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ABSTRACT There have been many negative claims against essential oils, candles, and
Febreze in recent years. Due to this controversy, some scientists decided to test the effects of
these substances on earthworms. The worms would be placed in an exposure chamber with the
contaminant for 15, 30, and 45 minutes at a time. The scientists recorded the worm's burrowing
time and compared it to the burrowing time after being exposed to just air. It was found that
essential oils and candles had a statistically significant effect on the burrowing time of the
earthworms, while Febreze did not have a significant effect.

Introduction

Essential oils are concentrated hydrophobic liquid that has chemical compounds from
plants. Distillation turns the plant's benefits and smell into a liquid form. Many people use
essential oils to help their home smell nice. Essential oils are meant to reduce stress, treat
fungal infections, and help against insomnia®. The essential oils market peaked in 2017, with
9.7% revenue growth?2. As of 2020, that revenue growth is down to 1.68%.

Essential oils contain many plant based ingredients. This particular oil blend from Plant
Therapy includes basil oil, orange fruit extract, cypress leaf oil, clary sage oil, and other
varieties/ types of oil. Plant therapy claims to use 100% undiluted oils. On the SDF(safety data
sheet) for the Respir Aid Essential Oil Blend® the company does claim that the oil “Contains the
100% pure, undiluted essential oils of: Eucalyptus, Pine, Peppermint, Lavender, Spruce,
Cypress, Marjoram.”

Though many people love using essential oils because they are more natural, there are
still many skeptics because of side effects of using some oils that have been brought to light in

recent years. Essential oils are meant to be inhaled by a diffuser. The air is then breathed in
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through your respiratory system. Some people have reported coughing, choking, wheezing, and
shallow breathing* from inhaling these oils. It's no secret that consuming essential oils is toxic
and will cause serious health problems. Over recent years, children who use essential oils as a
natural remedy are at high risk for essential oil poisoning, even if they are not directly
consuming the oil®.

Candles are another commonly used air refresher that has faced controversy. A
candle is a block of wax with a central wick that you burn to produce light and sometimes a
scent. Candles have become very popular in the U.S, and as of 2017, 7 out of every 10
households use candles®.

As stated, the basic ingredients of a scented candle are wax, a wick, and oil. Of course
there are other ingredients put in the oil that is used to produce the desired scent. There are
many different waxes used such as palm wax, soy wax, and paraffin wax. Paraffin wax is the
least expensive, therefore the most popular used candle wax’. Paraffin wax doesn’t have any
additives in it, that’s why it's also known as straight wax.

Paraffin is a very controversial wax because many people don’t know how toxic it really
is. The reason it is so toxic is because paraffin is a byproduct of making gasoline®. Not many
people know that and do not check the candle label for their type of wax. Some candle

packaging doesn’t even tell the type of wax at all. Paraffin was is also not biodegradable,
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because it is also a byproduct of crude 0il®. Though many are very against paraffin wax for the
mentioned reasons, some believe it has no health damage at all. “The safety of paraffin wax
was supported by a study in the Journal of Regulatory Toxicology and Pharmacology that found
that scented paraffin candles do not pose any health risks when used under normal
conditions.”

As well as candles and essential oils, another very popular air freshener is Febreze.
Febreze is a liquid spray that is used to mask odors in rooms. Febreze is often scented with
artificial scent. As of 2020, approximately 250 million U.S citizens use air freshener sprays'’.

Febreze contains ingredients of emulsifiers, preservatives, and perfumes(from Febreze
SDS). Febreze is known to contain Benzaldehyde, which is a neurotoxin and has been linked to
lung, eyes, and skin irritation'?. Febreze includes other neurotoxins and immunotoxins such as
BHT, Methyl pyrrolidone, Butylphenyl methylpropion al, Linalool, and Limonene.

The most common known health effects of Febreze’s ingredients are skin, eye, and lung
irritation. Many find it concerning that Febreze and other fragrance fresheners are linked to lung
irritation when you are supposed to breathe them in. Longer term effects of febreze are
potentially asthma and hormone disruption®. There are claims that Febreze has caused illness

and deaths in pets'.

°"Is Paraffin Wax Sustainable? What You Should Know (+4 Alternatives)." 24 Aug. 2021,
https://citizensustainable.com/paraffin-wax-sustainable/. Accessed 16 Jan. 2022.

0 "Candles: What do they emit when lit? | Office for Science and Society." 25 Jun. 2021,
https://www.mcgill.ca/oss/article/student-contributors-you-asked-general-science/candles-what-do-they-
emit-when-lit. Accessed 16 Jan. 2022.

" "e U.S.: usage of air freshener sprays and deodorizers 2020 | Statista." 2 Jul. 2021,
https://www.statista.com/statistics/275362/us-households-usage-of-air-freshener-sprays-and-
deodorizers/. Accessed 16 Jan. 2022.

2"The Dangers of Febreze - EZ Breathe Home Ventilation System." 11 Aug. 2021,
https://ezbreathe.com/the-dangers-of-febreze/. Accessed 16 Jan. 2022.

137 Reasons Why You Shouldn't Use Febreze—Or Other Chemical Air ...." 18 Sep. 2013,
https://cvskinlabs.com/7-reasons-why-you-shouldnt-use-febreze-or-other-chemical-air-fresheners/.
Accessed 16 Jan. 2022.

4 "|s Febreze Safe to Use?." https://www.febreze.com/en-us/ingredients-safety/our-safety-
standards. Accessed 16 Jan. 2022.



https://pubmed.ncbi.nlm.nih.gov/24582651/
https://citizensustainable.com/paraffin-wax-sustainable/
https://www.mcgill.ca/oss/article/student-contributors-you-asked-general-science/candles-what-do-they-emit-when-lit
https://www.mcgill.ca/oss/article/student-contributors-you-asked-general-science/candles-what-do-they-emit-when-lit
https://www.statista.com/statistics/275362/us-households-usage-of-air-freshener-sprays-and-deodorizers/
https://www.statista.com/statistics/275362/us-households-usage-of-air-freshener-sprays-and-deodorizers/
https://ezbreathe.com/the-dangers-of-febreze/
https://cvskinlabs.com/7-reasons-why-you-shouldnt-use-febreze-or-other-chemical-air-fresheners/
https://www.febreze.com/en-us/ingredients-safety/our-safety-standards
https://www.febreze.com/en-us/ingredients-safety/our-safety-standards

Due to negative effects of essential oils, Febreze, and candles, some scientists decided
to test these contaminants on earthworms. Scientists chose to use earthworms because their
system functions very similar to a human’s interior system. Earthworms have a digestive system
that breaks down their food and turns it into nutrients for the blood to carry out into the body.
Earthworms are also more humane and more available to use than other organisms.

There are lots of debates on if these contaminants are harmful or not to our bodies. The
scientists' experiment will test how long it takes earthworms to burrow after being exposed to
either essential oils, candles, or febreze. From this experiment, scientists will be able to
conclude whether or not these contaminants are going to be actually harmful to the human
body.

If scientists expose earthworms to either essential oils, candles, or Febreze, then will it
have a negative effect on the worm’s burrowing time? Since many people have claimed these
contaminants to have harmful effects on living organisms the expectation is that these materials
will cause the burrowing time to take longer. After the experiment, the scientists actually found
that the contaminants did significantly alter the burrowing times of the worms, except for

Febreze.

Methods

Materials

12 adult redworms from Carolina Biological Supply

Lavender Febreze

Lavender Essential oils, 3 drops (Young Living)

Lavender tea candles, 6 (Shorties)

16 ounce solo cups, 8

Essential oil diffuser

Soil or dirt from school garden (have about 13 ounces for each burrowing chamber)
Power source for diffuser

Pipettes, 5

Burrowing chamber

Exposer chamber, 72 quarts



Distilled water for diffuser
Safety glasses

Foam tray

Clorox wipes

Spray bottle

Stopwatch and timer

To create the exposure chamber, the scientists used a plastic bin that held 72 quarts.
For the burrowing chamber, they took one 16 ounce solo cup and filled it about % full of moist
soil. When setting up the essential oil diffuser, fill it with the distilled water and three drops of the

lavender essential oil.

Procedure

Step one: Set up the exposure chamber by placing the prepared oil diffuser in the chamber.
Make sure to plug it in.

Step two: Place 3 earthworms inside a solo cup with about 3 sprays of water. Place that cup
inside the exposure chamber.

Step three: set a timer for 15 minutes. Make sure to record your observations.

Step 4: After 15 minutes, take the worms out of the exposure chamber and put them in the
burrowing chamber.

Step 5: Set a stopwatch and record the time when you can no longer see each worm.

Step 6: repeat steps 1-5, but keep the worms in the exposure chamber for 30 minutes.

Step 7: After you have repeated the steps 1-5 after 30 minutes of exposure, expose the worms
to the lavender essential oil for 45 minutes.

Step 8: After you've finished all the exposure times for the lavender essential oil, repeat steps 1-
7 but expose 3 different worms to the 6 lavender tea candles. Make sure to record each worm's

individual burrowing time.



Step 9: Once you have completed exposing the worms to 6 lavender tea candles for 15, 30, and
45 while recording their burrowing times, repeat steps 1-7 but expose three different worms to
lavender Febreze.

Step 10: Make sure to have recorded all 9 worms burrowing times.

Step 11: Expose 3, completely clean worms to air in a 16 ounce solo cup with 3 sprays of water
for 15 minutes in the exposure chamber.

Step 12: After 15 minutes, take out the worms and put them in the burrowing chamber.

Step 13: record the worms burrowing time with a stopwatch.

Step 14: Repeat steps 11-13 but expose the worms for 30 minutes, then 45 minutes.

The exposure chamber containing the diffuser and the worms being exposed.

Safety Concerns

Throughout the whole experiment, the scientists wore goggles and tied their hair back.
A more experienced scientist would light the candles when needed. When working with the
open flames of the 6 tea candles, the scientists pulled their sleeves back. After the experiments
were conducted, the scientists would wipe the work counters off with Clorox wipes to prevent
other experiments from contamination. The scientists would be sure to wash their hands after

every experiment/ contact with chemicals.



Results

In The United States alone, more than 70% of households use candles', 249.76 million
people use air fresheners'®, and the global essential oils market was valued at 18.6 billion
USD'". Since many people use these products, the scientists believed it would be important to
understand the effects these substances actually have on a human nervous system. .The
scientists choose to test and expose earthworms to these contaminants because an
earthworm’s muscular system is similar to a humans'®. The scientists believe that if they
expose earthworms to either essential oils, candles, or Febreze, then it will have a negative
effect on the worm’s burrowing time because many people have claimed these contaminants to
have harmful effects on living organisms.

For the experiment, the scientists used a 72 quart plastic bin as an exposure chamber.
They would take 3 worms and put them in a 16 ounce plastic cup with 3 sprays of water. Then
the scientists would place the cup with the worms in the exposure chamber with either 6
lavender tea candles, a diffuser with 3 drops of essential oils, or 3 seconds of spraying lavender
febreze. The scientists would then close the exposure chamber for either 15, 30, or 45 minutes
at a time. Once the worms were done being exposed to the contaminant, they would place the
three worms on top of soil in a cup (the burrowing chamber). The scientist would observe the
worm's behavior and movements as well as time each of their individual burrowing times. The

scientists would repeat this process, but for each different contaminant they would use a
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different set of 3 worms. Each set of worms was exposed to their contaminant for either 15, 30,

or 45 minute before being observed and burrowing.

Exposure for 15 minutes

B worm 1 B Worm 2 Worm 3;
400
w
2 300
[ ]
o
i
k]
£ 200
=
=
g 100
5 l.
=
1]
Air (contral) Essential Qils Candles Fehreze

contaminant

Exposure for 30 minutes

B worm1: B Worm 2 Worm 3:

400
0
= 300
[=]
o
=,
[ak}
£ 200
=
=
= 100
e
5 J—l
=)

U I

Air (contral) Essential Qils Candles Fehreze

contaminant



Exposure for 45 minutes
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Mmmkzs Statistics

All statistical analyses were conducted using QuickCalcs Graphpad Software. The “yes” or “no”
to if the data is statistically significant is measured by its t score. If the t score is less than one
the data is not statistically significant, which means the data did not vary enough for it to have a
noticeable effect on the earthworm's burrowing time. If the t score is greater than one, the data
is statistically significant and the contaminant most likely played some role in the time it took for

the earthworms to burrow.



15 minutes

Control vs Essential oils

Statistically significant?

NO

Control vs Candles MO
Control vs Febreze MO
30 minutes

Control vs Essential Qils YES
Control vs Candles YES
Control vs Febreze MO
45 minutes

Control vs Essential Qils YES
Control vs Candles YES
Control vs Febreze MO

The scientists found their results very interesting. In the chart, it shows that Febreze had
no statistically significant effect on the burrowing time of the earthworm. In fact, none of the
contaminants had a significant effect on the worms burrowing after the worms were exposed for
15 minutes. For exposure to essential oils for 30 and 45 minutes, that is when the worms took
their longest to burrow, except for Febreze. The scientists did a controlled experiment where the
worms were only exposed to air in the exposure chamber to be able to compare results. They
found that these contaminants did have some effect on slowing down the worms when
burrowing. When looking at all of the results, the scientists recognized a few outliers. For
example, the worms who were exposed to lavender scented candles for 30minutes had a
significantly shorter burrowing time than all other worms. It is seen that all categories of the
results that candles and essential oils had a statistically significant effect on the worm's
burrowing times. During the experiment where the scientists exposed worms to febreze for 30
minutes, it was noted that one worm took much longer to burrow than the others. This is very

strange, because that is approximately 210 more seconds of burrowing than the slowest febreze



worm exposed for 45 minutes. In all, the scientists noticed the pattern that essential oils had a
clear effect on the worm's burrowing time, while Febreze did not.

As well as statistically proven effects, there were many scientific observations made that
show the worm’s reactions to the contaminants directly after they were taken out of the
exposure chamber. The worms who were exposed to candles, as well as the worms exposed to
essential oils, were clumped together after being exposed for only 30 minutes. To add to the
observations from the exposure of the
worms to essential oils, it was noted that
after 45 minutes of exposure, the
earthworms were moving slower and
“seemed dazed.” Almost like they forgot
about their natural instinct to burrow. With
Febreze, after the worms were exposed

for 15 and 45 minutes, the worms were

reported to be jerking slightly, with slow

movement. While it is clear that most of the observations told of the worms burrowing slowly,
the worms who were exposed to lavender
candles for 30 minutes were said to have been
burrowing “abnormally fast,” as reflected in the
chart.

While the experiments were being
conducted, the scientists were aware of

possible conditions that could affect and harm

the accuracy of the results. One danger that
was observed during the experimenting with

candles, the lid of the exposure chamber would get very hot. The scientists did not want to risk



the top melting or heating up to a dangerous degree. So there was a decision made to crack the
top open so air could still flow, but not so much that the experiment is completely compromised.
The exposure chamber was never air-tight, so that was definitely a limiting factor to getting the
most accurate results. The exposure chamber could never be air-tight, just for the safety of the
worms.

The scientists also faced many environmental limiting factors such as space and the
order of which the experiments were able to be conducted. When the scientists were conducting
the experiments, they had a time limit. Due to that time limit, they were not able to do essential
oils one day, candles another, febreze the next day, and finally a controlled experiment to
compare. The contaminants were being used in the same exposure chamber with not much
time to air out. Residue from Febreze or essential oils could have potentially tainted the other
contaminants from being the only substance in the exposure chamber.

As explained, the scientists recognize the flaws in their experiment that probably harmed
the accuracy of the results. Next experiment with multiple contaminants, the scientists have
learned that they should use 3 different exposure chambers of the same material and size to

better ensure that the substance being tested is the only one.

Discussion

As stated, the scientists view that essential oils and candles had a significant effect on
the earthworm’s burrowing, while Febreze did not have a significant effect. To return to the
scientists original hypothesis, they stated that if they were to expose earthworms to essential
oils, candles, and Febreze, then those contaminants would have a clear effect on the worm's
burrowing time. From reviewing the results, they are seeing that their hypothesis was patrtially
correct because essential oils and candles had an effect on the worm's nervous system. The

scientists have chosen to accept their hypothesis for it is mostly correct that these substances



will have an effect on our systems. The scientists don’t know if they can be completely certain in
saying Febreze is still safe to use in homes.

They recognize the limitations in their experiment, and that just spraying the febreze in
the exposure chamber might not have given the worm the proper exposure to gain accurate
results. From the results, it is clear that essential oils and candles made the earthworms burrow
slower after exposure. Why did this occur? Most people use essential oils and candles to relax
and put them at ease. To be specific, the scientists tested with only lavender scented
substances. The scientists used the Lavender Essential Oil by Young Living, which contains a
key ingredient of linalool. Linalool has a “sedative effect’” on the body when it is used.
Connecting back to the fact that the worms burrowed slower shows that the linalool in the
essential oil was affecting the nervous system of the worms. This would also explain why the
scientists described the worms as being “dazed” after exposure.

This effect may not seem negative to many people. Isn’t the essential oil's job to relax
people? Though that is true, the effects the scientists are discussing are not just of the worms
being too relaxed to burrow. They are talking about how the worms are losing their natural
instinct to burrow and to do it fast. If earthworms are losing a sense that has been with them
since birth, then it is definitely not a good thing for the worms, and even humans, to be exposed
to. These essential oils seemed to be acting as sedatives to the worms because of the linalool.
Even though these worms were exposed for less than an hour, short term effects of sedatives
can cause sluggishness, disorientation, and lack of coordination?°. All of that connects back to
the slower burrowing times and the dazed movement of the worms. So, as explained, the

essential oils are not doing their job as to just be relaxing.

19 "evidence for sedative effects of the essential oil of lavender after ...."
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When reviewing the effects of candles on the worms, scientists had conflicting results.
For example, after 30 minutes of exposure to candles, the worms burrowed abnormally fast.
Even faster than the controlled experiment. The same brand and type of candles were used for
the whole experiment, so this led the scientists to trying to come up with a flaw in the
experiment. Was the lid of the exposure chamber too open? This wouldn’t be the case because
the lid was left partially open for all candle experiments for safety reasons. It was looked into by
the scientists to see if there were any previous studies or evidence of candles speeding up
movement and they weren’t able to find anything. This left the scientists with no specific
conclusion on why this outlier appeared.

The scientists believe that candles slowed down the worm's burrowing time for a similar
reason essential oils also slowed the worm's burrowing time. Both substances are used for
relaxation. Though these substances stimulate relaxation in different ways. Essential oils use
linalool, and candles use their smells. Scents from candles stimulate your limbic system, the
system that connects with behavioral and emotional responses?’. Again, many view this
relaxing slowing down effect of candles to be what they are there for. Though it is important to
remember that these candles made worms hazy on their instinct to burrow. The candles may
not have just made the worm's muscular system work slower, but the scent in the candle could
have contacted something in the brain or system that made the behavior of how to burrow
blurry. Worms do not have a limbic system, so it is most likely their muscular system was
contacted and the behavior of that system was slowed down.

Why didn’t Febreze have an effect? All the other substances did, so why not arguably
the most controversial one? The scientists were also very surprised to figure out Febreze had
no significant effect on how long it took the worms to burrow. The scientists simply believed this

was because the worms didn’t have a direct enough exposure. The design of the exposure
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anatomy/limbic-system. Accessed 22 Feb. 2022.
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chamber was that it was very wide, but not very tall. There were only a few inches from the top
of the cup and the top of the exposure chamber. The scientists think that the Febreze over time
was just stuck at the bottom of the exposure chamber and wasn’t getting into the cup. With
essential oils and the candles, there was constant circulation and flow of the contaminants so
they were able to be more direct in exposure with the worms. Febreze just didn’t have that
exposure it needed to have in order to convey accurate results.

Many people will be confused as to why society needs to care about the burrowing time
of worms. The truth is, worms don’t use essential oils, candles, or even Febreze. Though,
humans do use those things, and they use them a lot. According to Statista, as of 2020, 19.38
million people use essential oils, 49.63 million use candles, and 178.11 use an air freshener
spray??. When so many people use these substances the scientists tested, it is important to
know how these substances are going to affect the human body. No matter if it is negative or
positive, people should know and care about what they are allowing to enter their system. From
the results of this experiment, it is clear that essential oils and candles cause people to be at
risk of unwanted slowed behavior, dissociation, and other possible effects.

To further this investigation, the scientists would make the necessary changes and
precautions to make this experiment more controlled and accurate. With the more accurate
results, the scientists would be able to dive deeper into exact effects and changes contaminants
like essential oils, candles, and Febreze have on the body systems. Do different amounts of the
contaminant matter? Does the brand change results? Do different scents have different effects?
All are potential questions that further experimentation and exploration will help to answer, and

help to bring better conclusion into what is good for the body and what is not.
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