PHYS 19X

How do mosquito repellents work? A
chemistry expert explains

January 6 2025, by Daniel Eldridge
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It's summertime, and for many of us that means plenty of time
outside—and, unfortunately, mosquitoes.
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The combination of the increase in temperature and plenty of water is
ideal for these blood-sucking insects to make their presence felt.

In the best-case scenario, they are a pest, delivering a highly unpleasant
sting. At the other end of the spectrum, they are vectors for diseases

responsible for more human fatalities than any other animal on Earth.

To keep them at bay, many of us will reach for the bottle of insect
repellent or citronella candles in order to avoid the bite and incessant
itching that comes with it. But how do these repellents actually work?

A complex interplay

A great deal of research has gone into understanding how and why
female mosquitoes—they are the ones that bite us—are attracted to
people.

There is evidence showing they are attracted to the carbon dioxide we
exhale, lactic acid found in our sweat, and a variety of other skin odors
and volatile compounds we give off. The interplay between all these
factors is quite complex.

To ward off mosquitoes, physical barriers such as netting make for the
best protection. However, while you might put netting around a
backdoor patio and barbecue, doing this for any large space is simply not
practical.

This is where repellents come in.

DEETerrent

There are a variety of mosquito repellents available.

2/5


https://www.cdc.gov/global-health/impact/fighting-the-worlds-deadliest-animal.html
https://www.mcgill.ca/oss/article/health-technology/why-mosquitos-bite-you-and-how-make-them-stop
https://phys.org/tags/female+mosquitoes/
https://www.nih.gov/news-events/nih-research-matters/how-mosquitoes-detect-people
https://phys.org/tags/lactic+acid/
https://pubmed.ncbi.nlm.nih.gov/24315103/
https://pmc.ncbi.nlm.nih.gov/articles/PMC6482070/
https://pmc.ncbi.nlm.nih.gov/articles/PMC8906108/
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The most tried-and-true products are based on a substance called N,N-
diethyl-meta-toluamide, more commonly referred to as DEET.

This molecule has been commercially available since 1957, after the
United States military discovered it was an effective insect repellent.

DEET is often used as a point of comparison for studies investigating
alternatives. Studies show that, provided they are used according to
direction, DEET products are safe and effective.

For example, it is recommended that when required, sunscreen is applied
before the repellent. DEET products are not recommended for infants.

The exact mechanism by which DEET repels mosquitoes and other
insects is still explored today.

Many studies link its success to mosquitoes having receptors that sense
the presence of DEET, deterring them from closely approaching our
skin. Some investigations suggest that when DEET is detected, it inhibits

mosquitoes' attraction to us, while others show evidence that mosquitoes
"smell and avoid" DEET.

There are also numerous reports demonstrating mosquitoes don't bite
when they land on DEET-treated skin. This is because DEET acts as a
contact-based repellent and conveys a chemical message to mosquitoes
to leave. Studies suggest that DEET likely works through a combination
of the processes described here.

Effective alternatives

Another more recent family of mosquito-repellent products rely on an
active ingredient called picaridin (or icaridin).
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https://www.usda.gov/media/blog/2018/05/17/protecting-military-flying-foes
https://www.usda.gov/media/blog/2018/05/17/protecting-military-flying-foes
https://www.consumerreports.org/health/insect-repellent/how-safe-is-deet-insect-repellent-safety-a4952100929/
https://www.nejm.org/doi/full/10.1056/NEJMoa011699
https://scijournals.onlinelibrary.wiley.com/doi/full/10.1002/ps.5476?casa_token=prUg_pX7fjAAAAAA%3AuEKT5PGXWU1mO4fakwQ9NSEY-0uVYBEz25zWxXjMOp5AxX5UFWENJc1UF_JdsKA45x3sSHpmJSLJSwM
https://pmc.ncbi.nlm.nih.gov/articles/PMC4041896/
https://pmc.ncbi.nlm.nih.gov/articles/PMC9458079/
https://www.tandfonline.com/doi/full/10.1080/19336934.2015.1079360#d1e132
https://link.springer.com/article/10.1007/s13258-020-00991-z
https://pubmed.ncbi.nlm.nih.gov/18339904/
https://pubmed.ncbi.nlm.nih.gov/18339904/
https://pmc.ncbi.nlm.nih.gov/articles/PMC2518096/pdf/zpq13598.pdf
https://www.cell.com/current-biology/pdfExtended/S0960-9822(19)30402-6
https://www.tandfonline.com/doi/full/10.1080/19336934.2015.1079360
https://www.cell.com/current-biology/pdfExtended/S0960-9822(19)30402-6
https://phys.org/tags/active+ingredient/
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The current consensus is that picaridin products are safe, and highly
effective. For many, they are considered appealing as they don't have as
strong a scent as DEET.

Picaridin products have been reported to be equally effective as DEET,
or in some cases, even slightly superior, though the outcome depends on
their concentration too.

The other repellent regularly reported as being effective is para-
menthane-3,8-diol (PMD).

This 1s produced by chemical treatment of oil of lemon eucalyptus.

Untreated, this oil isn't effective at repelling mosquitoes. However,
several studies have shown that PMD is an effective mosquito repellent.

The ability of these repellents to deter mosquitoes is dose dependent.

In all cases, it's important that an appropriate dose is applied, with re-
application sometimes required to keep protection to a maximum. The
performance of these products varies according to many other variables
too, including the species of mosquito.

What about citronella?

Citronella products, including candles and topical formulations, are
popular choices for keeping mosquitoes away.

However, in systematic testing, these have been shown to be far less
effective than DEET.

Studies have also shown that citronella candles don't fend off mosquitoes
as much as you might like.
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https://www.sciencedirect.com/science/article/pii/S0190962207014673?casa_token=zzPMhkW9QtIAAAAA:Euk6hjWnuiem6OAq020Xv0Pu70K7LfN_siLGcK1DIyOZn-mbH7U9tKK115rAK0rYbWQ2oaMGfg#bib49
https://www.sciencedirect.com/science/article/pii/S0190962207014673?casa_token=zzPMhkW9QtIAAAAA:Euk6hjWnuiem6OAq020Xv0Pu70K7LfN_siLGcK1DIyOZn-mbH7U9tKK115rAK0rYbWQ2oaMGfg#bib49
https://pmc.ncbi.nlm.nih.gov/articles/PMC4270489/
https://academic.oup.com/jtm/article/25/suppl_1/S10/4990399
https://www.phrp.com.au/issues/december-2016-volume-26-issue-5/a-review-of-recommendations-on-the-safe-and-effective-use-of-topical-mosquito-repellents/
https://onlinelibrary.wiley.com/doi/10.1002/(SICI)1099-1573(199606)10:4%3C313::AID-PTR854%3E3.0.CO;2-O
https://journals.sagepub.com/doi/full/10.1016/j.wem.2015.11.007
https://pmc.ncbi.nlm.nih.gov/articles/PMC4270489/
https://academic.oup.com/jtm/article/25/suppl_1/S10/4990399
https://pmc.ncbi.nlm.nih.gov/articles/PMC4270489/
https://onlinelibrary.wiley.com/doi/10.1155/2015/361021
https://www.nejm.org/doi/full/10.1056/NEJMoa011699
https://www.nejm.org/doi/full/10.1056/NEJMoa011699
https://academic.oup.com/jinsectscience/article/17/1/24/2996380?login=false
https://pmc.ncbi.nlm.nih.gov/articles/PMC4617422/
https://pubmed.ncbi.nlm.nih.gov/8827606/

PHYS 19X

There are many other repellent products on the market.

Given the widespread interest in preventing mosquito bites, natural
remedies abound. It's important to recognize that natural isn't necessarily
more effective and it isn't necessarily safer.

In most reported studies, DEET and picaridin are reported as having the
greatest duration of protection (on the order of hours) and greatest effect
on the mosquitoes. They are more thoroughly tested than many
alternatives.

When others are tested, they are often found wanting.

One study described sound-based devices as being the repellent
equivalent of snake oil. And although repellent bracelets contain working
ingredients, they are largely ineffective in that form. This is because of
insufficient concentrations of the active ingredient being "emitted."

When it comes to preventing disease transmission via mosquitoes, the
benefits of the proven repellents far outweigh the risks.

This article is republished from The Conversation under a Creative
Commons license. Read the original article.
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