slims brand. Studies have shown that 
during the late 1960s and early 1970s, when these products 
were introduced, smoking rates in females significantly 
increased.¹³ Since then, cigarette companies have launched 
cigarettes with reduced levels of tar, “reduced” nicotine, and 
even “purse” packs that specifically targeted women. This 
increased level of advertising and campaign targeting have 
affected women throughout the 20th century and could have 
been a significant factor affecting the increase in smoking-
related cancer mortality rates for females from 1970 to the 
mid-1990s (Figure 1).

Smoking Associated Cancer Mortality Rates in South Ameri-
ca - Chile and Colombia :

In the continent of South America, countries like Chile 
and Colombia have seen a dramatic decrease in smoking-
related cancer mortality from the 1980s to 2016 (Figure 3). 
These decreasing smoking-related cancer mortality rates 
could have been significantly influenced by the improvement 
of cancer treatment in rural areas and the initial prevalence 
of Helicobacter pylori bacterial infections in South American 
countries. H. pylori bacteria can live in the digestive tract for 
many years and when it infects the stomach, it can cause 
painful stomach ulcers. To treat H. pylori infections, proton 
pump inhibitors (PPIs) can be used along with antibiotics 
like amoxicillin, clarithromycin, or metronidazole to have a 
high eradication rate of the H. pylori infection.¹⁴ However, a 
combination of high rates of H. pylori and high smoking rates, 
as in Chile and Colombia, and a lack of proper treatment 
in the rural areas of South America could have contributed 
to the high stomach cancer mortality rates. Advances in H. 
pylori infection diagnosis tests such as the urea breath test 
and the HpSA test could have improved H. pylori diagnosis 
and infection recurrence in patients in Chile and Colombia, 
leading to reductions in smoking-related cancer rates. The 
urea breath test and HpSA tests are simple, non-invasive 
tests that can be used to diagnose H. pylori infections as well 
as to manage the recurrence of such infections.¹⁵ Both tests 
have been used in combination with PPIs and antibiotics to 
provide a safer and more manageable approach to H. pylori 
infections in Latin America.¹⁵ These improvements in 
diagnostic tests reduced the risk of H. pylori infection and 
could have potentially caused a decrease in smoking-related 
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cancer mortality in Chile and Colombia from the 1980s to 
2016 (Figure 3). 

Smoking Associated Cancer Mortality Rates in Europe - 
Greece and Norway:

Countries in Europe, such as Greece and Norway, seem to 
show varying trends in cancer mortality rates which could be 
due to the different public responses to smoking legislation. 
While Norway shows a slight mortality rate decline for males 
and a slight mortality rate increase for females, Greece shows 
a constant trend for males and a curved trend for females 
(Figure 2). These trends may be due to the more restrictive 
smoking legislation in Norway and the public criticism and 
disobedience of smoking legislation in Greece. In 2009, Greece 
banned smoking in indoor places and started to institute fines, 
however, this was met with criticism due to the influence of 
smoking culture in Greece.¹⁶ The legislation was weakly 
enforced and smoking still exists in many common places such 
as restaurants and bars in Greece, potentially contributing to 
the constant and curved trends of cancer mortality rates in 
Greece (Figure 2).¹⁶ Tobacco control legislation has existed 
in Norway for over 40 years starting with the Norwegian 
Tobacco Act in 1975 that banned tobacco advertising and 
required health warnings on tobacco packaging.¹⁷ Since 
then, other strict legislation was enacted that banned retail 
advertising of tobacco, totally banned smoking in restaurants 
and bars, and increased restrictions on tobacco product 
advertising.¹⁷ Such strong legislation in Norway could have 
potentially contributed to the decreasing smoking mortality 
trend in Norway and the constant and curved mortality trends 
in Greece (Figure 2). 

Limitations:
Limitations include the varied availability of statistical 

cancer mortality data, internal bias, and confounding variables. 
The extracted cancer mortality data was based on the overall 
cancer mortality of a certain type of cancer, not exclusively 
cancer caused by smoking. For example, it is predicted that 
80-90% of lung cancer mortalities are linked to smoking, so 
the extracted lung cancer mortality data is assumed to have 
been caused primarily by smoking, although it is not possible 
to separate the exact causes of the mortality data.¹⁸ Lastly, 
confounding variables could be responsible for the presented 
trends in the results. While factors such as public health 
initiatives, smoking legislation and smoking advertisement 
targeting of women may be potential factors affecting cancer 
mortality trends, there may be other confounding variables 
that are not accounted for in this paper.
�   Conclusion
From 1970 to 2016, the selected countries showed declining 

or unchanging cancer mortality rates. This study shows a 
strong correlation in developed countries between advances 
in cancer therapies, early detection techniques, and screening 
and public and legal health initiatives and the decrease 
in smoking-related cancer mortality rates. In developing 
countries, widespread H. pylori testing, and treatment 
advances were found to be the main drivers of decreasing 
cancer mortality rates.  The application of similar factors in 
other cancers could give clinicians and researchers insight 

into potential mechanisms to decrease non-smoking-related 
cancer mortality rates.
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ABSTRACT:This study aimed to introduce new treatment options through investigating the type of music that is the most 
effective in extending the concentration time of students. Four groups were established in this study: control, instrumental music, 
classical music, and pop music groups. The qualitative data was obtained through an online questionnaire assessed by an art teacher 
monitoring the students, while the quantitative data was collected through photographs of each child’s drawings under different 
experimental group stimulus. Then, they were interpreted by Dr. Supalak Khemthong, an assistant professor with a doctoral 
research degree in occupational therapy at Mahidol University, Bangkok. All the interpretations were based on The Individualized 
Music Therapy Assessment Profile (IMTAP), an in-depth assessment protocol developed by Holly Baxter. The results from 
this study suggested that the three genres of music impacted students in different ways. Overall, instrumental music was the 
most effective tool to increase the concentration time, while pop music was the least effective and led to some deterioration in 
concentration. 

KEYWORDS: Behavioral and Social Sciences; Physiological Psychology; Music Therapy; Children; Learning Disabilities.

�   Introduction
The number of students with learning disabilities (LD) 

has been continuously increasing for the past decade in Thai-
land.¹ Although it is well established that LD cannot be cured, 
students can seek therapy to manage and alleviate symp-
toms.²,³ LD are a set of disorders that affect a child’s ability 
to understand instructions, speak or write fluently, perform 
mathematical calculations, coordinate movements, or concen-
trate on a task for a certain amount of time.³ Students with 
LD often struggle to interact with others and to perform with 
their peers academically. In Thailand, the number of students 
with learning disabilities in schools increased substantially 
from approximately 60,000 in 2015 to an estimate of 250,000 
in 2021. Furthermore, these numbers only accounted for the 
children enrolled in schools. There are many neglected chil-
dren that have parents who cannot afford their education nor 
the special care that they need.¹

However, music and art activities can be utilized to help 
those children to a certain extent. For people with LD, music 
therapy has been proven useful in language, speech, audi-
tory, and learning recovery.³ Similar psychological studies 
corroborate that music therapy has the potential to improve 
the communication, behavior, and emotional skills of neu-
ro-diverse adolescents.⁴ Additionally, further case studies 
that investigate the effectiveness of music therapy consis-
tently agree that music therapy enables prolonged attention 
span and an overall positive behavior.⁵ Despite this, the effect 
of various types of music have yet to be robustly examined. 
Hence, the purpose of this study is to compare the effective-
ness of instrumental, classical, and pop music on extending 
the concentration time of children with LD. 

�   Methods 
Study group:
The study group consisted of 5 children residing at Camil-

lian Home for Disabled Children with learning disabilities 
(LD) medical diagnosis. Every participant’s name was abbre-
viated to protect their privacy as seen in Table 1.

Media:
The music content utilized in this study was produced by 

a group of fifteen student volunteers. All volunteers were in-
formed that the contents would be used to investigate the 
impact of music on concentration time of children with LD.  

Instrumental Musics:
Instrumental music utilized in the study were piano record-

ings of Thai pop songs that were slow in tempo (performed 
slower than 100BPM) and consisted of a small dynamic range 
(performed between mezzo piano to mezzo forte). The re-
cordings were posted on the Musical.Remedy__ youtube 
channel (https://www.youtube.com/channel/UCoXFy8RRx-
f5T1pdliaOf21A). The instrumental music did not contain 
lyrics but did contain a melody. The duration of the record-

Table 1: Patient identification and general information 
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ings was 45 minutes. They were played for the entire time 
duration when the children were completing their assigned 
tasks. 

Classical Music:
Classical music utilized in the study were piano and cel-

lo recordings of classical pieces. They ranged in tempo 
(performed from below 100BPM to above 150BPM) and dy-
namics (performed between pianissimo and fortissimo). The 
recordings were posted on the Musical.Remedy__ youtube 
channel (https://youtube.com/playlist?list=PL2gm7sWK2o-
iSH04p5UI1CkEpBeBErJ6DR). The classical music did not 
contain lyrics but did contain a distinct melody. The dura-
tion of the recordings was 45 minutes, and each instrument 
had approximately equal duration of performance time. They 
were played for the entire time duration when the children 
were completing their assigned tasks.

Pop Music:
Pop music utilized in the study included vocals, drums, 

electric and acoustic guitar recordings of Thai pop songs. 
They were fast in tempo (performed above 120 BPM) and 
consisted of a large dynamic range. The pop music record-
ings were posted on the Musical.Remedy__ youtube channel 
(https://youtube.com/playlist?list=PL2gm7sWK2oiQci5G-
9dX-H2Bh1MPwyJDyt). The pop music recordings did 
contain lyrics and had a distinct melody. The duration of the 
recordings was 45 minutes, and each instrument had approxi-
mately equal duration of performance time. They were played 
for the entire time duration when the children were complet-
ing their assigned tasks.

Art Activity:
Each child in the study was assigned to draw and color 

an image of their choice. The approximate time for this task 
was 30-40 minutes. The art activity was kept as a controlled 
variable while the music played for each art session was in-
strumental music, classical music and pop music, respectively. 
Then, the drawings were collected and analyzed by a thera-
pist later in the study.

Control Group:
The first music and art session conducted was a control 

group. Each child was assigned to draw and color an image 
of their choice in an art room. However, they were working 
without music playing. Drawings from those sessions were 
collected for further analysis by Dr. Supalak Khemthong, us-
ing IMTAP as reference. 

Experimental Groups:
The second, third, and fourth music and art session con-

ducted were experimental groups 1, 2, and 3, respectively. 
In all of the experimental groups, each child was assigned 
to draw and color an image of their choice in the same art 
room. Then, the art teacher played an instrumental, classical, 
and instrumental pop music recording for children in the or-
der listed above while they were completing the tasks. Their 
changes in concentration span, behavior, and artwork were 
documented. 

Data Collection:
The qualitative data of the experiment were the inter-

pretations of each child’s drawings from the control group, 

experimental group 1, experimental group 2, and experimental 
group 3 in comparison to each other in a single-blind study.

The quantitative data for the experiment was collected 
through a survey, in which the caretaker took for each child. 
Following the questions that asked for the child’s name, 
age and medical condition(s), questions asked to assess the 
improvement in concentration time included: 

a. Did the child complete the task assigned?
This question investigated the child’s ability to maintain 

concentration to achieve a task.⁶ An improvement in task 
completion was reflected when the child did not complete 
the task assigned in the control group but completed the task 
in any experimental group. 

b.Did the child change their activity while completing the 
tasks assigned?

The question investigated whether the child is multitasking, 
which was a sign of low concentration in the assigned activity. 
An improvement in concentration was reflected when the 
child changed activity in the control group but did not 
change their activity while completing the tasks assigned in 
the experimental group.⁶

c. What is the total time in minutes that the child spent on 
the tasks assigned?

The question investigated an increase in concentration 
span of each child. An improvement in concentration was 
reflected when the child’s total time spent on the tasks in the 
control group was less than the child’s total time spent on the 
tasks in the experimental group.⁶
�   Results and Discussion
Control group:
All of the children completed their tasks even in the control 

group. However, 60% of the children multitasked when they 
completed the activity without background music, which was 
a sign of concentration loss. The total time spent on their 
tasks varied, which could be influenced by other factors 
such as their age and their stages of LD.⁴,⁷,⁸ Hence, the total 
concentration time was not compared between children, but 
compared between the same child in different experiment 
groups.  

The qualitative data interpretations from the control group 
by Dr. Supalak Khemthong were translated and reported as 
seen in Table 2.
Table 2: Qualitative data interpretations from the control group. 
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Instrumental music:
All of the children completed the tasks assigned both in the 

control group and experimental group 1. Hence, there was no 
difference in the children’s ability to maintain concentration 
to achieve a task. Sixty percent (60%) of the children showed 
less multitasking when they were exposed to instrumental 
music compared to the control group, which was a sign of 
higher concentration (Figure 1). Eighty percent (80%) of the 
children showed a 15–20-minute increase in the total time 
spent on their assigned tasks when exposed to instrumental 
music compared to the control group, which reflected an 
improvement in attention span (Figure 2). 

The qualitative data interpretations from the instrumental 
music session by Dr. Supalak Khemthong were translated and 
reported as seen in Table 3.

Classical music:
All of the children completed the tasks assigned both in 

the control group and experiment group 2. Hence, there is no 

difference in the children’s ability to maintain concentration 
to achieve a task. Sixty percent (60%) of the children showed 
less multitasking when they were exposed to classical music 
compared to the control group, which was a sign of higher 
concentration (Figure 3). Eighty Percent (80%) of the 
children showed a 5–10-minute increase in the total time that 
they spent on their assigned tasks when exposed to classical 
music compared to the control group, which reflected an 
improvement in attention span (Figure 4). 

The qualitative data interpretations from the classical 
music session by Dr. Supalak Khemthong were translated and 
reported seen in Table 4.

Pop music:
All of the children completed the tasks assigned both in the 

control group and experimental group 3. Hence, there is no 
difference in the children’s ability to maintain concentration 
to achieve a task. Twenty Percent (20%) of the children 
showed more multitasking when they were exposed to pop 
music compared to the control group, which was a sign of 

Figure 1: A pie chart illustrating a decrease in multitasking. 

Figure 2: A pie chart illustrating an increase in the total time children spent 
on their assigned tasks by 15-20 minutes. 

Table 3: Qualitative data interpretation from instrumental music sessions.

Figure 3: A pie chart illustrating a decrease in multitasking. 

Figure 4: A pie chart illustrating an increase in the total time children 
spent on their assigned tasks by 5-10 minutes. 

Table 4: Qualitative data interpretation from classical music sessions.
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lower concentration (Figure 5). Forty Percent (40%) of the 
children showed a 5 to10-minute increase, while 20% showed 
a 10–15-minute increase in the total time that they spent on 
their assigned tasks when exposed to pop music compared to 
the control group, which reflected an improvement in attention 
span. However, 40% of the children showed a 5–10-minute 
decrease in the total time spent on their assigned tasks, which 
reflected a deterioration in attention span (Figure 6).

The qualitative data interpretations from the pop music 
session by Dr. Supalak Khemthong were translated and 
reported as seen in Table 5:

 �   Conclusion
In this study, it was determined that different types of music 

played impacted the concentration time, some positively 
and some negatively, of children with LD. Quantitative 
data clearly reflected that instrumental music extended the 

concentration time of 80% of the children by 15-20 minutes, 
the most out of the three music genres. The results from 
the qualitative data corroborated to the findings to a certain 
extent because two out of five children shifted from reflecting 
negative emotions to positive ones in their drawings based 
in Dr. Supalak Khemthong’s interpretations. This concludes 
that instrumental music can be an effective tool to increase 
the concentration time of children with LD when they need 
to focus on a task for 30-40 minutes.

The quantitative data reflected that classical music extended 
the concentration time of 80% of the children by 5-10 minutes, 
the second most out of the three music genres. The results 
from the qualitative data were highly individualized. Ms. C.P. 
deteriorated from expressing positive emotions in the control 
group to negative ones in the classical music group. However, 
two other children shifted from reflecting negative emotions 
to positive ones in their drawings. Hence, the quantitative data 
and the qualitative data did not corroborate. Additionally, the 
study’s population size was highly limited which could lead 
to uncertainty with the results and the inability to eliminate 
outliers. This concludes that classical music can be an effective 
tool to increase the concentration time of some children with 
LD, but each child’s response to classical music is highly 
individualize and need to be taken into consideration.  

The quantitative data reflected that pop music both 
extended and decreased the concentration time of the 
children by 60% and 40%, respectively. Thus, the effectiveness 
in increasing the concentration time of children of pop 
music ranked last among the categories. The results from the 
qualitative data also corroborated to the findings because four 
out of five children’s drawings reflected negative emotions for 
both the control group and the pop music group. Additionally, 
Ms. C.P. deteriorated from expressing positive emotions in 
the control group to negative ones in the pop music group. 
This concludes that pop music was not an effective tool to 
increase the concentration time of most children with LD and 
should be avoided when a child needs to focus on a task for 
30-40 minutes.   
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ABSTRACT: As COVID-19 threw the world into uncertainty, countries’ public health responses, as well as how the media 
presented them, drew widespread public attention. By analyzing a specific incident in which female nurses in Gansu, China 
were filmed having their heads shaved before going into the Wuhan frontline, this paper examines Chinese media’s nationalist 
rhetoric, and questions the techniques used in this kind of propaganda, which focuses excessively on individual sacrifices. My 
research demonstrates a close relationship between media representations of symbolized women’s bodies and social responses. 
This connection at least affects people psychologically, while it can also lead to abusive behavior. News sources and social media 
are taken into account to analyze the implications and impact of the Gansu incident. In conclusion, this paper demonstrates the 
incident’s dehumanizing nature for the women involved, but also interprets it as a social ritual that raised awareness on the status 
of gender equality in China among the public.  

KEYWORDS: Public health; Media representation; Gender equality; Coronavirus; China.

�   Introduction
Pandemics are feared because of their devastating power to 

cause death and fear. For example, the 1918 flu killed almost 
5 percent of the global population--an estimated 100 million 
people --and lowered the overall life expectancy by over 10 
years during the course of a single year.¹ Pandemics are also 
“hailed” because of their stimulating effect on disease control 
and medical development. For instance, in 2005, a collaborative 
group of scientists from several universities and research 
centers recreated the 1918 virus and produced a specific 
vaccine that would protect populations in the event that a 
similar strain develops naturally or is somehow created as a 
bioterrorism agent.² COVID-19 is commonly feared because 
of both its physical damage (painful breathing, and potential 
for heart attack, kidney failure, and coagula dysfunction, etc.) 
and its economic devastation which can cause lingering pain 
and perhaps even deeper scars – far larger than the other post-
war pandemics.³ However, inevitably, marginalized groups, 
such as women and children, are often more affected because 
they endure both the physical and social discrimination of 
disease due to unequal access to power

This is especially true in the case of Covid-19 where 
Chinese women have experienced the virus along with sexism. 
Being a socially-conservative communist country, China 
restricts its media in a self-laudatory way in order to achieve 
national stability. This produces a generally under-informed 
population and can even be viewed as the main cause of the 
outbreak of COVID-19 in China. For example, initially the 
Wuhan government concealed the fact that hospitals had 
taken in several patients who had the same undiagnosed 
symptoms. Moreover, provincial TV stations even reported 
on doctors who tried to spread the news as scaremongers and 
admonished them. Still worse, this inaccurate and regulated 
reporting can lead to misinterpretations of issues such as the 

true contribution women made during the pandemic. China’s 
tightly controlled media, in conjunction with ingrained 
patriarchal ideas including “proper” gender roles and sexuality, 
have ultimately made the road to gender equality extremely 
difficult. In the following paper, I will examine how media 
representations of women during the most recent pandemic—
COVID-19—affects the progression of gender equality in 
China. Specifically, I will review images, videos, and texts 
from various Chinese newspapers’ websites and social media. 
Building on existing research and available media records 
from publisher, this article reviews how media represent 
women, what responses they arouse, and to what extent they 
catalyze or hamper equality. Sources such as Wuhan Evening 
News are employed because they reflect authentic official 
Chinese media milieu.

Historical Context and Background:
As early as the 19th century, there was evidence that gender 

was a site where people who suffered from epidemics tried to 
rationalize or explain diseases. For example, The Contagious 
Disease Acts passed in 1864 by the British Parliament 
assumed carriers of syphilis were female.⁴ Stigmatizing them 
as “fallen women” that threatened civil and family life, both 
local and central government enacted legislation that regulated 
prostitution, locking prostitutes in quarantine hospitals.⁵

Women’s bodies were also seen as symbols of socio-cultural 
status.⁶ Different representations of how women themselves 
or others “used” their bodies, linked with perceptions from 
various standpoints towards these visual embodiments, had 
both negative and positive impact on the perpetual pursuit 
for most of the women—equality. One of the standpoints in 
fact equated the nation itself to a woman, by referring to it as 
“mother country” or using the pronoun “her”. Maternalizing 
the country can be seen as early as 16th century France when 
politicians who advocated national community used the 
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the metaphor, “France is a mother whose body is split 
by her children’s religious conflict.”⁷ This visualization 
signifies the relationship between the nation and its people 
as mutually protective and intimate. The very first shift in 
image of Chinese women occurred 100 years ago, when the 
Republic of China was established in 1911. Grand President 
Zhongshan Sun repealed the infamous rule of “bound feet” 
under the new ideal of modernity of the new nation. This 
custom once embodied patriarchal ideals about sexuality 
in a way that physically confined women, preventing their 
escapades, so that women were better used as domicile 
breeders/householders, even as objects.

In the 1920-30s, after foot binding’s repeal, reformist 
intellectuals such as Qichao Liang went further and 
urged magazines to focus on women’s themes, and print 
advertisements with female models “boldly” displaying their 
beauty in order to consolidate the idea of “modern women”, 
who were patriotic, politically aware, and educated.⁸

This idea of “modern women” was advocated simultaneously 
as the newly created Republic of China tried to show its 
people and the world that it was independent, glamorous, 
and confident. Women in Wuhan also facilitated the process 
by holding a naked pageant in 1927 to “break shame and get 
freedom”. As a positive result, numerous local and national 
Women’s Associations were established afterwards.⁹ However, 
as these positive representations were either commercial in 

nature, or politically motivated - spearheaded by elites and 
members of the middle class under male dominance in order 
to intervene and assert a political agenda, or arouse patriotism, 
they can hardly be considered as having solid utility for 
advancing gender equality/encouraging feminist movements.

Although a leap from 100 years ago, women’s status in China 
nowadays is still incomparable to that of men. This is shown 
by a 1-1.18 female to male ratio discrepancy¹⁰, which exceeds 
the standard ratio of 1.03-1.08 set by the United Nations. 
This lower status is also shown by lower mean salaries: 75.4% 
of mens’.¹¹ Luckily, the equality awareness of both genders in 
China is progressing, which can be seen by the fact that more 
pro-women proposals were brought up during the National 
People's Congress and the Chinese Political Consultative 
Conference. In the case of the pandemic, the manifestation 
of Chinese women’s bodies in media brings its significance to 
the fore of gender equality in China.

Gender and Media:
According to an online survey conducted 16-20 March 

2020 by Amy Watson, 40% of the 1003 Chinese respondents 
said that they spend more time-consuming news coverage 
than they did before the pandemic, while 22% of the 
respondents specifically consume news on social media.¹² 
Knowing this, insidious Chinese media overemphasized 
individual sacrifices of people—particularly female nurses—
in order to arouse patriotism and a sense of solidarity. One 
example was propaganda of nurses from Gansu getting their 
heads shaved by a team of male barbers before they were 
dispatched to Wuhan, 15th February. Videos recorded them 
crying while barbers “triumphantly” showed the nurses their 
shaved hair. Media users--regardless of gender--were angered 
by this portrayal of women.

The public was angered because hair has significant 
historical meaning for Chinese people. Confucian culture 
took hair seriously as exemplified by the saying, “Body 
hair skin, received by the parents, dare not to damage” that 
links hair to filial and ethical values. In the 1910-30s, hair 
was symbolized as a holdover from feudalism by innovators 
from Republic of China. However, none of hair’s multiple 
implications were related to patriotism or solidarity. 
Although large groups of women cutting their hair short 
were not uncommon in Chinese history, this 2020 occasion 
was particularly infuriating because it seemed to annihilate 
women’s autonomy and agency. “Women are essential, as part 
of the nation, are owned by the country, but not by family 
or men, have their independent identity.”¹⁴ Opinions like 
this prevailed at that time, leading many female students 
to voluntarily advocate for hair cutting as an “independent 
choice”. In that historical context, this body transformation 
was endowed with utmost feminist symbolism--as well as 

Figure 1 & 2: The distorted feet after binding for years.
Figure 3: Specially designed shoes (approximately 10 cm in length), 
hand made by women themselves. Source: http://www.ladywu.net/
qiwenjiemi/2018/112227581
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in control of their own bodies. “Reports of domestic violence 
in February were two to three times higher than the same 
month last year.” Wan, leader of an anti-domestic violence 
organization WanHuWuBao, said. From January 23 to 
March 6, the public security bureau in Jianli and Qianjiang 
(both are cities in Hubei Province) received more than 300 
reports of domestic violence. Wan offers one explanation, 
“Many cases occurred between ex-couples, who initially only 
temporarily reunited for their children during the Chinese 
New Year, were now forced to stay under one roof because 
of the pandemic. Their past and present resentment towards 
each other accumulated and triggered violence.”¹⁸ Could it be 
then that the recordings of women crying after having their 
heads shaved provided additional legitimacy to overarching 
patriarchal ideas that men - rather than women - control 
women’s’ bodies?
�   Conclusion
The representation of nurses’ bodies by Chinese media 

during the COVID-19 pandemic indicated many historical 
and cultural implications. While it revealed the cruel reality 
of the status quo of gender inequality in China, it also drew 
much social attention toward this issue, and promoted calls 
for improvement in future media representations. 

Looking Ahead:
Overall, this exposure of nurses getting their hair shaved 

should be cherished, not because the behavior itself is 
valuable, but for the extent of reflection it called upon people, 
and its awakening effect on the issue of gender equality in 
China. Unprecedentedly, educated and thoughtful responses 
about gender-discriminating were evoked from the masses, 
which encouraged more feminists to continue their activism, 
and spurred more people to devote interest in feminism. As 
discussed, historical media such as literature and commercials 
had characterized China as a mother. People accordingly 
adopted their “mother’s” idiosyncrasies from “weak”, 
“deprived”, and “desolated” to “strong”, “independent” and 
“protective” as she walked from foreign invasions to gaining a 
place in the world (1920-30s).¹⁹

As China develops faster materially, its future media 
certainly has a role in representing its moral development, 
which includes the pursuit of gender equality. Future media 
should direct people in the same way it did 100 years ago, 
depicting stronger women instead of posting their seemingly 
oppressed images online. In order to optimize the media’s 
positive effects, publications and propaganda should no 
longer focus on women’s bodies, or their individual sacrifices. 
Therefore, everyday woman who haven’t made such sacrifices 
such as “going onto the frontline 10 days after miscarriage” 
could be treated as nobly as those who had. Otherwise, 
completely ordinary women would be seen as “not deserving 
of a place in media reports” even though they contribute 
no less. I look forward to a good media environment in 
China that reports on subjects as inclusively as possible. In 
conclusion, the best result is that we can learn lessons from 
media representations of women during the COVID-119 
crisis, so that we can find a way to navigate future media 

nation-building expectations.¹⁵ Nowadays, cutting women’s 
hair is again being used as a vehicle to convey assigned 
meanings, as well as to grab public attention. Ironically, from 
the videos of the nurses’ hair cutting, there are no signs of 
independent determination from the nurses’ expressions, only 
sadness and unwillingness, which sharply contrasts with the 
mood of those early female students. Although later clarified 
by the hospital that the nurses did this voluntarily, the fact that 
male barbers are doing the job for them still communicates 
a sense of deprivation and oppression.¹⁶ This largely departs 
from the origins of female hair cutting—beneficial for self-
identification. The public responded indignantly towards 
these videos and photos, condemning both the Gansu 
government and the media publishers for excessive formalism 
and the overwhelming patriarchal messages it carried.

To see this hair cutting in a positive light, the event drew 
a significant amount of social attention toward issue of 
gender. Countless queries it drew such as “Why not shave 
male nurses’ hair as well?” and “why overly report on female’s 
bodies instead of reporting on female expertise?” were raised 
and posted online. Well-written arguments by both feminists 
and politically neutral people aroused over 10,000 retweets 
and spurred numerous critiques discussing Chinese gender 
issues as well. Moreover, reputed celebrities such as Yuchun 
Lee, a female singer, and Hesu Yang, a male rapper, wrote 
songs called To girls and Harley Quinn (an unconventionally 
fierce female comic character) respectfully in order to show 
support. Over 25,000 active users on NetEase Cloud Music, 
the most popular China-based music platform among 
Chinese users, commented on, or “liked” each of the song. 
It is therefore evident that beginning with discussions about 
media representations of female bodies, the sense of gender 
equality is awakening in China.

However, to see the hair cutting in a more pessimistic way, 
the event actually lowered women’s status. To begin, even 
though the nurses’ body images were exploited in propaganda 
to arouse sympathy and supposedly patriotism, we still 
don’t even know the fifteen nurses’ names. This neglect of 
individuality yet overemphasis on “being a part of something 
greater” again reduced women’s’ values---their sacrifices as 
“attractive women” had overshadowed their contributions 
as medical professionals. This again fits the long-existing 
patriarchal ideals that perceive women mainly by appearance 
and exaggerate their roles as “mothers” and “wives” instead of 
their other roles like “protectors” or “fighters”. Moreover, this 
representation also contrasted sharply with the diminishment 
of nurses’ material needs in Wuhan. When asked about how 
many menstrual pads were needed to support nurses on their 
periods, for example, a male authority from Jinyintan Hospital 
refused this help by indicating, “This is not a necessity. We 
need more masks and protection suits.”¹⁷ Propaganda about 
artificial female heroism and their muffled requests go hand 
in hand, materializing women’s bodies into dehumanized 
tools that arouse patriotism.

Finally, there might be an association between burgeoning 
domestic abuse rates and this head shaving event. Recordings 
of women crying after having their heads shaved delivered 
the implicit message that women were fragile and were not 
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wisely in order to improve the general gender environment 
in China.
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ABSTRACT: Bolin Creek, located in Chapel Hill, North Carolina, a highly urbanized town, has been listed on the NC 303 (d) 
list of impaired waters since 2003. The objective of this study was to investigate potential connections between urbanization and 
the declining water quality of Bolin Creek. Data were collected on the water chemistry and benthic macroinvertebrates of Bolin 
Creek and two reference streams. A strong negative correlation was found between the percentage of developed land around the 
stream sites and stream water quality. Correlational data on conductivity, turbidity, and nutrient concentration indicated that urban 
runoff, associated with the high percentage of impervious surface cover in Chapel Hill, largely contributed to the degradation of 
the water quality of Bolin Creek. The results suggest the need for further action to improve the water quality of the stream. The 
researchers of the present paper suggest the following actions to help restore the water quality of Bolin Creek and create a more 
resilient watershed plan for the community: restoration of the riparian buffer along Bolin Creek, policy and educational changes 
in Chapel Hill, street cleaning, green roofs, the use of the Clean Water State Revolving Fund (CWSRF) revenue, and relevant 
public engagement. 

 KEYWORDS: Environmental Effects on Ecosystems; Ecology; Urban Runoff; Impervious Surfaces; Benthic 
Macroinvertebrates. 

�   Introduction
Signif icance of Water Quality:
The present study concerns water quality and how urban-

ization affects it. Freshwater is essential for life and scarce, 
as freshwater constitutes only 2.5% of the surface water of 
the Earth and is predominantly found in ice.¹ Presently, ag-
ricultural and urban development threatens the health of 
freshwater bodies, and population growth is decreasing fresh-
water accessibility.¹ In 2020, 26% of the world’s population 
lacked clean drinking water and water services, and 2.3 bil-
lion people currently live in “water-stressed” environments.² 
Lower water quality increases the resources necessary to treat 
drinking water.³ Studies reviewed by Carpenter et al. (2011) 
highlight that water quality is a major indicator of human 
health, and that decreased habitat biodiversity is associated 
with increased diseases in humans.¹

Streams purify water, control flooding, decompose waste,⁴ 
and remove contaminants and added nutrients.⁵ Studying 
streams such as Bolin Creek is also important because streams 
and other water bodies are part of a complex, connected net-
work of ecosystems. Ecosystems are fragile and more sensitive 
to stressors than individual organisms.⁶ Currently, anthropo-
genic factors such as agriculture, urbanization, climate change, 
and invasive species synergistically threaten ecosystems glob-
ally.¹ Ecosystem services form the foundation of human life 
and the basis of human economic activity.⁷,⁸ They provide 
ecosystem goods, such as timber and biomass fuels; support 
the life humans depend on; purify air and water; stabilize cli-
mates; and provide support and regulation services such as 
pollination, the dispersal of seeds, and control of pests.⁷ Pre-
dicting the extent of the effects of anthropogenic stressors on 
ecosystems is complicated in that human impacts on ecosys-
tems can affect societies elsewhere.⁸

Urbanization:
Currently, more than 4 billion people live in urban areas, 

and global urbanization is projected to further increase.⁹ 
High probability estimates show an increase of 1.2 million 
km² in urban land cover by 2030.¹⁰ The effects of urbaniza-
tion remain complex and our knowledge of its effects remains 
limited.¹¹ There are benefits to urbanization; for example, the 
high-density development in urban areas could decrease total 
energy use and greenhouse gas emissions compared to sub-
urban areas.¹⁰ However, urbanization affects water quality, as 
well as ecosystem services derived from water bodies.¹² Below, 
two specific ways by which urbanization affects water quality 
are described: contaminated runoff and thermal pollution.

Runoff:
Urbanization increases the amount of impervious sur-

face cover (ISC) in a watershed, which decreases infiltration 
rates.¹³-¹⁶ Impervious surfaces are made of impermeable ma-
terials such as asphalt and concrete, and they are found in 
rooftops, parking lots, roads, and other works of infrastruc-
ture.¹⁷ Increased ISC can increase stream channel erosion 
because impervious surfaces are hydrologically active, mean-
ing that they can generate runoff that flows directly into the 
stream channel.¹⁷ Together with increased artificial drainage 
systems (e.g., pipe drains and ditches), urbanization and ISC 
have large effects on the amount and intensity of runoff.¹¹,¹⁸-²⁰ 
Sun and Caldwell (2015) have demonstrated the existence of 
a strong exponential correlation between imperviousness and 
runoff (R²= 0.92).¹² 

Stormwater runoff can directly contribute to the pollution 
of water bodies, and if stormwater drains into treatment facil-
ities through pipes, overloads wastewater treatment facilities 
and impair sewer systems.²¹ In addition, the increased inten-
sity of the flowing water of runoff entering streams increases 
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erosion in the stream channels, which degrades stream wa-
ter quality²² and increases sedimentation.²⁰ While runoff has 
physical effects on water bodies and streams, the most import-
ant way that runoff harms aquatic life is the toxins that runoff 
carries into freshwater ecosystems.²³ Runoff can contain con-
taminants washed off cars and from roads, chemicals used by 
industry and by the public, and chemicals deposited from the 
atmosphere. Atmospheric inputs of pollution (e.g., from in-
dustry or automobiles) also affect water bodies through direct 
transfer to water bodies, even without runoff.¹, ²¹ Runoff and 
municipal waste can contain organic compounds; heavy met-
als; acids; alkalis; pesticides such as insecticides, herbicides, 
fungicides; DDT and other banned substances; polychlo-
rinated biphenyls (PCBs), even though their use has been 
outlawed; petroleum-based organic compounds; phospho-
rus and nitrogen from fertilizers; and chlorides; all entering 
water bodies and potentially poisoning aquatic organisms.¹,⁵ 
Water in urban areas can also contain human medication, in-
cluding antibiotics, narcotics, psychotherapeutic drugs, and 
chemotherapeutic drugs.¹²,⁵ Instead of infiltrating into the 
ground, the pollutants and solids accumulate in water bodies 
and the severity of this process are further accelerated as ISC 
increases the flow of runoff, leaving less time for the pollut-
ants to infiltrate into the ground.¹⁵, ²⁰ When the runoff does 
infiltrate, urban pollutants then pollute groundwater. One in-
dication of increased dissolved chemicals in water bodies is 
electrical conductivity (EC).⁵ EC is measured by the ability 
of an electric charge to pass through a water sample.²⁴ EC 
is an indicator of human disturbances to water.²⁵ Another 
indicator, turbidity, is a measure of the solids suspended in 
water and is measured by the amount of light absorbed and 
scattered by a water sample.²⁶,²⁷ Measurements of EC and 
Turbidity were used in this study. 

Urbanization, ISC, runoff, and the resulting pollution 
have impacts on aquatic ecosystems, which include fish, 
macrophytes, and macroinvertebrates.¹⁵,⁵ Ephemeroptera, 
Plecoptera, and Trichoptera (EPT) are examples of orders of 
aquatic insects sensitive to change in water quality and are 
useful as bioindicators because they are easily negatively af-
fected by water pollution.²³,²⁸,²⁹  Gresens et al. (2006) found 
that EPT taxa numbers were lower in urban sites than rural 
sites.²³ 

Benef its of Macroinvertebrate Use:
Pollution is broadly defined in Britannica as “the addition 

of any substance (solid, liquid, or gas) or any form of energy 
(such as heat, sound, or radioactivity) to the environment at 
a rate faster than it can be dispersed, diluted, decomposed, 
recycled, or stored in some harmless form.” Pollution “can 
have negative effects on the environment and wildlife and 
often impacts human health and well-being.” The extent of 
pollution can be assessed by examining damage to aquatic 
organisms.³⁰ 

Monitoring organisms in aquatic ecosystems is essential 
in evaluating the effects of pollution on water quality. 
One way to notice how the changes in water quality affect 
aquatic organisms is to monitor and identify the benthic 
macroinvertebrates (BMI) populations in waterways. 

Monitoring BMI survival has many benefits; they can be 
found in most aquatic habitats, they are affected by the phys-
ical and chemical conditions of the waterway, and they are 
generally sedentary in nature due to limited mobility, so they 
cannot escape acute water pollution events,³¹ and thus they can 
be used to indicate changes in water quality over the course of 
months and years.³²

Thermal Pollution and the Urban Heat Island Effect :
Urbanization is associated with thermal pollution. The Ur-

ban Heat Island Effect (UHI) is the process of urban areas 
heating up more rapidly than the surrounding areas due to 
decreased vegetation, increased heat-absorbing infrastructure, 
and increased heat-generating infrastructure.¹¹,³³ Bornstein 
(1968) found an average UHI intensity of 1.6 ℃ in his studies 
of New York City.³³ Magee et al. (1999)³⁴ studied two areas 
in Alaska from 1949 to 1997: Fairbanks, which underwent 
urbanization and population growth, and Eilson, which had 
similar geographic features but less urbanization and a steady 
population. The authors found a substantial difference be-
tween the heating of Fairbanks and Eilson, and that ⅕ of 
the heating of Fairbanks was attributed to the UHI. Thermal 
inversions, typical in the winter, cause heat and pollution to 
be trapped in urban areas,³⁴ and previously mentioned atmo-
spheric pollution can enter stormwater runoff.¹ Furthermore, 
layers of anthropogenic chemicals and air pollutantss, such as 
sulfur dioxide, water vapor, and smoke, also further re-radiate 
heat back to urban surfaces exacerbating the UHI.³³

Stormwater runoff can heat up significantly due to the heat 
conducted into the runoff by ISC,¹⁷ thereby transferring the 
heat into receiving water bodies.¹⁸ According to the United 
States Environmental Protection Agency (EPA; 2020),¹⁸ ther-
mal pollution stresses aquatic life in a variety of ways. Fish 
increase their metabolism in proportion to temperature, and 
large temperature increases can have fatal effects when the 
thermal tolerances of aquatic organisms are exceeded.6 Ad-
ditionally, warm water holds less DO than cold water due to 
entropy, reducing oxygen available to aquatic organisms and 
further degrading water quality.³⁵ Because fish are important 
members of, and even regulators of, aquatic ecosystems,¹ harm 
to fish can be inferred to affect many other organisms, includ-
ing benthic macroinvertebrates. 

Channelization :
Channelization is an example of anthropomorphic changes 

in aquatic ecosystems. The deepening and widening of streams 
by channelization destroy benthic habitats; straightening 
streams increases flow rates, affecting species and habitat qual-
ity.³⁶ Other species may decrease as channelization removes 
needed turbulent and rocky areas in streams with high oxy-
gen contents.³⁷ Studies reviewed by Brooker (1985) show that 
bankside trees and stable soils are often decreased due to chan-
nelization.³⁸ The removal of riparian buffer zones can increase 
the sunlight entering headwaters which can increase water 
temperature and alter the normal tenets of the River Continu-
um Concept described by Vannote et al. (1980).³⁷, ³⁹

History of Bolin Creek:
This study analyzed the water quality of Bolin Creek, which 

is located in Orange County, North Carolina, in the Cape Fear 
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river basin. It runs for 14½ km (9mi) through the cities of 
Carrboro and Chapel Hill and has an area of about 31 km² 
(11.98 mi²).⁴⁰,⁴¹ The land cover of the Bolin Creek watershed 
is 16.9% impervious.²⁰ Bolin Creek converges with Booker 
Creek to form Little Creek.⁴¹ Little Creek eventually flows 
into B. Everett Jordan Lake,⁴⁰ a source of water for hundreds 
of thousands of people.⁴²

Bolin Creek has had a history of troubled water quality. It 
is listed on the state of North Carolina’s 303 (d) list as a result 
of the excess sedimentation found in the creek.⁴⁰,⁴¹,⁴³ This in-
dicates that the creek has been unable to sustain the normal 
amount of biodiversity of a healthy stream.⁴⁰ The investiga-
tions by Beggs et al. (2012) of the North Carolina Department 
of Environmental Quality (NCDEQ) concluded that the wa-
ter quality of Bolin Creek worsened as it traveled downstream 
into a denser urban environment, starting at Carrboro and 
flowing into Chapel Hill.⁴⁰ As seen on the NCDEQ Benthic 
Monitoring Data website, the site nearest to the headwaters of 
Bolin Creek near Homestead Road had a bioclassification of 
“Good-Fair” while the site furthest downstream was classified 
as “Poor”.⁴⁴

Recently, multiple developments have accelerated the degra-
dation of Bolin Creek. In 2009, the Town of Carrboro, as part 
of its Bicycle Plan, proposed the replacement of the nature 
trail along Bolin Creek with a 10-foot wide paved path, elic-
iting a negative response from the community.⁴²,⁴⁵ Similarly, 
according to a report done by the North Carolina Department 
of Environmental and Natural Resources (NCDENR), both 
Bolin Creek and its neighboring Booker Creek were channel-
ized downstream of East Franklin Street to allow for straighter 
roads, railroads, and sewer and water lines.⁴¹

Broader Purpose:
The present study focused on the effects of urbanization 

and ISC on water quality in Bolin Creek, to aid organizations 
in removing Bolin Creek from the 303(d) list and mitigate 
the impacts of urbanization. We hypothesized that increased 
development around Bolin Creek would be correlated with 
a decrease in the water quality of the creek as determined by 
biological analyses on BMI assemblages, and measurements 
of physical and chemical parameters.
�   Materials and Methods
Overview:
This study researched the water quality of three sites at 

Bolin Creek as well as of two reference streams. The five sites 
were found using the NCDEQ Benthic Monitoring Data 
online interactive website.⁴⁴ Each site was chosen to represent 
a different bioclassification rank ranging from excellent to 
poor based on previous work (Figure 1). The “Excellent” 
reference site was at Pokeberry Creek (35.7742°, –79.1200°; 
Site ID: BB320). The “Good” site was at Morgan Creek 
(35.92361°, –79.11556°; ID: BB146). The “Good-Fair” site 
was located near State Road and Homestead Road (35.9436°, 
–79.08833°; ID: BB330). The “Fair” site was located at 
Bolin Creek near Village Road (35.92278°, –79.06667°; ID: 
BB449). The “Poor” site was located at Bolin Creek near 
East Franklin Street (35.92778°, –79.035°; ID: BB071). The 
research team tested riffles, areas of fast-moving 

shallow water passing over rock or sand that are optimal 
environments for aquatic organisms and BMI to inhabit.⁴⁶ 

Macroinvertebrate Collection:
In order to collect the BMI, the team followed the 2016 

NCDEQ Standard Operating Protocol (SOP) for the 
Collection and Analysis of Benthic Macroinvertebrates, 
specifically, the Qual-4 method.³² The Qual-4 method 
involved four steps: a riffle-kick, sweep, leaf pack, and visual 
search. The riffle kick involved kicking the benthos (3m2) for 
2min and letting BMI flow into a 1m wide net (with 1000μm 
mesh) downstream. A D-Net was used to sweep BMI from 
roots and undercut banks. All BMI were removed from leaf 
packs, and the visual searches involved BMI collection from 
riffle rocks, woody debris, and other features not previously 
sampled. Approximately 10–15 minutes were allocated 
to each step. All collected BMI were preserved in >70% 
ethanol solutions and stored in glass vials. After collection, 
the BMI were morphotyped using handheld magnifying 
glasses and identified to family using the Atlas of Common 
Freshwater Macroinvertebrates of Eastern North America as 
a reference.⁴⁷ In addition, previous NCDEQ BMI collection 
data were provided to the team by Mr. Eric Fleek from the 
NCDEQ as a reference to the taxa collected by the state of 
North Carolina.⁴⁸ Knowledge of previous BMI collections 
allowed the researchers to deduce the type of BMI, sometimes 
even identifying species.

North Carolina Biotic Index:
After identification (to family-level taxonomic group) and 

enumeration of each taxon, the BMI assemblages were used 
to determine the NCBI values of the stream sites. The NCBI 
score (equation 1) uses the abundance values and family-
level tolerance values (mean of all reported NC species in 
the family) of BMI taxa to determine a quantitative value of 
water quality, the mean tolerance value of the sample. The 
outputs range from 0.0–10.0, where the lower values indicate 
less tolerance for pollution and higher water quality. An 
abundance of pollution-intolerant species (e.g., EPT taxa) 
would indicate better water quality, whereas an abundance 
of pollution-tolerant species would indicate poorer water 
quality. The following equation for calculating a mean (e.g., 
from the NCDEQ SOP) was used to determine the NCBI:³²

Figure 1: A Google Maps depiction of Bolin Creek. The three tested sites 
(upstream to downstream) are marked with red circles: State Road, Village 
Road, and East Franklin Street.
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A lower value of the Biotic Index (B) signifies greater 
water quality with lower mean tolerance values. The resulting 
NCBI scores were compared to the bioclassification criteria 
according to the NCDEQ SOP Table 8 and ranked based on 
the scale from “Excellent” to “Poor” using the Piedmont area 
classifications.

Biodiversity Indices:
To prevent solely relying on the Biotic Index to determine 

the water quality of the stream sites, biodiversity was also quan-
tified using two indices: Simpson’s Diversity Index (equation 
2) and Shannon-Wiener Diversity Index (equation 3), which 
produced results in ranges of 0–1 and 0–5, respectively. These 
indices indicate the level of biodiversity and evenness within 
a sample. For the Simpson’s Diversity Index, which takes into 
account the dominance of species, numbers nearing the lower 
limit of the range represent relatively lower biodiversity and 
evenness whereas numbers nearing the upper limit represent 
relatively higher biodiversity and evenness. For the Shan-
non-Weiner Diversity Index, numbers nearing the lower limit 
of the range represent lower biodiversity while numbers near-
ing the upper limit of the range represent higher biodiversity. 
The formulas are displayed below:

Water Chemistry and Physical Water Properties:
Eight measurements of water chemistry and physical wa-

ter properties were collected at the five sites. The Vernier 
LabQuest® 2 probes and monitors were used to measure turbid-
ity in Nephelometric Turbidity units (NTU), dissolved oxygen 
(DO, mg/L), conductivity in microsiemens per centimeter (μS/
cm), pH, and water temperature (℃). All probes were “plug-
and-play” with the exceptions of the turbidity probe, which 
required calibration before each use, and the DO probe, which 
also required occasional calibration. A LaMotte Earth Force® 
Low-Cost Water Monitoring Kit was used to test approximate 
nitrate (NO₃, ppm) and phosphate (PO₄, ppm) concentrations, 

as well as the presence or absence of mammalian fecal coliform 
(Escherichia coli).

BEHI:
A modified Bank Erosion Hazard Index (BEHI) was used 

to assess the extent of bank erosion at each site. The specific 
BEHI procedure used, developed by Dave Rosgen of Wildland 
Hydrology, Inc., was written and explained by Rathbun (2008). 
Factors that affected BEHI scores49 included root depth, root 
density, surface protection, bank angle, and the presence of var-
ious types of rock/soil and stratification.

Discharge:
Baseline discharge, or the amount of water usually flowing 

through a river at any given point and measured in ft3/s, was 
determined and recorded at each of the five sites. The team 
followed the protocol created by the National Great Rivers Re-
search and Education Center for the calculations.⁵⁰ Briefly, this 
entaileds determining the cross-sectional area of the stream 
site in ft² multiplied by the water flow rate in ft/s.

Land Coverage Data:
Land coverage data for each of the areas around the wa-

tersheds that drained into their respective stream sites were 
collected through QGIS software with data retrieved from 
the USGS National Map as well as the National Land Cov-
er Database (NLCD).⁵¹ The NLCD is a product of the 
Multi-Resolution Land Characteristics (MRLC) Consor-
tium, a federal collaboration.⁵² The MRLC consortium uses 
Landsat satellite imagery as part of their data collection pro-
cedure. These data allowed for the categorization of urbanized 
land cover. The authors categorized the land use upstream to 
sampling sites into “low”, “medium”, and “high” groups based 
on the percentage of ISC in each watershed.⁵¹ “Low” entails 
20–49% ISC, “medium” entails 50–79% ISC, and “high” entails 
80–100% ISC. For the purposes of the study, low, medium, and 
high land uses were combined into one measurement of “de-
veloped land coverage”. In addition, the same methods were 
used to determine the percentage of agricultural and forested 
land cover. However, these data were not used in correlation 
calculations.
�   Results
North Carolina Biotic Index (NCBI) values ranged from 4 

to 7 and increased as Bolin Creek flowed further downstream, 
indicating decreasing water quality (Figure 2). State Road is 
upstream from Village Road, and Village Road is upstream 
from East Franklin Street. Developed land cover increased 
from State Road to East Franklin Street, but Village Road 
had a lower percentage of developed land cover than State 
Road (Table 1). Notice that the percentage of developed 
(impervious) land cover at the “Poor” site at E. Franklin Street 
was approximately six times greater than that of the “Excellent” 
site at Pokeberry Creek. Strong positive correlations were 
found between developed land cover and NCBI (Figure 3) 
as well as developed land cover and conductivity (Figure 4). 
Conductivity was moderately positively correlated with NCBI 
values (Figure 5). Turbidity was strongly positively correlated 
with NCBI (Figure 6). Nitrate and phosphate concentrations 
strongly positively correlated with developed land cover 
(Figure 7) and with NCBI values (Figures 8–9). In comparing 
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biodiversity scores determined using the Simpson’s Diversity 
Index (SDI) and the Shannon-Wiener Index, it was found 
that Pokeberry Creek had the highest level of biodiversity and 
Morgan Creek had the lowest level of biodiversity (Figure 10). 
From furthest upstream (State Road) to furthest downstream 
(East Franklin Street), Bolin Creek’s biodiversity decreased. 
Both biodiversity indices agreed on the relative biodiversity 
scores. It may appear that the SDI detected no difference 
between the biodiversity of Bolin Creek at State Road and 
Village Road (Figure 10), but closer analysis of the values 
indicated that it did. A moderately strong, positive correlation 
was found between SDI and dissolved oxygen (DO; Figure 
11). 

A moderate negative correlation was found between nitrate 
concentration and DO (R²= 0.60; not shown). A weak–
moderate positive correlation was found between DO and 
the number of EPT found at the sites (R²= 0.39; not shown). 
A strong but chemically unexpected correlation was found 
between DO and temperature (R²= 0.84; not shown). 

Correlations with R² values below 0.40 were not considered 
meaningful. However, a correlation approaching R²> 0.40 
was found between temperature and SDI (R²= 0.38). No 
meaningful correlations (not shown) were found between 
discharge and DO; turbidity and SDI; turbidity and the 
abundance of EPT; discharge and NCBI values; discharge 
and SDI; pH and NCBI values; temperature and NCBI; 
nitrates, phosphates, and SDI; or pH and SDI. No correlation 
was found between temperature and developed land cover 
(not shown). 

Water Chemistry and Physical Water Properties:

Figure 2: North Carolina Biotic Index values for three different sites at 
Bolin Creek and two reference streams (Pokeberry and Morgan Creeks).  

Table 1: Percentage of developed, forested, and agricultural land in the area 
that drains into each of the five study sites. Notice that the percentage of 
developed (impervious) land cover at the “Poor” site at E. Franklin Street was 
approximately six times greater than that of the “Excellent” site at Pokeberry 
Creek.  

Figure 3: The relationship between the percentage of developed land cover 
and the North Carolina Biotic Index value.  

Figure 4: The relationship between the percentage of developed land and 
conductivity.  

Figure 5: The relationship between conductivity and North Carolina Biotic 
Index scores.  

Figure 6: The relationship between the percentage of developed land cover 
and turbidity. Turbidity was measured in Nephelometric Turbidity Units, 
NTUs.   
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Temporal Changes: 
Figures 12–14 show changes in the water quality of the Bolin 

Creek sites at State Road, Village Road, and East Franklin 
Street over time, respectively. The water sites and graphs there-
of are ordered from best to worst quality in terms of NCBI 
score. In each graph, the red bar indicates the data recorded by 
this study. The remaining data is taken from Lenat Consult-
ing Services (2015) as well as data from the North Carolina 
Department of Water Resources (NCDWR), retrieved from 
the report by Lenat Consulting Services (2015).53 This study’s 
data were calculated using the “Qual-4” method. Lenat Con-
sulting Services (2015) mentioned other methods as well, such 
as the Standard Qualitative Method, so the comparisons may 
not be exact. However, since the NCBI takes the total abun-
dance of species into account, the comparisons are nonetheless 
valuable. Compared to 2015, the water quality of the site of 
Bolin Creek at State Road has increased (Figure 12). Since 
2002, the water quality of Village Road has increased, but 
the water quality is still lower than in 1998 (Figure 13). From 
March 2001 to July 2001, the water quality of Bolin Creek at 
East Franklin Street improved, but since July 2001 it worsened 
and remains at the same level as in March 2001 (Figure 14).  

Figure 7: The relationship between the percentage of developed land cover 
and nitrate and phosphate concentrations. The red data points and red line-
of-best-fit correspond to the correlation between the percentage of developed 
land and nitrate concentrations. The blue data points and line-of-best-fit 
correspond to the correlation between the percentage of developed land and 
phosphate concentrations.   

Figure 8: The relationship between nitrate concentration and North 
Carolina Biotic Index (NCBI) value.   

Figure 9: The relationship between phosphate concentration and North 
Carolina Biotic Index (NCBI) value.   

Figure 11: The relationship between Simpson’s Diversity Index scores and 
dissolved oxygen (ppm).   

Figure 12: The change in the Biotic Index values of Bolin Creek at State 
Road 1777 over time.   
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Figure 10: Biodiversity scores for the five tested sites as measured by both 
the Simpson’s Diversity Index (blue bars) and the Shannon-Wiener Diversity 
Index (red bars).   
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�   Discussion
Previous Studies and Observations: 
Observations of NCDEQ data and previous studies show 

that the water quality of Bolin Creek does not decline uni-
formly, and upstream sites may be improving in water quality 
over time (Figures 12–13). However, as the creek flowed further 
into Chapel Hill, the bioclassifications changed into “Fair” near 
Estes Drive and Village Road; then, it flowed to a “Poor” rating 
at Bolinwood Drive and East Franklin Street.⁴⁴ The Watershed 
Assessment Restoration Project (WARP) determined urban-
ization and its effects as causes for the impairment, linking 
“habitat degradation, riparian degradation, [...], and toxicity” 
as primary stressors of the Bolin Creek watershed,40 as well as 
the possible stressors of extreme temperatures, high oxygen de-
mand, and high nutrient levels.⁴⁰ The Bolin Creek Greenway, 
built in 1992, contributed to habitat and riparian degradation, 
as well as increased erosion along the banks of the river because 
of reduced vegetation to maintain bank stability, resulting in 
increased sedimentation in the stream substrate.⁴¹ The instal-
lation of paved paths creates impervious surface cover (ISC) by 
which stormwater runoff can flow directly into the river.⁵⁴ Un-
paved paths also create problems for the river as most unpaved 
paths are created in a “dip” shape which can erode and drain 
into the stream adjacent to the greenway, increasing sedimen-
tation in the water.⁵⁵

Bolin Creek has also had multiple sewage failures. The 
North Carolina Department of Water Quality (NCDWQ) 
non-discharge compliance unit data and the Orange Water 
and Sewage Authority (OWASA) recorded 4 sewage spills in 
the span of January 2000 to December 2002.⁴¹

Some efforts have been made to restore Bolin Creek. As a 
result of being on the 303 (d) list of impaired creeks, it qualified 
for an EPA 319 grant as part of the Clean Water Act.⁵⁶ The 
grant allowed the Bolin Creek Restoration Project (BCRP) 
to focus on repairing and controlling stream bank erosion, 
improving the overall water quality, and eliminating invasive 
species.⁵⁷ The BCRP included bank reshaping to reduce fur-
ther erosion; removing and replacing invasive species; creating 
“step-pools” to reduce erosion and create riffles for aquatic life; 
and building multiple bioretention cells to redirect stormwater 
drainage, reduce erosion, recharge groundwater, and filter pol-
lution.⁵⁷,⁵⁸

The Findings of this Study: 
The findings of this study supported the conclusion made by 

the NCDWQ Watershed Assessment Report that the water 
quality of Bolin Creek declines as it flows further downstream 
(Figure 2).⁴⁰ The site of Bolin Creek at East Franklin Street, 
furthest downstream of the sites tested, has more urban de-
velopment than the site of Bolin Creek at State Road, the site 
of Bolin Creek furthest upstream of the tested sites (Table 
1). The site at East Franklin Street also had the poorest wa-
ter quality in the study (Figure 2). In comparison, the site at 
State Road had the best water quality among the tested sites of 
Bolin Creek (Figure 2). Before the data collection, a decline in 
the water quality of Bolin Creek further downstream, as well 
as an increase in urbanized surroundings further downstream 
were observed, suggesting a correlation between urbanization 
and the declining water quality of Bolin Creek. The site of 
Bolin Creek at Village Road lies between State Road and East 
Franklin Street. According to the hypothesis that urbanization 
and poor water quality co-occur, Village Road’s water quality 
would measure between those of State Road and East Franklin 
Street. This study showed that this is indeed the case (Figure 
2). However, the site of Bolin Creek at Village Road had lower 
levels of development (ISC) than State Road (Table 1). This 
may be because Village Road has a lower percentage of forest 
land (Table 1).

The strong correlations found between developed land cover 
and declining water quality support the hypothesis that ur-
banization co-occurs with the declining water quality of Bolin 
Creek (Figure 3). The differences in development between the 
reference sites and the Bolin Creek sites in terms of ISC and 
development were associated with the decreased water qual-
ity of Bolin Creek. BMI populations were adversely affected 
in successive downstream sites on Bolin Creek (Figure 2). 
Sensitive BMI species’ population densities decreased, while 
densities of tolerant species increased. 

It was seen that electrical conductivity (EC) is an important 
effect of urbanization influencing water quality (Figures 4–5). 
EC was positively correlated with development (Figure 4) and 
declining water quality (Figure 5). Urban runoff can pick up 
pollutants,¹⁷,²³ as well as total dissolved solids (TDS).21 For 
example, Sartor et al. (1974) measured a weighted mean of 
1,400 pounds of TDS per curb mile in their study of 12 cities.²¹ 
Through urban and agricultural runoff, as well as sewage, TDS 
can accumulate in water bodies.⁵⁹ TDS, which also measures 
ions,²⁴ increases the EC of water. While the relation

Figure 13: The change in Biotic Index values of Bolin Creek at Village 
Road over time.   

Figure 14: The change in Biotic Index values of Bolin Creek at East 
Franklin Street over time.   
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ship between EC and TDS is more complex in wastewater, the 
correlations between TDS and EC in natural water are sig-
nificant,²⁴ further explaining the associations found between 
developed land cover, EC, and declining water quality.

Turbidity was shown to be a factor of development associ-
ated with declining water quality, ISC, and runoff (Figure 6). 
Sedimentation is correlated with turbidity,²⁷ and sediments and 
nutrients can harm habitats and benthic aquatic organisms.⁶⁰ 
Higher turbidity levels lead to decreases in photosynthesis 
levels and resulting dissolved oxygen concentrations, and veg-
etation density.⁶⁰ This may explain the decrease in biodiversity 
as Bolin Creek flowed further downstream into more devel-
oped land (Figure 10) as DO was correlated with biodiversity 
(SDI; Figure 11). Algal growth increases turbidity,⁶¹ and in the 
events of algal blooms, turbidity measurements can inversely 
correlate with DO because of increased algal metabolic activity 
at night and increased aerobic bacterial decomposition of dead 
algae.⁶²

Nitrate and phosphate levels were correlated with devel-
opment and ISC (Figure 7). Increased nitrate and phosphate 
levels may cause higher turbidity and EC levels, as the nu-
trients cloud water. Urban areas are sources of nitrogen (N), 
found in nitrate ions, and phosphorus (P), found in phosphate 
ions, to aquatic ecosystems, for example from fertilized laws.⁶³ 
When runoff is insufficiently slowed, increased amounts of 
N and P can enter streams, providing essential nutrients for 
algal growth.⁶⁴ Growing human populations increase runoff 
and discharges of pollutants and sewage (including pet sew-
age), leading to cultural eutrophication, which entails pollution 
of water bodies by nutrients and toxic algal blooms.⁶³,⁶⁵ Algal 
populations increase in proportion to the amount of N and 
P, essential nutrients, in water bodies. A study of the Belgian 
Coastal Zone found a meaningful relationship between nitrate 
concentration in water and the growth of Phaeocystis globosa, 
a harmful algal bloom species, and an indicator of eutrophi-
cation.⁶⁶ Algae blooms can increase turbidity and algal toxin 
concentrations, and cause deoxygenation due to the decay and 
cellular respiration of excesses of algae.⁶² While nutrient pollu-
tion may lead to eutrophication, it is also important to consider 
that metals, toxins, and turbidity increases due to urban devel-
opment can negatively affect algae biodiversity and biomass, 
as shown by studies reviewed by Paul and Meyer (2001).⁵ It is 
clear, however, that nutrient pollution, similar to increased sed-
iment and suspended matter, was associated with development, 
runoff, and declining water quality.

Similar to the correlations found between development and 
nutrient pollution (Figure 7), Kim et al. (2016),⁶⁷ in their stud-
ies of 47 sub-watersheds over 5 years in the Han River Basin 
in Korea found a strong correlation between ISC and P levels. 
Ballasiotes et al. (2015) showed that in Bolin Creek, there was 
a higher level of N at East Franklin Street, which has 15.58% 
ISC, than at a site they tested with 14.23% ISC.²⁰ The site 
with 14.23% ISC had higher levels of N than another site 
they tested with an even lower ISC percentage of 9.23%. They 
found that N was “generally increasing” further downstream in 
Bolin Creek. 

Bolin Creek at East Franklin Street, the most developed site 
tested, has continually proved to have the poorest water quality 
of the three sampled sites at Bolin Creek (Figure 2). Compari-
sons between this study’s data and those of the NCDWR show 
that the water quality at East Franklin Street has not improved 
since 2001 (Figure 14). Chapel Hill currently has dangerously 
high levels of ISC.²⁰

The bioclassifcations determined by the NCBI scores cal-
culated were relatively consistent with the data from the 
NCDEQ, but there were some differences. The NCDEQ 
rated Bolin Creek at State Road (BB330) and Village Road 
(BB449) “good-fair” in 2001 and “fair” in 2002, respectively. 
This study, however, rated them as “good” and “good-fair,” re-
spectively. These findings may indicate that the water quality 
of the two sites has improved.

The hypotheses that the UHI effect and that pH impact 
Bolin Creek were not supported. The correlation found be-
tween temperature and DO was the opposite of what would be 
expected chemically. The short time span of the data collection 
likely contributed to inconsistent findings on temperature. Fur-
ther studies should be conducted to investigate the relationship 
between temperature and land cover at Bolin Creek. In ad-
dition, further research is needed to clarify the relationships 
between the pH of the water of Bolin Creek and development 
in its watershed.

Limitations: 
Among the limitations encountered in this study, the most 

challenging was a lack of complex and precise equipment. The 
nitrate and phosphate tests provided a rounded measurement 
in ppm. The coliform (E. coli) test provided only qualitative 
results in the form of “positive” or “negative”; hence, there was 
a lack of precision in the density of coliform present in the 
streams. Another limitation encountered was the use of BMI 
to assess water quality. Although they are useful, BMI does not 
respond to all types of pollutants. The presence or absence of a 
species may be due to factors other than pollution, such as un-
favorable water currents, type of substrate, or drought, and their 
abundance and distribution may vary seasonally. Our tools for 
BMI identification, such as handheld magnifying glasses, did 
not have enough magnifying power to allow specific morpho-
typing of all BMI into genera and species. Another limitation 
of this study was the researchers’ general lack of experience and 
expertise in the collection and identification of BMI. Howev-
er, the data collected in this study were considered sufficient 
enough to support this study’s hypothesis and are consistent 
with NCDEQ findings. If this study were to be repeated with 
more sophisticated equipment, the results could be subject to 
small changes, but it is inferred that the overall conclusion 
would remain the same. Future research should be conducted 
to corroborate this study’s conclusions over a longer time span, 
a larger number of samples, and in different weather conditions 
and seasons.

Broader Issues and an Orientation to the Future: 
The continued study of urbanization, ISC, and water quality 

are crucial, both as it relates to Bolin Creek and water quality 
and ecosystems in general. Runoff is the third largest cause of 
water impairment in tested lakes, according to the National 
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Water Quality Inventory.⁶⁸ Chapel Hill, where the worst 
water quality of Bolin Creek was reported, is undergoing fur-
ther urbanization. This increased development will make the 
issue of declining water quality in the Bolin Creek watershed 
more relevant and apparent.²⁰ Biotic and abiotic components 
in ecosystems are complex and interconnected.⁸ The impacts 
of urbanization (both present and future increased levels) on 
Bolin Creek could be threats to more complex networks of 
ecosystems. 

The declining water quality of Bolin Creek falls under 
the broader development of urbanization. The process of ur-
banization has grown rapidly over a short amount of time. 
Urbanization mostly occurred over the past 200 years.⁹ Accord-
ing to data from the Census Bureau, 40% of the US population 
lived in urban areas in 1900.9 In current times, in the US, 80% 
of the population lives in urban areas.¹² With increased tech-
nological power, and exponential improvements in technology 
and sciences,69 the rapid growth of urbanization does not ap-
pear to be slowing. By 2050 it is predicted that more than ⅔ of 
the world population will live in urban areas, amounting to 7 
billion people.⁹ The rapid growth of urbanization suggests that 
in addition to having to deal with the effects that urbaniza-
tion has already had, the future effects of urbanization must be 
managed even more effectively.

Future Mitigation Strategies: 
A major factor damaging the water quality of Bolin Creek 

was identified, both in previous studies and this study, as urban 
runoff linked to impervious surfaces. In areas with high urban 
development, it is important to develop conservation strategies 
to mitigate the impacts of urbanization.¹⁰ Replanting native 
vegetation to restore the riparian buffer along Bolin Creek 
would retard runoff and erosion.⁷⁰

Due to the ability of street contaminants to pollute streams 
in the form of runoff, Sartor et al. (1974) sought to explore the 
general efficacy of conventional street cleaning operations on 
the reduction of street contaminants.²¹ The typical mechanical 
street cleaning operations conducted by U.S. cities were found 
to be unable to remove a majority of street contaminants. It 
was found that when the “effort” of mechanical street cleaning 
practices was increased, such as through conducting multiple 
“sweeps” of an area or operating at a slower speed, up to 90% of 
concentrations of dust and dirt could be removed from street 
surfaces. Ongoing research is exploring the efficacy of street 
cleaning as a best management tool.⁷¹ However, the Town of 
Chapel Hill may still benefit from exploring street cleaning as 
an option to decrease the impact of urban runoff on aquatic 
ecosystems.

Green infrastructure (GI), such as green roofs, is also an op-
tion that the Town of Chapel Hill could explore. GI is defined 
by the Conservation Fund to describe the interconnected net-
work of features, natural areas, semi-natural areas, and green 
spaces that maintain ecological processes in rural and urban 
areas.⁷² GI has been identified as a sustainable method of 
managing stormwater.⁷³-⁷⁵ Green roofs in partsicular contain 
vegetative layers that can slow and reduce stormwater runoff 
as well as filter pollution from rainfall.⁷⁶ Costs may discourage 
investment in green roofs; however, those costs may be offset 

by the environmental benefits green roofs can offer.76 Simi-
larly, various types of permeable surfaces, surfaces that allow 
the infiltration of water, are effective at reducing runoff and 
the peak flow of floods.⁷⁷,⁷⁸ Although the reduced durability of 
permeable surfaces serves as a challenge deterring their wide-
spread adoption, the ability of permeable pavements to mitigate 
the aforementioned negative effects attributed to urbanization 
may still validate its consideration by the Town of Chapel Hill 
as a form of stormwater management.⁷⁷, ⁷⁸ Additionally, future 
research should be conducted on the efficacy of other GI, such 
as the bioretention pools constructed as part of the BCRP, to 
prove if they are an effective solution to improve water quality.

A supplemental resource for the Town of Chapel Hill to con-
sider is the Clean Water State Revolving Fund (CWSRF).⁷⁹ 
This government-sponsored program allows eligible recipients 
to receive low-interest loans for water infrastructure projects.⁷⁹ 
Chapel Hill could explore this program as a financing resource 
for water infrastructure projects aimed at improving the water 
quality of its aquatic ecosystems.

Lastly, it is important to raise the awareness of the commu-
nity of Chapel Hill about the health of its aquatic ecosystems. 
Many adults and children live in urban areas; therefore, ecol-
ogists and education systems have a unique opportunity to 
educate the general public on ecological processes.⁵ As specific 
outreach to reach many children, Bolin Creek could be used as 
an example in classrooms to demonstrate the negative effects 
of urbanization. Citizens with an increased awareness of the is-
sues affecting their town may feel more inclined to support the 
mitigation of such issues. The implementation of some or all 
of the proposed solutions may lead to the improvement of the 
water quality of Bolin Creek as well as of other creeks affected 
by urbanization.
�   Conclusion
This study found meaningful correlations between metrics 

of developed land use and declining water quality. The sites at 
Bolin Creek declined further downstream as its immediate wa-
tershed became increasingly urbanized. The site at East Franklin 
Street consistently showed worse water quality than the other 
tested sites in terms of its conductivity, nitrates, phosphates, 
NCBI score, biodiversity, and DO levels. Biodiversity alone, 
however, was not found to meaningfully predict NCBI scores, 
and the UHI was not reflected by this study’s data on tempera-
ture. Nonetheless, sensitive BMI such as EPT declined as ISC 
increased, and nutrient pollution due to developed land cover 
was reflected by the data of this study. Bolin Creek’s site at East 
Franklin Street has not improved since 2001, and impervious 
surfaces in Chapel Hill are at high levels. Prior research as well 
as the data of this study prompted the researchers to determine 
runoff from impervious land cover to be the major probable 
cause of urbanization affecting Bolin Creek. 

Due to the interconnected nature and sensitivity of eco-
systems, and the ecosystem services provided by them, Bolin 
Creek’s case cannot be viewed in isolation. The biological con-
cerns of Bolin Creek are relevant both to the residents living 
near it, as well as to urban ecosystems in general. The findings 
of this study on the effects of urbanization are relevant and 
important because of the rapid growth of urbanization tak
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ing place in the US and globally. The authors hope that Bolin 
Creek’s water quality will be restored to healthy levels and that 
further mitigation of the effects of urbanization will be a pri-
ority in the future.
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