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� Introduction
Due to increasing global awareness regarding the havoc that 

unprotected sun exposure can have on our skin, sunscreen lo-
tions have become one of the fastest-growing aspects of the 
skincare industry.¹ As a matter of fact, in 2013, at a global scale, 
the sun care market generated 5.6 billion in US dollars and 
according to experts, is predicted to reach a staggering amount 
of 10.7 billion by 2024.² For nearly a hundred years, sunscreens 
have existed. They were created with the goal to block out the 
sun. Starting out, they were ashen substances made with zinc 
oxide that no one was keen on using, but scientists rose to the 
challenge and were able to create a sunscreen with clear chem-
icals. In the year 1944, Coppertone brand sunscreens became 
the first mass marketed sunscreen that people willingly used.³ 
Studies have shown that unprotected ultraviolet (UV) ray ex-
posure causes skin cancer and ages the skin prematurely, which 
highlights the importance of guarding our skin against it.³ 
There are three components to ultraviolet irradiation: ultravi-
olet A (UVA), ultraviolet B (UVB), and ultraviolet C (UVC). 
Whereas UVC is almost entirely absorbed by the Earth’s ozone 
layer, UVA and UVB still reach the Earth in amounts that are 
damaging to our skin. UVB in particular is more of a threat, as 
it penetrates the epidermis and the upper section of the dermis, 
damaging fibroblast cells, leading to photoaging, sunburn, and 
skin cancer. 

Within the industry, there are two types of sunscreens: phys-
ical (also called mineral or inorganic) and chemical (also called 
organic). Physical sunscreens reflect UVA and UVB rays and 
the two most common ingredients for this particular branch of 
sunscreens are titanium dioxide and zinc oxide. As for chemical 
sunscreens, they absorb the UV rays and prevent them from 
penetrating the skin and causing damage. These sunscreens 

often include actives such as oxybenzone, avobenzone, and 
octinoxate, to name a few main ones.

There are seventeen individual ingredients approved by the 
Food and Drug Administration for use as actives in sunscreens, 
and fifteen of them are clear chemicals that absorb UV rays. 
However, nine of these fifteen are known endocrine disrup-
tors that are chemicals that disrupt the function of human 
hormones which can be detrimental to our health and overall 
quality of life. Endocrine disruptors can cause the abnormal 
development of fetuses and growing children as well as low 
sperm count, infertility, and early puberty. Some can contrib-
ute to breast and ovarian cancer development and increase the 
chances of prostate cancer. The endocrine disruptors find their 
way into our bodies due to the nature of the sunscreen, being 
that it needs to be rubbed in. When they are rubbed in, they 
don’t sit directly on the skin, but rather sink in and are ab-
sorbed by the skin and swiftly reach the bloodstream. They can 
be detected in urine, breast milk, and blood at alarming levels 
for up to 48 hours after one application. This is because they 
scatter throughout the body, evading detoxification by the liver. 
What’s worse is that reapplication is necessary for them--some 
even lose 90% of their effectiveness within an hour.³ 

Additionally, because chemical sunscreens work by absorbing 
ultraviolet rays, some may mutate after being used up. Some even 
produce DNA-damaging chemicals referred to as free radicals 
which can lead to cancers.³ Moreover, according to EWG, 80 
percent of sunscreens contain oxybenzone.⁴ Unfortunately, 
sunscreen ingredients such as oxybenzone, benzophenone, 
and octocrylene are potentially skin carcinogenic or enter our 
bodies through our skin and contain other health risks.⁵

One may suggest using physical sunscreens and forgoing 
chemical sunscreens if they pose a health risk--however, these 
physical sunscreens have a detrimental effect on the health of 
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not only humans, but the planet. As mentioned, zinc oxide is 
a main physical sunscreen active ingredient and humans pile 
on physical sunscreens containing it and go for a swim at the 
beach, causing it to wash off their skin and transfer into the 
water. Mounting research on the subject suggests that zinc 
oxide causes severe coral bleaching, which damages both hard 
corals and their symbiotic algae.⁶ Unfortunately, this problem 
regarding sunscreens and the marine environment is not 
limited to physical sunscreens; chemical sunscreen actives such 
as oxybenzone also have harmful effects. One study showed 
that oxybenzone began causing severe damage to corals at 
the low concentration of a drop of water in six-and-a-half 
Olympic-sized swimming pools.⁷ Another study from 2016 
suggested that oxybenzone caused an increase in bleaching 
susceptibility, genotoxicity, abnormal skeleton growth due 
to endocrine disruption, and deformation in baby coral.⁸ 
The damage from sunscreen chemicals coupled with climate 
change spells disaster for corals and other marine life forms. 
Because 6,000 tons of sunscreen lotion washes off of tourists’ 
skin into Hawaii’s waters, the State of Hawaii passed a bill in 
May of 2018 that would ban sunscreens with oxybenzone and 
octinoxate, which took effect in January of 2021.⁹

In response to this bill and the overall uproar surrounding such 
active ingredients in sunscreens, companies began creating and 
marketing sunscreens as “reef-safe” by forgoing oxybenzone. 
However, these sunscreen companies use chemicals such as 
octocrylene, homosalate, and octisalate to replace it, which may 
be harmful to marine life. For example, one study in Science of 
the Total Environment found that octocrylene may adversely 
affect liver and brain development in zebrafish, making it not-
so “reef-safe” as it affects other forms of marine life instead. In 
fact, octocrylene has been detected--along with oxybenzone, 
octinoxate, etc.--in numerous fish species globally.¹⁰ Due to 
the effects of both physical and chemical sunscreens on the 
health of humans and the planet, a healthier, environmentally-
friendly, and efficient protection against UV rays is needed.

Recently, interest in herbal medicine and its research 
has grown at a global scale, as various herbal extracts are 
being shown to possess beneficial properties. Dandelion, or 
Taraxacum off icinale, is found in almost every region on Earth. 
It has been shown to possess many properties including being 
anticarcinogenic, antioxidant, and anti-inflammatory.¹¹ For 
centuries, dandelion extracts have been used in traditional 
Chinese and Native American medicine in treatments for 
cancers, hepatitis, and a variety of digestive diseases.⁵ Studies 
suggest that ingesting them may help fight inflammation, cut 
cancer risk, aid diabetes treatment, promote heart health, help 
in weight loss, promote bone health, improve liver health, 
boost immunity, prevent anemia, prevent water retention 
in kidneys, and help boost skin health.¹²,¹³ In addition, due 
to their high Vitamin C content, they are a great topical 
treatment in combating free radicals (that can be caused by 
chemical sunscreens) and treating aging skin. Due to its high 
alkaline levels, it can be useful in combating itching, eczema, 
and the bacteria that cause acne.¹⁴

Previous research suggests that dandelion extract possesses 
UV blocking capabilities.¹⁵ In the previous study, 0.6 ounces of

all the potential sun blocking substances were used to acquire 
results. However, the amount of sunscreen that is recommend-
ed by experts to use for an entire face is only a nickel-sized 
amount.¹⁶ A nickel-sized amount is approximately 2 mL, or 
0.067628 ounces. Thus, the measurements used to obtain re-
sults in the study were not truly reflective of the amount a 
person would use, which is why, in this experiment, the effica-
cy of dandelion extracts and Coppertone™ sunscreens of Sun 
Protection Factor (SPF)15,30, and 50 as UV ray blocking sub-
stances at the quantity of 2 ml were tested. Testing the efficacy 
of the substances in this quantity would provide a perception 
of how the dandelion extract and sunscreens would perform 
at the level recommended for use. This is important because 
companies could be tremendously aided while creating their 
products by this information--especially if they are doing so 
with dandelion extract in the future as a result of such studies. 
This is due to the fact that the amount of extract needed for 
proper UV ray protection is unknown. In addition, a lack of 
data analysis was noted in the prior study, which is why the 
results were analyzed using statistical analyses such as Analy-
sis of Variance (ANOVA) and Two Samples Assuming Equal 
Variance (t-test) in this experiment. 
� Methods

The materials required for the experiment were dandelion ex-
tract with a concentration of 0.93 g/ml, SPF 15 Coppertone™ 
sunscreen, SPF 30 Coppertone™ sunscreen, SPF 50 Cop-
pertone™ sunscreen, ultraviolet (UV) sensitive paper, as well 
as common household Ziploc bags. Thirty individual sheets 
of UV sensitive paper were set aside per sunblocker, including 
the dandelion extract, amounting to 120 papers used and 30 
trials. On each paper, 2 ml of its respective sunblocker (either 
dandelion extract, Coppertone™ sunscreen Sun Protection 
Factor 15, Coppertone™ sunscreen Sun Protection Factor 30, 
or Coppertone™ sunscreen Sun Protection Factor 50) was 
spread evenly in an area with no direct sunlight. In addition, 
there were 30 other papers that were used as a control group 
upon which no sun blocking substance was smeared. Each pa-
per was placed into its own individual plastic bag, taking care 
to not let the sun blocking substance smear onto the plastic 
of the bag’s interior, as the trial wouldn’t be fair if it occurred 
because the amount of the substance would no longer be equal. 
Once all 120 individual papers were smeared and put into their 
bags, they were left in the sunlight for fifteen minutes. All 30 
trials were conducted at the same time, due to the fact that 
if they were not, there would be another factor to consider: 
the conditions outside, such as the temperature and humidity. 
Though the papers were left for approximately five minutes 
while the others were being smeared or being put into bags, 
the chemical reaction does not occur until placed directly in 
the sunlight. Care was taken to ensure that the papers were not 
overexposed, as this would disrupt the reaction taking place 
and nullify the trial. 

The UV sensitive papers started out as a shade of blue, and 
once they were left in the sun with their sun blockers, a chemi-
cal reaction took place, causing the area around the smear (that 
was not smeared with the substance) to turn white. After 
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15 minutes, the papers were withdrawn from their bags to an 
area with no direct sunlight, with caution being exercised so as 
not to touch the smeared portion of them, and were deposited 
into a bath of pure water in order to halt the chemical reac-
tion taking place. For a full minute, each paper was kept in the 
bath. The papers were removed immediately once the minute 
was up to prevent discrepancies and overexposure to the water 
which could hinder the appearance of the actual reading of the 
UV light blockers. Each paper was then allowed to dry inde-
pendently. Once they were dry, the un-smeared portions of the 
paper returned to the shade of blue they were prior to sun-ex-
posure and the smeared portions showcased the UV protection 
each sun blocker had. A scale from 0-5 was used to grade each 
paper, with 0 being the best (lightest) and 5 being the worst 
(darkest), in terms of UV ray blocking (Table 1). Then, the av-
erage for each substance was calculated (Table 2). The papers 
were graded blindly in order to reduce bias. However, in or-
der to identify which paper had been smeared with which sun 
blocking substance, a D, 15, 30, or 50 was written on the back 
of each paper according to the substance they’d been smeared 
with before they’d been smeared. The papers used in the con-
trol group had a C on the back. 

� Results and Discussion
 The substance with the lowest amount of ultraviolet ray 

penetration turned out to be the dandelion extract, with an 
average of 1.233, and the substance with the highest level of 
UV ray penetration turned out to be the Sun Protection Factor 
(SPF) 15 Coppertone™ sunscreen with 4.166 as an average 
(Figure 1). The SPF 30 Coppertone™ sunscreen had an av-
erage of 3.1 and the SPF 50 Coppertone™ sunscreen had an 
average of 2.866 (Figure 1). In essence, the bluer the smear was 
on the UV sensitive papers, the less efficient the sun-blocking 
substance was, meaning that more UV light was able to pass 

through the substance. The results were analyzed by perform-
ing multiple statistical analyses, such as ANOVA and t-test.

The dandelion extract was found to have a significantly 
higher rate of UV protection (p<0.05) compared to all three 
other sunscreens tested (Table 3). The SPF 15 was conclud-
ed to possess significantly (p<0.05) lower rates of protection 
against UV rays. Even the SPF 50, the Coppertone™ sun-
screen with the highest protection tested, had significantly 
lower UV ray protection compared to the dandelion extract. 
However, the SPF 30 and SPF 50 Coppertone™ sunscreens 
were very similar to each other in terms of UV protection. This 
is due to the fact that SPF 15 blocks 93% of ultraviolet irradi-
ation, SPF 30 blocks 97%, and SPF 50 blocks 98%, leaving us 
with only a difference of one percent in SPF 30 and SPF 50’s 
UV blocking.¹⁷ Thus, the results of this experiment suggest 
that dandelion extract exhibits UV ray protection of over 98%.

Table 1 : Table containing the results of each individual paper as the grade 
given to them from 0-5, with 0 being the best and 5 being the worst in terms 
of the ultraviolet protection they showcased.

Table 3 : Table showcasing all statistical analyses performed on the 
obtained data and their respective p-values, including their interpretation.

Figure 1 : Mean of UV penetration by different sun blockers tested. Bars 
represent mean +SE and the different letters indicate significant (P< 0.05) 
differences among values obtained by performing statistical analyses.

Table 2 : Table containing the calculated averages of each of the sun
blocking substances.
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 This study also suggests that depending on the amount of 
sunscreen used, UV ray protection increases or decreases, and 
that this principle applies to dandelion extract as well; the more 
substance applied to the UV ray sensitive papers, the more UV 
ray protection was granted. This conclusion was reached by 
comparing the results of a previous experiment on this top-
ic in which 0.6 ounces of each substance was used instead of 
the 2 mL used in this experiment since the amount of sun-
block recommended for use by experts is a mere nickel-sized 
amount and not 0.6 ounces.¹⁵,¹⁶ Companies and experts could 
keep this information in mind if they decide to develop a sun-
screen utilizing dandelion extract to avoid the harmful effects 
that today’s sunscreens have both on our health and that of 
our planet. They could use this information accordingly when 
recommending the quantity of their product that a consum-
er should use. It’s worth noting that the papers were left in 
a backyard and though great care was taken to find an area 
that would receive the same amount of sunlight throughout 
the time period, a tree or animal may have cast a shadow over 
the papers unbeknownst to the researcher.

To expand on this topic, perhaps a different brand of sun-
screen could be tested in comparison to the dandelion extract, 
and perhaps a study could be conducted on the effects of dan-
delion extract on coral and other forms of marine life; though 
it’s natural, it may still have adverse effects on the undersea 
environment, and this is definitely something that could be 
further explored in the future. In addition, sunscreens with 
a Sun Protection Factor of over 50 could be tested, such as 
one with SPF 100 that blocks 99% of UV rays, to get a more 
accurate perception of what percent of UV irradiation the 
dandelion extract blocks, and another study could be done in 
order to identify exactly what percentage of UV rays dande-
lion extract blocks. Through the findings obtained from this 
experiment that were further analyzed via ANOVA and t-test, 
it could be inferred that dandelion is a cleaner, healthier, and 
more efficient alternative to sunscreens, being that dandelion 
itself is natural, beneficial for human skin, and seems to possess 
superior UV ray protection compared to esteemed SPF 15, 30, 
and 50 Coppertone™ sunscreens, as seen in this study.
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