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About the Guide

Teacher’s Guide editors William Bleam, Donald McKinney, Ronald Tempest, and Erica K. Jacobsen created the Teacher’s Guide article material. E-mail: bbleam@verizon.net
Susan Cooper prepared the anticipation and reading guides. 

Patrice Pages, ChemMatters editor, coordinated production and prepared the Microsoft Word and PDF versions of the Teacher’s Guide. E-mail: chemmatters@acs.org
Articles from past issues of ChemMatters can be accessed from a DVD that is available from the American Chemical Society for $42. The DVD contains 30 years of ChemMatters—all ChemMatters issues from February 1983 to April 2013. 
The ChemMatters DVD also includes an Index—by titles, authors and keywords—that covers all issues from February 1983 to April 2013, and all Teacher’s Guides, from their inception in 1990 to April 2013.

The ChemMatters DVD can be purchased by calling 1-800-227-5558.

Purchase information can be found online at www.acs.org/chemmatters.
Student Questions
(for “(Under)Arm Yourself with Chemistry!”)

1. Write the name and the chemical formula of the compound responsible for the smell in human sweat.
2. According to the article, how are perfumes and deodorants alike? How are they different?

3. Name two chemicals that were used originally in deodorants.

4. In the answer to the previous question, what do the two substances have in common?
5. Why is formaldehyde no longer used in deodorants?
6. How does zinc oxide kill bacteria?
7. What’s the difference between deodorants and antiperspirants?

8. What group of compounds do almost all antiperspirants contain?

9. Name the two different types of sweat glands in your underarms.

10. What role do solvents play in a successful underarm deodorant?

11. How do natural “deodorant crystals” work?

Answers to Student Questions
(for “(Under)Arm Yourself with Chemistry!”)

1. Write the name and the chemical formula of the compound responsible for the smell in human sweat.

The compound responsible for the smell in human sweat is trans-3-methyl-2-hexenoic acid and its chemical formula is C7H12O2.
2. According to the article, how are perfumes and deodorants alike? How are they different?

According to the article, perfumes and deodorants are alike in that the goal in using them is to eliminate (or at least hide) body odor. They are different in that perfumes merely cover up the odor, while deodorants actually kill the bacteria responsible for the odor.

3. Name two chemicals that were used originally in deodorants.

The article mentions that baking soda and formaldehyde were used originally in deodorants.
4. In the answer to the previous question, what do the two substances have in common?

The common property that baking soda and formaldehyde have is that they both kill bacteria.
5. Why is formaldehyde no longer used in deodorants?

Studies have shown that formaldehyde is toxic and can cause cancer.

6. How does zinc oxide kill bacteria?

Zinc oxide does not kill bacteria by itself, “…but, similar to baking soda, it neutralizes the fatty acid microbial waste products responsible for body odor. 

7. What’s the difference between deodorants and antiperspirants?

Deodorants kill the bacteria that cause body odor, while antiperspirants block the pores through which sweat passes, thus preventing sweating and maintaining a dry environment in which bacteria cannot thrive.
8. What group of compounds do almost all antiperspirants contain? How do these compounds work?
Most antiperspirants contain aluminum-based compounds. Aluminum compounds form aluminum ions (Al3+) in solution. These ions plug your sweat ducts so that you don’t perspire.
9. Name the two different types of sweat glands in your underarms.

The two types of sweat glands in underarms are eccrine glands and apocrine glands.
10. What role do solvents play in a successful underarm deodorant?

Most of the actual active ingredients of deodorants are solids, so they must be dissolved or suspended in liquids or gels to allow them to be applied easily. The solvents must evaporate easily so that they don’t leave a wet or greasy feeling and to leave behind the solid ingredient that actually deodorizes the armpit.
11. How do natural “deodorant crystals” work?

Natural “deodorant crystals” contain alum. When rubbed on damp skin, the alum on the surface of the crystal dissolves and is spread across the skin, leaving behind a slightly acidic solution that creates a hostile environment for bacteria.
Anticipation Guide

Anticipation guides help engage students by activating prior knowledge and stimulating student interest before reading. If class time permits, discuss students’ responses to each statement before reading each article. As they read, students should look for evidence supporting or refuting their initial responses.
Directions:  Before reading, in the first column, write “A” or “D,” indicating your agreement or disagreement with each statement.  As you read, compare your opinions with information from the article. In the space under each statement, cite information from the article that supports or refutes your original ideas.

	Me
	Text
	Statement

	
	
	1. Human sweat is odorless.

	
	
	2. Our underarms are mostly bacteria-free.

	
	
	3. Deodorants work only if they have perfume added.

	
	
	4. Deodorants were invented in the 20th century.

	
	
	5. Baking soda can act as a deodorant because of its chemical properties.

	
	
	6. There is no difference between deodorants and antiperspirants. 

	
	
	7. The solvents used in deodorants and antiperspirants have a high boiling point.

	
	
	8. A type of alum crystal used for deodorant for hundreds of years works as a natural antiseptic.

	
	
	9. So far, there is no scientific evidence linking deodorant or antiperspirant use with cancer.

	
	
	10. There is only one kind of sweat gland in our armpits.


Reading Strategies  
These graphic organizers are provided to help students locate and analyze information from the articles. Student understanding will be enhanced when they explore and evaluate the information themselves, with input from the teacher if students are struggling. Encourage students to use their own words and avoid copying entire sentences from the articles. The use of bullets helps them do this. If you use these reading strategies to evaluate student performance, you may want to develop a grading rubric such as the one below.

	Score
	Description
	Evidence

	4
	Excellent
	Complete; details provided; demonstrates deep understanding.

	3
	Good
	Complete; few details provided; demonstrates some understanding.

	2
	Fair
	Incomplete; few details provided; some misconceptions evident.

	1
	Poor
	Very incomplete; no details provided; many misconceptions evident.

	0
	Not acceptable
	So incomplete that no judgment can be made about student understanding


Teaching Strategies: 

1. Links to Common Core Standards for writing: Ask students to revise one of the articles in this issue to explain the information to a person who has not taken chemistry. Students should provide evidence from the article or other references to support their position.

2. Vocabulary that is reinforced in this issue:

· Solvent

· Amphoteric compounds

· Semiconductor

· Structural formulas 

· Polymerization

3. To help students engage with the text, ask students which article engaged them most and why, or what questions they still have about the articles.

Directions:  As you read the article, complete the graphic organizer below comparing deodorants and antiperspirants.
	
	Deodorants
	Antiperspirants

	Early history
	
	

	How they work on your body
	
	

	Chemicals involved
	
	


Background Information
(teacher information)
More on deodorant
The U.S. Food and Drug Administration (FDA) classifies and regulates most deodorants as cosmetics, but it classifies antiperspirants as over-the-counter drugs. This might seem strange, since both are concerned with keeping us smelling good, but they do so in distinctly different ways. FDA’s “Food, Drug and Cosmetic (FD&C) Act” of 2003 legally defines products by their intended uses. This helps to explain why deodorants are considered cosmetics, while antiperspirants are considered drugs:

What kinds of products are “cosmetics” under the law?

The FD&C Act defines cosmetics by their intended use, as "articles intended to be rubbed, poured, sprinkled, or sprayed on, introduced into, or otherwise applied to the human body...for cleansing, beautifying, promoting attractiveness, or altering the appearance" (FD&C Act, sec. 201(i)). Among the products included in this definition are skin moisturizers, perfumes, lipsticks, fingernail polishes, eye and facial makeup, cleansing shampoos, permanent waves, hair colors, and deodorants, as well as any substance intended for use as a component of a cosmetic product. It does not include soap. ...

But, if the product is intended for a therapeutic use, such as treating or preventing disease, or to affect the structure or function of the body, it’s a drug (FD&C Act, 201(g)), or in some cases a medical device (FD&C Act, 201(h)), even if it affects the appearance. Other “personal care products” may be regulated as dietary supplements or as consumer products. To learn more, see “Is It a Cosmetic, a Drug, or Both? (Or Is It Soap?)” and “Cosmetics Q&A: Personal Care Products.”
(http://www.fda.gov/Cosmetics/GuidanceComplianceRegulatoryInformation/ucm074162.htm)


Considering that antiperspirants are designed to reduce or stop sweat from being secreted from the body, these products “affect the structure or function of the body”, and so the FDA sees them as drugs and not merely as cosmetics.

Here’s an “FYI”, in case you’re interested: in April 2008 Julia Roberts admitted to Oprah Winfrey on the Earth Day Episode of Oprah’s daily television talk show that she doesn’t use deodorant. (I didn’t think you would be.)

More on “natural” deodorant

Many online “stores” sell “natural” deodorants that contain no aluminum (which, if they did, technically would make them antiperspirants, not deodorants). At least they advertise that they contain no aluminum. Reality is somewhat different. The passage below from the online site hyperhidrosis.com contains several questionable, if not outright incorrect statements.

What is a natural deodorant? 

Natural deodorants are an environment-friendly answer to the problem of body order [sic]. In most natural deodorants ammonium alum is the chief ingredient. It is an organic compound abundantly found in nature and it encourages bacterio-static action reducing bacterial growth. Since alum molecules weigh almost 36 times more than water it is impossible for our skin to absorb them physically.
You can obtain these natural deodorants in the form of crystallized rock but they are also available in spray and roll-on forms. 

Natural deodorants are strictly free of toxic components such as alcohol and aluminum. 
Benefits of natural deodorants
· Several studies in applied toxicology have found links between breast cancer in women and chemical ingredients used as preservatives in some synthetic deodorants. But alum the chief ingredient of natural deodorants is an organic element and its molecules are too large to permeate through the skin

· They address the problem of odors by hindering the process of bacterial growth without blocking the pores on the skin and without interfering with the process of cooling the body through perspiration

· Tests have confirmed their hypoallergenic nature

(http://www.hyperhidrosisweb.com/natural-deodorants.html)
“Since alum molecules weigh almost 36 times more than water it is impossible for our skin to absorb them physically.” This statement is very misleading. While the molecule of alum may be 36 times more massive than water, the entire molecule doesn’t have to be absorbed by the skin—only be the aluminum ion, which is obviously the same size as an aluminum ion from any of the other “non-natural” aluminum compounds in other antiperspirants, which are absorbed by the skin.

“Natural deodorants are strictly free of toxic components such as alcohol and aluminum.” This statement is obviously untrue, since we know alum contains aluminum.
“They address the problem of odors by hindering the process of bacterial growth without blocking the pores on the skin and without interfering with the process of cooling the body through perspiration.” Here, again, aluminum ions will block sweat pores, whether they come from aluminum chlorohydrate or alum.

This is a statement about natural deodorants from Livestrong.com:
Deodorant manufacturers often use aluminum because it blocks the pores that produce sweat. If you have sensitive skin or are easily irritated by chemicals, you might experience problems with this type of deodorant. Aluminum-free deodorants are sometimes referred to as organic deodorants or natural deodorants. Products labeled as natural or organic should contain only natural materials. Crystal Deodorant, an alternative to aluminum-based deodorants, uses alum. Alum works the same way as aluminum but won't irritate the skin. You may prefer using a product with mineral salts or minerals. 
Stone deodorants use all-natural ingredients that block the pores and keep the body from sweating. [not sure what these ingredients are …]
(http://www.livestrong.com/article/254360-the-best-deodorants-with-no-aluminum/)

Here are two examples of “natural” deodorants for sale online, along with their claims: 
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Natural Crystal Deodorant Spray for Him 
“Crystal Deodorant, a Chemical Free Deodorant that is an Aluminum Free Deodorant for Men with Organic Ingredients and Without Preservatives”
Reasons Why You Should Use this Aluminum Free Deodorant for Men

1)
This is an aluminum free deodorant for men comprised of the earth’s mineral crystal combined with natural botanicals. Aluminum in antiperspirant prevents you from sweating and may pose danger to your health. Most people think that they need to block the sweat to prevent odor however all you need is a neutralizer; 
2)
Effectively works with the safe potassium alum molecules which are large size particles and therefore do not absorb like the aluminum molecules; 
3)
It neutralizes strong body odor without blocking your sweat glands … 
Ingredients:

Purified water (pure water), herbal blend (gluten free vodka (organic), bilberry leaf (organic), thyme (organic), sage (organic), calendula (organic), burdock (organic)), crystal of potassium alum (natural earth mineral), lavender (organic), sweet orange (organic), bay leaf blend (Jamaican rum (naturally brewed), bay leaf (organic)), cedarwood (organic), lemongrass (organic), olive oil (organic), ylang ylang (organic), cinnamon (organic). 
(http://www.herbalchoicemari.com/hcm/crystal-deodorant.html)
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Crystal Body Deodorant

Natural Science: Understanding Mineral Salts

Mineral salts are present in the water we drink, in almost all the foods we eat, and in the air we breathe. At the foundation of Crystal deodorant is natural mineral salt called 'Alum'.
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Aluminum is the third most abundant element in nature, after oxygen and silicon. It has been part of our environment since the beginning of time and is one of the basic building blocks of our universe.
Mineral salts (Alum) should not be confused with Aluminum Chlorohydrate or Aluminum Zirconium which plug the pores so as to stop perspiration.
Ingredients: Natural Mineral Salts (Ammonium Alum)
(http://www.thecrystal.com/crystal_insights.cfm)

The problem with these claims is that these types of “deodorants” still contain aluminum and are really antiperspirants. It’s hidden (but not very secretively) there in the word “alum”. Alum is actually one of several compounds, potassium aluminum sulfate (potassium alum) or ammonium aluminum sulfate (ammonium alum), that contain aluminum. So, these “natural” deodorants, above, still act as antiperspirants, blocking sweat pores and preventing the body from eliminating “toxins” via sweating.

And, according to many scientists, alum in deodorants/antiperspirants is just as bad as all the other “non-organic” or ”non-natural” aluminum compounds that occur in most commercial antiperspirants. 

Some of the most popular natural deodorants are the “crystal” deodorant stones and sprays. But most people don’t know that these crystal deodorant products contain aluminum. The crystal deodorant stones are made from alum. The most widely used form of alum used in the personal care industry is potassium alum. The full chemical name of potassium alum is potassium aluminum sulfate. Let’s get this straight. Even though aluminum is widely distributed in the earth’s crust, it is NOT needed in ANY amounts in your body. 
All evidence to date points to aluminum as a poison that serves no beneficial role in your body and should be avoided. Aluminum is widely recognized as a neurotoxin, which has been found in increased concentrations in the brains of people with Alzheimer’s disease. Unfortunately, if you use antiperspirants or some deodorants, you are most likely exposing yourself to aluminum. Aluminum salts can account for 25 percent of the volume of some antiperspirants. A review of the common sources of aluminum exposure for humans found that antiperspirant use can significantly increase the amount of aluminum absorbed by your body. According to the review, after a single underarm application of antiperspirant, about .012 percent of the aluminum may be absorbed. Multiply this by one or more times a day for a lifetime and you can have a massive exposure to aluminum — a poison that is not meant to be in your body. Antiperspirants work by clogging, closing, or blocking the pores that release sweat under your arms — with the active ingredient being aluminum. Not only does this block one of your body’s routes for detoxification (releasing toxins via your underarm sweat), but it raises concerns about where these metals are going once you roll them (or spray them) on.” 
And this, from the same site:

Regarding purportedly safe ‘alum’ based antiperspirants found in most health food stores [deodorant crystals], the companies that produce these claim that the mineral salts are too large to be absorbed and thus provide no danger. However, we have been unable to uncover any solid evidence that supports this claim so it would seem prudent to avoid using them.

(http://articles.mercola.com/sites/articles/archive/2010/02/16/aluminum-lurks-in-crystal-deodorants.aspx)

More on sweating, sweat glands and armpit chemistry

Sweating—producing fluids secreted by sweat glands in the skin—is a natural function of the human body. Its purpose is to cool the body (thermoregulate) by evaporation of sweat, primarily water, brought to the skin’s surface through surface pores in the skin. As the sweat evaporates from the body, it takes some of the heat from the skin with it. This cools the skin, and blood vessels in contact with that skin also cool, allowing the blood inside to cool. This venous blood then returns to the body’s core and reduces core body temperature.

Sweat glands are most abundant on our palms, forehead, armpits and the soles of our feet. There are more than 2.5 million eccrine sweat glands all over the body

Your skin has two main types of sweat glands: eccrine glands and apocrine glands. Eccrine glands occur over most of your body and open directly onto the surface of the skin. Apocrine glands develop in areas abundant in hair follicles, such as your armpits and groin, and they empty into the hair follicle just before it opens onto the skin surface.
When your body temperature rises, your eccrine glands secrete fluid onto the surface of your skin, where it cools your body as it evaporates. This fluid is composed mainly of water and salt.

Apocrine glands, on the other hand, produce a milky fluid that most commonly is secreted when you're under emotional stress. This fluid is odorless until it combines with bacteria found normally on your skin.

(http://www.mayoclinic.org/diseases-conditions/sweating-and-body-odor/basics/definition/CON-20014438?p=1&DSECTION=all)
It is estimated that between one and three per cent of the general population suffer from hyperhidrosis—excessive sweating. For these people, if extra-strength antiperspirants don’t work, stronger methods must be used—including electric current, Botox and finally, surgery, for really extreme cases. Recent research into new ways to keep underarms dry in people with hyperhidrosis has shown that microwaves can also be used to do just that. This comes from the National Library of Medicine National Institutes of Health Web site: 

The miraDry® system is a novel microwave energy device that can be used to treat axillary hyperhidrosis through selective heating of the lower layer of skin, where the eccrine and apocrine glands are located. Patient satisfaction with the procedure is high, and adverse events are typically transient and well tolerated. This system provides a durable, noninvasive alternative therapeutic modality for patients with this common and frustrating problem.

(http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3489040/)

This short passage describes a bit of the chemistry going on in the molecules produced in our sweat glands, including discussion of the bacteria responsible for the odoriferous changes.
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Most deodorants use the right strategy: their ingredients curb the growth of bacteria. Speedstick, for example, uses propylene glycol, soap (sodium stearate), salt and stearyl alcohol. Some more innovative deodorants include pleasant-smelling molecules similar in shape to the organic acids so that they compete for spots on nasal receptors. Unfortunately for women, their discriminating noses aren't as easily fooled as those of men. Other additives in some preparations attempt to block active sites on enzymes that bacteria use to generate the offensive smells.”

(http://www.science20.com/chemical_education/monsters_armpits-97756)
More on body odor

In the table below, researchers list the offensive organic molecules responsible for body odor:

[image: image3]
In the table above, the odor-causing molecules are listed along with their precursors, as well as the bacteria and enzymes responsible for transforming these precursors into fetid fumes.
The sulfur-containing molecules (panel A) are the worst, giving armpits their characteristic nauseating, onion-like smell. In panel B, 3-hydroxy-3-methylhexanoic acid has a cumin spice-like odor, while 3-methyl-2-hexenoic acid has been described as hircine, which means "of or characteristic of a goat." (So, when somebody tells you, "Take a shower because you smell like a goat," they are being quite scientific in their description.) Panel C depicts two possible pheromones, androstenol, which is musky, and androstenone, the smell of which differs depending on whom you ask. Isovaleric acid (panel D) has a cheesy, sweaty foot smell, as does propionic acid (panel E). Acetic acid is vinegar.

(Berezow, Alex: “Which Molecules Make Our Armpits Stink?” http://www.realclearscience.com/journal_club/2013/06/17/which_molecules_make_our_armpits_stink_106563.html)

More on sweat content and trans-3-methyl-2-hexenoic acid

Many chemicals are present in odoriferous human sweat. Professor Dorothy Kimbrough of the University of Colorado-Denver provides a list of just a few of the chemicals responsible for armpit and foot odors. “The smelliest are butanedione, isovaleric acid [3-methylbutanoic acid], 4-ethyloctanoic acid, 5-androst-16-en-3-one, and 5-androst-16-en-3-ol. Butanedione smells ‘cheese-like’, and isovaleric acid has a sweaty odor (big surprise there!). The smells of the last two have been described as resembling stale urine and goats, respectively.”
(Kimbrough, D. R. How We Smell and Why We Stink. ChemMatters Dec 2001, 19 (4), pp 8-11)
Notice that trans-3-methyl-2-hexenoic acid (TMHA) is not included in this list. TMHA was established as the primary chemical responsible for armpit odor in 1990 by Dr. George Preti and his team of researchers at the Monell Chemical Senses Center in Philadelphia, PA.

	trans-3-Methyl-2-hexenoic acid

	



	IUPAC name
(E)-3-Methylhex-2-enoic acid


	Properties

	Molecular formula
	C7H12O2

	Molar mass
	128.17 g mol−1

	Density
	0.97 g/cm3

	Melting point
	−3.4 °C; 25.9 °F; 269.8 K

	Boiling point
	225.2 °C; 437.4 °F; 498.3 K


(http://en.wikipedia.org/wiki/Trans-3-methyl-2-hexenoic_acid)
From work with schizophrenic patients in the early 1970s, health care workers noted that these patients had a particular body odor. Research done by chemists determined that TMHA was secreted by these patients. Up to that time, secretion of TMHA by “normal” people was undetected. Studies were then performed to establish if this might be a way to identify people with schizophrenia and possibly arrive at a cause for this condition. 

A study completed in1973 determined that this was not the case. This biochemical study determined that TMHA was a product of schizophrenic and non-schizophrenic people alike. So the cause of schizophrenia remained a mystery at that time. And it was not established at this time that TMHA is the primary chemical associated with/responsible for body odor. (That happened in 1990.) The complete report of this study can be found here: http://www.jlr.org/content/14/4/495.full.pdf.

More on differences in odors between Asians and Caucasians


It has long been noted that many Asians tend to exhibit less body odor than those of European descent.

East Asians (Chinese, Koreans, and Japanese) have fewer apocrine sweat glands compared to people of other descent, and the lack of these glands make East Asians less prone to body odor. The reduction in body odor and sweating may be due to adaptation to colder climates by their ancient Northeast Asian ancestors. The ABCC11 gene is known to determine axillary body odor, but also the type of earwax. Most of the population secrete the wet-type earwax, however, East Asians are genetically predisposed for the allele that codes the dry-type earwax, associated with a reduction in axillary body odor.... The non-functional ABCC11 allele is predominant amongst East Asians (80–95%), but very low in other ancestral groups (0–3%). It affects apocrine sweat glands by reducing secretion of odorous molecules and its precursors. It is also associated with a strongly reduced/atrophic size of apocrine sweat glands and a decreased protein (such as ASOB2) concentration in axillary sweat. 

(http://en.m.wikipedia.org/wiki/Body_odor)


But this is not the end of the story. More recent research has discovered some conflicting evidence.

A 2006 study by Japanese scientists seems to dispute the claim of the lack of body odor among Asians. From studies done in the 1980s and ‘90s, scientists believed that armpit odor came from volatile steroids (androstenol, androstenone, and androstandienone), which have musky and urinary odors, and isovaleric acid, having an acidic odor. In the 1990s further research showed these odors were caused by linear saturated and linear unsaturated, and branched saturated and branched unsaturated C6–C11 fatty acids, particularly trans-3-methyl-2-hexenoic acid (IUPAC name: (E)-3-Methylhex-2-enoic acid, or E3M2H for short). So this is the compound researched in this study, “Individual Comparisons of the Levels of (E)-3-Methyl-2-Hexenoic Acid, an Axillary Odor–Related Compound, in Japanese [people].” 

“The (E)-3-methyl-2-hexenoic acid (E3M2H), an axillary odor–related compound, is known to occur in Caucasians. The aims of this study were to clarify whether E3M2H contributes to axillary odor in Asians and to quantify and compare individual levels of E3M2H.” The study, published in the journal Chemical Senses published by Oxford University Press, involved 30 Japanese subjects, 21 males and 9 females. 

After synthesizing pure trans-3-methyl-2-hexenoic acid (E3M2H) and analyzing it via gas chromatography/mass spectroscopy (GC/MS)—just to prove it could be synthesized and detected—the researchers collected axillary (armpit) sweat from several subjects which they then used as baseline data. They hydrolyzed the compound and extracted it via solid phase extraction processes. They then used this material in the GC/MS to test sweat for E3M2H. The mass spectrograph obtained and the structural formula of the standard E3M2H follows:
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Figure 2 

Mass spectrum of synthesized E3M2H-spiked blank sweat

The mass spectrograph of the subject with the highest amount of E3M2H is shown below. Note the striking similarities to the synthesized compound, assuring identification of the same compound in both tests.




Figure 4 

Mass spectrum of E3M2H detected in axillary sweat of a Japanese subject (number 30).


The results of their study showed that 13 of the 30 subjects (“about half”) had produced detectable amounts of E3M2H, while six of the subjects had quantifiable amounts (determined to be greater than 5.0 nmol/mL). Interestingly, none of the nine females had detectable amounts of the odor-producer. (It has been shown in other studies that females typically have very low levels of E3M2H, if any.)


Here is a synopsis of the results of the study in the words of the researchers:

The results showed that the spiked E3M2H in sweat was extracted selectively at a high recovery rate by … solid-phase extraction…. We succeeded in the quantitative analysis of E3M2H from axillary sweat collected individually. E3M2H could be detected in nanomole quantities in axillary sweat. 

In the present study, it has been demonstrated that E3M2H, which is known to be an axillary odor–related compound in Caucasians, was also detected in the axillary sweat of Asians. In addition, our method succeeded in the quantitative analysis of E3M2H from axillary sweat collected individually. E3M2H might contribute to axillary malodor in Asians as well as Caucasians. 

The entire report, including the figures above, can be found here: http://chemse.oxfordjournals.org/content/31/6/557.full.

More on amphoteric compounds
A substance that is amphoteric is able to act as both acid and base. Many metals (e.g., aluminum, beryllium, lead, tin and zinc) form amphoteric oxides or hydroxides.

With regard to Brønsted-Lowry acid-base theory, amphoteric compounds are those that can either donate a proton (acid) or accept a proton (base). Amphiprotic compounds like proteins and amino acids that contain both amines and organic acid group components can either donate or accept protons. So, too, can multi-protic mineral acids, like sulfuric, carbonic and phosphoric acids. Their intermediate acid ions (after they’ve lost one proton) are amphiprotic—they can either donate a second proton to become more basic, or accept a proton to return to their original acid state. Baking soda’s bicarbonate (hydrogen carbonate) ion is a prime example, as it can either accept a proton to become carbonic acid or donate a proton to become the carbonate ion.

With regard to Lewis acid-base theory, amphoteric compounds are those that can accept an electron-pair (acid) or donate an electron-pair (base). While all the examples listed in the paragraph above regarding Brønsted-Lowry acids and bases are also examples of Lewis amphoteric compounds, others, such as the metal oxides and hydroxides mentioned above. Aluminum oxide, for example, can react with acid or base to produce different complex ions: 

with acid: Al2O3  +  3 H2O  +  6 H3O+  →  2 [Al(H2O)6]3+
with base: Al2O3  +  3 H2O  +  2 OH-  →  2 [Al(OH)4]-

Even aluminum hydroxide, obviously a base, can be amphoteric:

as a base (neutralizing an acid): Al(OH)3  +  3 HCl  →  AlCl3  +  3 H2O

as an acid (neutralizing a base): Al(OH)3  +  NaOH  →  Na[Al(OH)4]
Transition metals are typically Lewis acids, accepting electron pairs from base donors, e.g.,

in acid: ZnO  +  2H+  →  Zn2+  +  H2O

in base: ZnO  +  H2O  +  2 OH–  →  [Zn(OH)4]2–
(equations above from http://en.wikipedia.org/wiki/Amphoteric)
In the case where zinc oxide reacts in acid, the oxide itself is the Lewis base, donating electron pairs to the hydrogen ions. Where zinc oxide reacts with base, the zinc ion is the Lewis acid, accepting electron pairs from the hydroxide ions to form the complex [tetrahydroxozincate(II)] ion.

Thus, both baking soda (with HCO3– ions), a Bronsted-Lowry acid/base, and zinc oxide, a Lewis acid/base, are amphoteric and can react with smelly microbial waste products in armpits, whether they’re acidic or basic.

More on ingredients of commercial deodorants/antiperspirants

The ingredients in the various deodorants and antiperspirants in the Axe product line were not readily available on the Axe.com Web site, but the LiveStrong Web site, http://www.livestrong.com/article/129200-axe-deodorant-ingredients/, provides this information:

“Axe deodorants are made with different fragrances and the invisible types have more ingredients. Otherwise, you'll find one active ingredient plus seven additional ingredients in all of the Axe Dry solid antiperspirants and deodorants.” The active ingredient is aluminum zirconium tetrachlorohydrex gly, and the seven additional ingredients are cyclopentasiloxane, PPG-14 butyl ether, stearyl alcohol, PEG-8 distearate, hydrogenated castor oil, talc, and BHT. The site provides a bit of information about the role of each ingredient.
Ingredients in Old Spice deodorants were readily available on its Web site at the click of an “Ingredients” tab, found on each different type of deodorant/antiperspirant they manufacture (http://oldspice.com/en-US/products/). Examples include: 

· Pure Sport High Endurance Deodorant: Dipropylene Glycol , Water , Propylene Glycol , Sodium Stearate , Fragrance , PPG-3 Myristyl Ether , Tetrasodium EDTA , Violet 2 , Green 6

· Pure Sport High Endurance Antiperspirant and Deodorant: Aluminum Zirconium Tetrachlorohydrex Gly (17% anhydrous) Cyclopentasiloxane, Stearyl Alcohol, Phenyl Trimethicone, Hydrogenated Castor Oil, PEG 8 Distearate, Fragrance, Mineral Oil, Silica, Behenyl Alcohol

· Old Spice Classic Deodorant: Alcohol Denatured, Propylene Glycol, Water, Sodium Stearate, Fragrance, Yellow 10, Green 5
· Old Spice Classic Anti-perspirant and Deodorant: Aluminum Zirconium Tetrachlorohydrex Gly (16%), Cyclopentasiloxane, Stearyl Alcohol, Talc, Dimethicone, Hydrogenated Castor Oil, Fragrance (Parfum), Polyethylene, Silica, Dipropylene Glycol, Behenyl Alcohol

Note the presence of aluminum zirconium tetrachlorohydrex gly in each of the antiperspirants, and its absence in the deodorants.

The information in the following paragraph is the answer to this FAQ (frequently asked question) from secret.com about Secret antiperspirant: “How do Secret antiperspirants help prevent underarm odor and wetness?”
Since perspiration in the underarms doesn't readily evaporate, a feeling of wetness results and bacteria thrive in that wetness, creating underarm odor. Secret works by slowing the flow of perspiration to the surface of the skin. It does so by being pH (measure of alkalinity) balanced. When the active ingredient in Secret comes in contact with your perspiration, it dissolves into the sweat ducts. As you continue to perspire, the perspiration makes the pH of the solution rise. When the solution reaches a high enough pH, the active ingredient forms superficial plugs in those sweat ducts, reducing the flow of perspiration to keep you feeling dry. Thus, Secret protects you from underarm wetness (antiperspirant) and also helps prevent underarm odor (deodorant).
(http://secret.com/deodorant-facts)
Although no mention is made that the ingredient is an aluminum-containing compound, at least the response is honest about how the active ingredient works. 
The table below shows various aluminum compounds—the active ingredients in antiperspirants—along with their formulas, selected antiperspirants containing them, and their relative ability to stop sweat.

Active Ingredients in Antiperspirants and Their Relative Effectiveness

	Aluminum-containing Active Ingredient

	Found in These Antiperspirants
	Properties of 
Active Ingredient

	Aluminum Zirconium Tetrachlorohydrex Gly

(CAS 134910-86-4)

Al4Zr(OH)12Cl4•Glyx•nH2O

Al3.6Zr(OH)11.6Cl3.2•xH2O•Glycine

	Adidas, Dove, 
Lady Speed Stick
	Mildest, safest of the aluminum ompounds

	Aluminum Zirconium Octachlorohydrex Gly

(CAS 90604-80-1)

AlyZr(OH)3y+4-xClxmGly·nH2O
Al8Zr(OH)20Cl8•xH2O•Glycine

	Dry Idea, 
Secret Outlast, Miracle Dry OTC
	A bit stronger than AZTG

	Aluminum Zirconium Trichlorohydrex Gly

(CAS 134375-99-8)

AlyZr(OH)(3y+4-x)Clx• mGly•nH2O

Al3.3Zr(OH)11.3Cl2.6•xH2O•Glycine


	Degree, 
Secret, 
Sure
	Stronger than AZOG

	Aluminum Sesquichlorohydrate

(CAS 11097-68-0, 173763-15-0)

Aly(OH)3y-zClz•nH2O

	Almay, 
Mitchum
	Strong drying, good for extra-strong antiperspirants

	Aluminum Chlorohydrate

(CAS 12042-91-0)

Al2(OH)nCl6-n•xH2O

Al2(OH)5Cl•xH2O

	Arrid XX, Ban, 
Soft & Dry, Suave
	Stronger than AS, not as strong as AlCl3, recommended for hyperhidrosis

	Aluminum Chloride

(CAS 7446-70-0)

AlCl3

	Drysol, DryDerm, Certain Dri
	Strongest, good for hyperhidrosis, 
can be irritating


(adapted from http://chem.answers.com/compounds/aluminum-compounds-in-antiperspirant-deodorant)

(some formulas from http://www.yotech.com/prod1_e2.html#06, http://novawavesoftware.com/info13/aluminum-zirconium-trichlorohydrex.html
and http://www.newdruginfo.com/pharmacopeia/usp28/v28230/usp28nf23s0_m2285.htm)


And WebMD.com provides this information about the inactive ingredients found in antiperspirants “… you need to combat excessive sweating and feel fresh all day.”

Parabens. These preservatives help keep cosmetic products free of bacteria. However, several small studies found traces of parabens in breast cancer tumors, suggesting that they may have weak estrogen-like effects if absorbed through the skin. But the study didn't find that parabens caused breast cancer, or that the parabens were from antiperspirants.
Most major brands of antiperspirants are paraben-free these days, though the preservative is still found in some products such as makeup, moisturizers, shaving products, and hair products. If you'd prefer to avoid parabens, check your antiperspirant's ingredients list for words ending in "-paraben," such as methylparaben or propylparaben.

Fragrance. Perfumes are often used in antiperspirants and antiperspirant-deodorant combos to mask body odor. Plus, studies suggest we associate pleasant fragrances with feelings of cleanliness.

Emollient oil. Without some sort of moisturizer like castor, mineral, or sunflower oil mixed into antiperspirant ingredients, the product wouldn't roll or glide on smoothly. These emollients also keep the product from flaking once it dries on your skin.

Alcohol. Aluminum compounds and other active antiperspirant ingredients are often dissolved in alcohol because it dries quickly and feels cool when applied to skin. Alcohol is typically found in roll-ons and aerosols, as well as some gels.

PEG Distearates. Polyethylene glycol (PEG) distearates are emulsifying agents found in many cosmetic products including antiperspirants. This antiperspirant ingredient makes it easier to wash off the product.

Butylated hydroxytoluene (BHT). BHT prevents or slows the deterioration of antiperspirant ingredients once they're exposed to oxygen.

Talcum powder. Absorbs moisture and oil, protects the skin by reducing underarm friction and chaffing, and helps skin feel dry.

(http://www.webmd.com/skin-problems-and-treatments/antiperspirant-ingredients)

More on parabens

The December 2012 ChemMatters article “Mascara: That Lush Look You Love” provides background information on parabens.

Parabens are preservatives that keep mascara—and other cosmetics—free of molds and microbes. But parabens have been found in breast cancer tumors, and they can slightly mimic estrogen, a hormone that plays a role in breast cancer. As a result, many cosmetic manufacturers have removed parabens from their products. 

Parabens are esters of para-hydroxybenzoic acid (HCOOC6H4OH), which is why they are called parabens (Fig. 1). An ester is a compound with the structure RCOOR’, where R and R’ are carbon chains. In the case of parabens, R’ is C6H4OH. Parabens include various compounds, which differ by their R group (Fig. 2).



(a)



(b)
Figure 1. Chemical structures of (a) para-hydroxybenzoic acid 
and (b) paraben
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Figure 2. Chemical structures of (a) methyl-, (b) ethyl-, (c) propyl-, and 
(d) butyl-parabens

Synthetic parabens have long been the favorite preservative in mascara, because they resist molds and bacteria and are considered safe in foods and drugs. But some studies have found that parabens may cause cancer and hormonal imbalance. However, no direct connection between the occurrence of cancer and hormonal imbalance and any one cosmetic or cosmetic ingredient has been established.
(Haines, G. Mascara: That Lush Look You Love. ChemMatters 2012, 30 (4), pp 15–16)
This section, also from the December 2012 ChemMatters Teacher’s Guide, discusses parabens as related to mascara, but the information also pertains to the use of parabens in underarm deodorants. The U.S. Food and Drug Administration, the federal agency that has jurisdiction over cosmetic products like mascara, issued this statement about parabens:

What are parabens? Parabens are the most widely used preservatives in cosmetic products. Chemically, parabens are esters of p-hydroxybenzoic acid. The most common parabens used in cosmetic products are methylparaben, propylparaben, and butylparaben. Typically, more than one paraben is used in a product, and they are often used in combination with other types of preservatives to provide preservation against a broad range of microorganisms. The use of mixtures of parabens allows the use of lower levels while increasing preservative activity. 

Why are preservatives used in cosmetics? Preservatives may be used in cosmetics to protect them against microbial growth, both to protect consumers and to maintain product integrity. 

What kinds of products contain parabens? They are used in a wide variety of cosmetics, as well as foods and drugs. Cosmetics that may contain parabens include makeup, moisturizers, hair care products, and shaving products, among others. Most major brands of deodorants and antiperspirants do not currently contain parabens. Cosmetics sold on a retail basis to consumers are required by law to declare ingredients on the label. This is important information for consumers who want to determine whether a product contains an ingredient they wish to avoid. Parabens are usually easy to identify by name, such as methylparaben, propylparaben, butylparaben, or benzylparaben. …

Are there health risks associated with the use of parabens in cosmetics? The Cosmetic Ingredient Review (CIR) reviewed the safety of methylparaben, propylparaben, and butylparaben in 1984 and concluded they were safe for use. … On November 14, 2003, the CIR began the process to reopen the safety assessments of methylparaben, ethylparaben, propylparaben, and butylparaben in order to offer interested parties an opportunity to submit new data for consideration.… In December 2005… the Panel determined that there was no need to change its original conclusion that parabens are safe as used in cosmetics. …
A study published in 2004 (Darbre, in the Journal of Applied Toxicology) detected parabens in breast tumors. The study also discussed this information in the context of the weak estrogen-like properties of parabens and the influence of estrogen on breast cancer. However, the study left several questions unanswered. For example, the study did not show that parabens cause cancer, or that they are harmful in any way, and the study did not look at possible paraben levels in normal tissue. FDA is aware that estrogenic activity in the body is associated with certain forms of breast cancer. Although parabens can act similarly to estrogen, they have been shown to have much less estrogenic activity than the body’s naturally occurring estrogen. For example, a 1998 study (Routledge et al., in Toxicology and Applied Pharmacology) found that the most potent paraben tested in the study, butylparaben, showed from 10,000- to 100,000-fold less activity than naturally occurring estradiol (a form of estrogen). Further, parabens are used at very low levels in cosmetics. In a review of the estrogenic activity of parabens, (Golden et al., in Critical Reviews in Toxicology, 2005) the author concluded that based on maximum daily exposure estimates, it was implausible that parabens could increase the risk associated with exposure to estrogenic chemicals. FDA believes that at the present time there is no reason for consumers to be concerned about the use of cosmetics containing parabens. However, the agency will continue to evaluate new data in this area. If FDA determines that a health hazard exists, the agency will advise the industry and the public, and will consider its legal options under the authority of the FD&C Act in protecting the health and welfare of consumers.

[http://www.fda.gov/cosmetics/productandingredientsafety/selectedcosmeticingredients/ucm128042.htm]

(December 2012 ChemMatters Teacher’s Guide accompanying “Mascara: That Lush Look You Love”, pp 79–81)

More on triclosan

Here are the structural formula, the name and the space-filling model for triclosan:








5-chloro-2-(2,4-dichlorophenoxy)phenol

Triclosan’s IUPAC name is 2,4,4'-trichloro-2'-hydroxy-diphenyl ether.

And here are some physical and chemical properties for the compound:

	Properties

	Molecular formula
	C12H7Cl3O2

	Molar mass
	289.54 g mol−1

	Appearance
	White solid

	Density
	1.49 g/cm3

	Melting point
	55-57 °C

	Boiling point
	120 °C; 248 oF; 393 K


http://en.wikipedia.org/wiki/Triclosan
The following excerpt from the October 2002 ChemMatters article, “Antibacterials—Fighting Infection Where it Lives,” discusses the role of triclosan, as well as alcohols, in hand sanitizers.
Beyond soap and water, there are new products available for keeping our hands as free of unwanted germs as possible. Bacteria-killing products—currently marketed as antibacterials—for hand sanitizing come in two main categories: those containing ingredients like alcohols, which kill bacteria upon contact, and those containing ingredients like triclosan or triclocarban, which leave a bacteria-killing residue on the hands to prevent recontamination for several hours. Thus, both kill bacteria, while differing in the way they act.

Products like alcohol-based gels do not require water to rinse off the product, making them especially convenient when water is not around. … Ethyl alcohol (CH3CH2OH) is the most common active ingredient in hand sanitizer gels, killing bacteria by blasting open their cell walls. However, the bacteria-killing action stops when the alcohol evaporates from your hands.

For consumer antibacterial soaps, the most common active ingredients are triclosan and triclocarban. One of the ways in which these chemicals kill bacteria is by inhibiting an enzyme needed for growth. As an added advantage, triclosan remains on the skin to kill bacteria for four to six hours.

(Baxter, R. Antibacterials—Fighting Infection Where it Lives. ChemMatters 2002, 20 (3), p 11)
Triclosan is just one of many, many chemicals—primarily unused, unwanted, and outdated pharmaceuticals—that find their way into our waterways via their being dumped down sink drains and toilets. Many of these substances exit wastewater treatment plants relatively unscathed, while others are reacted, adsorbed and otherwise trapped in sludge produced at the plant. The effect of compounds like triclosan in our drinking (and cooking, bathing, etc.) water remains unknown, although it is under study. The ecological ramification of a product is especially worrisome when it is ubiquitous in consumer products, as is the case with triclosan.
You may be surprised by the number of products that contain the antibacterial agent triclosan (Fig. 1), a chemical that slows bacterial growth (antibacterial soaps); prevents dental disease (toothpaste); controls growth of odor-causing bacteria (socks); prevents bacterial degradation (baby pacifiers); and acts as a preservative (cosmetics [including deodorants]).

 (a) 



        (b)





      


Triclosan 


         Dioxin

Figure 1. Chemical structures of (a) triclosan and (b) dioxin 
(or 2,3,7,8-tetrachlorodibenzodioxin)
[(source: Wikipedia)]
Even in low concentrations, triclosan increases thyroid production of hormones that control development of the body, brain, and immune system. When it gets into wastewater, only 4% is removed at the treatment plant, leaving the rest to impact our aquatic environment. In water exposed to sunlight, 1–12% of triclosan converts into extremely toxic dioxins.


[image: image17]
Figure 2. Chemical structures of two functional groups: 
(a) ether and (b) phenyl
[Source: Wikipedia]

Both contain ether (oxygen atom bonded between two carbon atoms) and phenyl (benzene ring) functional groups. As predicted by its structure, triclosan is only slightly soluble in water (.012g/L at 20 °C) but is fat-soluble, so it accumulates in human body fat.

The use of antibacterial cleaners also impacts the environment. In a 2008 study by the Centers for Disease Control and Prevention (CDC), triclosan was found in the urine of 75% of the population. The American Medical Association advises against household use, and the Environmental Protection Agency plans a triclosan review in 2013.

(Sitzman, B. and Goode, R. “Open for Discussion”: Hand Sanitizers, Soaps and Antibacterial Agents: The Dirt on Getting Clean. ChemMatters 2011, 29 (4), p 5)

This abbreviated table of solubilities of triclosan in various solvents supports the claim in the excerpt above that triclosan has very low solubility in water and aqueous solutions, but very high solubility in various organic solvents. Thus, it is soluble in body fat and once it gets into our system is likely to accumulate there.

	Solvent
	Solubility at 
25 °C
(g Triclosan/ 100 g solvent)

	Distilled water (20 °C)
	0.001

	Distilled water (50 °C)
	0.004

	1 N caustic soda
	31.7

	1 N sodium carbonate
	0.40

	1 N ammonium hydroxide
	0.30

	Triethanolamine
	>100

	Acetone
	>100

	Ethanol 70% or 95%
	>100

	Isopropanol
	>100

	Propylene glycol
	>100

	Polyethylene glycol
	>100

	Dipropylene glycol
	~40

	Glycerine
	0.15

	n-Hexane
	8.5

	Olive oil
	~60

	Castor oil
	~90


(http://copublications.greenfacts.org/en/triclosan/figtableboxes/table-3.htm)

More on cyclomethicone

Cyclomethicone is a cyclic siloxane with this repeat unit: [–(CH3)2SiO–]n. Different cyclomethicones exist, depending on the number “n”. The subscript “n” can be 4, 5 or 6. Cyclomethicone 5RS has the structure to the right.

The IUPAC name for cyclomethicone 5RS is 2,2,4,4,6,6,8,8,10,10-decamethyl-1,3,5,7,9,2,4,6,8,10-pentaoxapentasilecane. Its molecular formula is C10H30O5Si5.
Cyclomethicone is used as a base solvent to blend with fragrance oils and perfume oils. Cyclomethicone is a clear, odorless silicone. It leaves a silky-smooth feel when sprayed on the skin. Ideal for body sprays, lotions creams, bath salts, hair care, linen sprays, etc. Cyclomethicone stays completely blended and crystal clear without shaking. 
Cyclomethicones are unmodified silicones that possess a cyclical structure rather than the chain structures of dimethyl silicones. Low heat of vaporization and the ability to select a desired vapor pressure has led their use as cosmetic vehicles. Unmodified silicones stay on or near the surface of the skin. Not only are the molecules too big to physically enter past the upper living cells, they associate with the upper layer of drying skin but they also cannot penetrate cell membranes due to their large size. 

Cyclomethicones evaporate quickly after helping to carry oils into the top layer of epidermis. From there, they may be absorbed by the skin. Cyclomethicones perform a similar function in hair care products by helping nutrients enter the hair shaft. 
(http://www.3dchem.com/molecules.asp?ID=315#) 

More on antiperspirants

As described above, antiperspirants differ from deodorants in that they contain aluminum compounds like aluminum chlorohydrate, with the goal to reduce or eliminate underarm sweating.

Antiperspirants … do a double duty of killing bacteria while constricting and blocking your sweat glands. Most antiperspirants contain aluminum and/or zirconium salts, which form an insoluble hydroxide gel for blocking sweat pores.

AlCl3•6H2O  +  H2O  (  Alx(OH)y•nH2O  +  other salts

Aluminum 

   Insoluble
chlorohydrate

hydroxide gel

The metal salts also act as astringents, substances that shrink pores, allowing less perspiration to flow. Actually salts of most of the metals in the periodic table would work well as antiperspirants. Unfortunately, many would be so toxic that there would be few customers coming back for more!
(Kimbrough, D. R. How We Smell and Why We Stink. ChemMatters December, 2001, 19 (4), pp 8–11)

Aluminum chlorohydrate can be synthesized either from aluminum metal or from compounds of aluminum, such as aluminum hydroxide.

Aluminium chlorohydrate can be commercially manufactured by reacting aluminium with hydrochloric acid. A number of aluminium-containing raw materials can be used, including aluminium metal, alumina trihydrate, aluminium chloride, aluminium sulfate and combinations of these. The products can contain by-product salts, such as sodium/calcium/magnesium chloride or sulfate.

Because of the explosion hazard related to hydrogen produced by the reaction of aluminium metal with hydrochloric acid, the most common industrial practice is to prepare a solution of aluminium chlorohydrate (ACH) by reacting aluminium hydroxide with hydrochloric acid. The ACH product is reacted with aluminium ingots at 100 °C using steam in an open mixing tank. 
(http://en.wikipedia.org/wiki/Aluminium_chlorohydrate)

HCl  +  2 Al(OH)3  (  Al2Cl(OH)5  +  H2O

More on aluminum and Alzheimer’s disease
Internet rumors abound about a cause-and-effect relationship between aluminum in the human body (enhanced by exposure to aluminum from antiperspirants) and the development of Alzheimer’s disease. Initial scientific research hinted that such a relationship might exist. Further scientific studies done since then do not support this belief. This clarifying information comes from the Alzheimer’s Society of the U.K.

Aluminium [Aluminum] – Very low levels of many metals are present in the brain. Aluminium is a toxic metal that is common in our everyday environment. Small amounts of it are found in water and food. Although initial studies linked aluminium toxicity with Alzheimer's disease, the link has not been proven despite continuing investigation. Importantly, there is no evidence to suggest that aluminium exposure increases your risk of dementia.

Current medical and scientific opinion of the relevant research indicates that the findings do not convincingly demonstrate a causal relationship between aluminium and Alzheimer's disease. Therefore no useful medical or public health recommendations can be made at present.

(http://alzheimers.org.uk/site/scripts/documents_info.php?documentID=102)
More on aluminum and breast cancer
Similar misinformation keeps resurfacing on the Internet regarding the relationship between aluminum in the body and the development of breast cancer. This relationship also has to-date not been supported by scientific research. The National Cancer Institute Fact Sheet on the topic offers clarification. Their key findings: 

· There is no conclusive research linking the use of underarm antiperspirants or deodorants and the subsequent development of breast cancer.

· Research studies of underarm antiperspirants or deodorants and breast cancer have been completed and provide conflicting results. 
You can read the complete fact sheet, which provides information about the clinical studies that have been done and the results of those studies at http://www.cancer.gov/cancertopics/factsheet/Risk/AP-Deo.
“Some speculate that the myth [re: aluminum causing breast cancer] could have been started by women being told not to wear antiperspirants or deodorants before a mammogram. They were told this, not for safety reasons, but because residue from these products appearing in the X-ray is often mistaken for an abnormality in the breast.” (http://permanent.access.gpo.gov/lps1609/www.fda.gov/fdac/features/2005/405_sweat.html)
Connections to Chemistry Concepts 
(for correlation to course curriculum)
1. Organic chemistry: nomenclature and structure—trans-3-methyl-2-hexenoic acid is a great excuse to bring in IUPAC nomenclature to your advanced chemistry classroom; see if students can create the structure (on paper or with models) and match it to the formula given in the article.
2. Inorganic nomenclature—Students could work to figure out the formula of aluminum zirconium tetrachlorohydrate from its name, or vice versa; this is a good place to bring in more complex inorganic structures and their formulas.

3. Acid-base chemistry—Aluminum compounds like AlCl3 are acidic salts, while ZnO, like other metal oxides, is a basic anhydride. Both acidic salts and metal oxides react with water to produce the acid or base, respectively.

4. Amphoterism—Baking soda is amphoteric, as are many aluminum compounds. This allows these compounds to react with both acids and bases.
5. Secondary bonding—Low boiling points, low heats of vaporization and high rates of evaporation all reflect weak intermolecular forces holding the deodorant’s solvent molecules together.

6. Chemicals in the environment—Parabens and aluminum salts are examples of chemicals we use on a daily basis that could affect our health, although no direct evidence has been found linking these chemicals in particular to our health problems.
Possible Student Misconceptions 
(to aid teacher in addressing misconceptions)
1. “Boy, sometimes sweat can really stink!” Actually, no, sweat doesn’t stink. It’s not the sweat, it’s the bacteria that feed on chemicals in sweat and then excrete foul-smelling compounds that cause the odors associated with sweat.
2. “Deodorants and antiperspirants are different names for the same thing.” While both deodorants and antiperspirants have the same goal—to stop underarm odor—they do it in very different ways, as pointed out in the article. Deodorants use either organic or inorganic antiseptics that kill the bacteria that cause body odor, while antiperspirants contain aluminum salts that dissociate into aluminum ions that are drawn into cells containing sweat glands, and they drag water in with them. The cells swell, effectively blocking the sweat ducts so sweat can’t be secreted. No sweat, no food and moisture for the bacteria. 
3. “Antiperspirants containing aluminum compounds are responsible for Alzheimer’s disease.” One study showed elevated levels of aluminum in the brains of patients with Alzheimer’s, but further studies have not corroborated that finding. And even if aluminum were related to Alzheimer’s disease, we typically are exposed to much larger concentrations and amounts of aluminum from aluminum cans and cookware than we get from antiperspirants.
4. “Washing with hot water alone will kill the germs that cause body odor.” Actually, bacteria CAN be killed with hot water, but the temperature of that hot water would have to be much higher than humans can tolerate. We’re able to stand temperatures as high as 
110 oF for short periods of time, but that’s about it. Most bacteria thrive in temperatures around body temperature (obviously) and slightly above, and most of them aren’t adversely affected until their temperatures reach 140 oF [60 oC] or higher, dependent upon the type of bacteria (e.g., to kill food-borne pathogens, the USDA recommends that beef be cooked to a minimum of 140 oF [60 oC], and for chicken, 160 oF [71 oC]). And some bacteria called thermophiles (“heat-loving”) actually thrive at high temperatures between 120 oF [50 oC] and 180 oF [80 oC]. And extreme thermophiles (hyperthermophiles) can thrive in temperatures between 180 oF [80 oC] and 220 oF [105 oC] (e.g., bacteria found in deep sea hydrothermal vents and hot springs like those in Yellowstone National Park). (Note that we are not likely to encounter hyperthermophiles in our everyday lives.)
5. “Antiperspirants cause toxic waste products to build up in our bodies because they clog our underarm pores, allowing the toxins from our lymph nodes to build up.” Actually, the pores that the antiperspirants clog up originate from our sweat glands, not our lymph glands. Sweat glands are near the surface of our skin, while lymph nodes are deeper. Also, although a few toxins may be removed from our bodies via our lymph nodes, they are not the cancer-causing type, and those toxins do not pass through the sweat ducts anyway. Most toxins are removed by the kidneys or liver and are excreted through our urine or feces. The only build-up that might result from blocked sweat pores is heat; since we can’t sweat, we can’t regulate our body temperature efficiently.
Anticipating Student Questions 
(answers to questions students might ask in class)
1. “Does everybody’s sweat smell bad?” Actually, no. Two percent of European people do not have “BO”, and most Asian people do not exhibit BO. Many of the 2% of Europeans that do not have body odor still use deodorants. See “More on body odor” in the “Background Information” section above.
2. “Can’t doctors just laser the pores shut that are connected to the sweat glands in the armpits so they are permanently closed? That way we couldn’t sweat there and bacteria wouldn’t make us smell bad.” While this may be possible, it may not be desirable to have all the sweat glands closed up. We rely on perspiration as a means of thermal regulation, and if the armpit sweat glands are closed off, we may not be able to sweat enough to cool us down when active. This could result in heat stroke or other temperature-related conditions.
3. “So, are ‘deodorant crystals’ relatively safer to use than commercial antiperspirants?” That is not an easy question to answer. First, commercial antiperspirants, containing aluminum zirconium tetrachlorohydrate are deemed safe by the FDA, as no studies have shown a cause-and-effect relationship between these antiperspirants and any known disease. Second, both commercial antiperspirants and deodorant crystals contain aluminum, so the relative safety of these is in question. They are sold as “natural” deodorants and, as such, people are more likely to accept their relative safety, despite a lack of evidence. The aluminum components in both commercial and “natural” deodorants dissolve, so they both produce aluminum ions, which are responsible for pore-blockage.
In-class Activities 
(lesson ideas, including labs & demonstrations)
1. Sweat is readily visualized by a topical indicator such as iodinated starch (the Minor test) or sodium alizarin sulfonate, both of which undergo a dramatic color change when moistened by sweat. (http://en.wikipedia.org/wiki/Hyperhidrosis)
Minor’s iodine-starch test for axillary hyperhidrosis (excessive armpit sweating) is shown here: http://emedicine.medscape.com/article/1296530-workup#a0721. This test uses the old iodine-starch blue complex ion as the indicator of sweat. Note that this is not suggested as a student activity, as such, but rather as a visual that could be used in class to show how researchers test for hyperhidrosis.
2. After talking with students in class about alum as one of the major ingredients in antiperspirants, you could have them do a lab activity to make alum. One such experiment can be found on the 30-year ChemMatters DVD. The October 1990 ChemMatters Classroom Guide describes in detail how to make alum from an aluminum soda can, potassium hydroxide and sulfuric acid. Safety precautions MUST be followed.

And Flinn Scientific offers this free “Chem-Fax!” with a list of ways of making the synthesis-of-alum lab more inquiry-based: http://www.flinnsci.com/media/962081/cf11205.pdf. They also offer for sale an AP Chemistry Kit, “Analysis of Aluminum Potassium Sulfate—AP Chemistry Classic Laboratory Kit.”

3. Individual students or teams of students can collect deodorant samples and test them for ability to kill germs, ability to cover other odors and other properties identified by students. This can be an excellent opportunity for students to design an experiment, record and organize data and draw conclusions based on this data. This activity can also be done outside of class.

4. There are myriad blogs and advertisements on the World Wide Web that tout specific “aluminum-free” deodorants, and even “chemical-free” deodorants. While some of these may really contain only “natural” ingredients, many are talking about deodorant crystals, which contain alum. Realizing that these “natural” alum or “deodorant crystals” actually contain aluminum compounds, students could investigate the claims of some of these ads. Some come from reputable organizations. Several examples are listed here:

http://www.herbalchoicemari.com/hcm/crystal-deodorant.html
http://www.livestrong.com/article/254360-the-best-deodorants-with-no-aluminum/
http://www.sweatology.net/armpit-sweating/deodorant-without-aluminum/ (This one contains myriad misconceptions.)

5. The author of the article mentions that “[A]s predicted by its structure, triclosan is only slightly soluble in water… but is fat-soluble…”, but she gives no explanation of the chemistry behind statement. You can use the structural formula for triclosan and list of its solubility in various solvents from this table, http://copublications.greenfacts.org/en/triclosan/figtableboxes/table-3.htm, to ask students to relate solubility to molecular structure and explain why triclosan has its characteristic solubilities in polar and nonpolar solvents.
Out-of-class Activities and Projects 
(student research, class projects)
1. Students can research the contents of commercial deodorants (see “More on ingredients of commercial deodorants/antiperspirants”, above) and analyze the list of ingredients for toxicity. They can compare typical commercial products to those advertised to be “chemical free”. Here’s a Web site to begin their search: http://www.achooallergy.com/article-toxic-chemicals.asp. (Note that information contained on this type of Web site must be evaluated and validated—and that the site sells its own brand of deodorant crystal, which isn’t obvious until you’ve read all the way through the article.)

2. Deodorants “work” by killing the bacteria that result in the production of offensive odors. Students might design an experiment to test the effectiveness of different commercial deodorants at killing bacterial grown in Petri dishes. Be certain to read their experimental design carefully with regard to safety considerations and scientific validity. (from December 2001 ChemMatters Teacher’s Guide)

3. Labels on personal products such as deodorants, soaps, and shampoos contain lists of chemical compounds. Using reference books like the Merck Index, students can research each listed compound. They can find out its chemical structure and its properties, and finally, suggest its role in the optimal functioning of the product. (adapted from December 2001 ChemMatters Teacher’s Guide)

4. Students might cooperate in researching historical benchmarks in the development of germ theory. Individuals who played major roles include Joseph Lister, Louis Pasteur, John Snow, and Robert Koch. They could then relate this history to the history and timeline of deodorants provided in the article (and beyond). Oral presentations enhanced by PowerPoint and posters can complete the group research. (adapted from October 2002 ChemMatters Teacher’s Guide)
5. You might want students to evaluate information re: deodorants. Some seemingly reputable Internet sites provide information that may not be entirely correct. You could direct students to the “Armpit Odor Treatment” section of this Web site to investigate some of their statements (several are incorrect, misleading, or based on unsubstantiated information): http://www.allhealthsite.com/armpit-odor-causes-and-treatment.html.
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Web Sites for Additional Information 
(Web-based information sources)
More Web sites on deodorants and antiperspirants
C&E News, from the American Chemical Society publishes a series of articles “What’s That Stuff?” that provide a full-page of information about common household products. This one describes “Deodorants and Antiperspirants”: http://cen.acs.org/articles/90/i27/Deodorants-Antiperspirants.html.
This site provides a lot of information about sweating, hyperhidrosis, deodorants and antiperspirants: http://anti-perspirant.info/.

This somewhat comedic 1:12 video clip “Enjoy the Ride—Chemical Free Deodorant” touts the benefits of using Crystal Rock Deodorant. (http://www.youtube.com/watch?feature=player_embedded&v=_Du5mKuhs5g)

Dr. Lani Simpson stars on this 3:35 video “How to Make a Safe Chemical-Free Deodorant” using baking soda and rubbing alcohol. She also discusses the possible (but as yet unsubstantiated) relationship between commercial deodorants and breast cancer. To be fair, she mentions a few “natural ingredients” that also have been related to breast cancer. (http://www.youtube.com/watch?feature=player_embedded&v=cNjOzrsLUYI)

The “Skin Deep” page from the Experimental Working Group’s Web site http://www.ewg.org/skindeep/browse.php?category=antiperspirant%3B%3Bdeodorant&&showmore=products&start=950 compares almost 1000 different commercial deodorants and antiperspirants and ranks them according to their scoring system (which isn’t obvious).

This page from the Federal Food & Drug Administration (FDA) lists the upper limits of various aluminum-containing compounds as the active ingredient in antiperspirants: http://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfcfr/CFRSearch.cfm?fr=350.10&SearchTerm=antiperspirants.

More Web sites on sweat and sweating

This is one of the selected references listed in the article: http://www.smithsonianmag.com/history-archaeology/How-Advertisers-Convinced-Americans-They-Smelled-Bad-164779646.html. It provides a more detailed history of deodorant in society.

In the July-August 2005 FDA Consumer Awareness magazine, the article “Antiperspirant Awareness: It's Mostly No Sweat” discusses why we sweat, what antiperspirants do, the role of the FDA in regulating antiperspirants, hyperhidrosis, and “the cancer myth”: http://permanent.access.gpo.gov/lps1609/www.fda.gov/fdac/features/2005/405_sweat.html.

Here is basic information on sweating from Wikipedia: http://en.wikipedia.org/wiki/Perspiration.

Here is a one-minute video clip discussing eccrine and apocrine sweat glands in the body: http://www.nlm.nih.gov/medlineplus/ency/anatomyvideos/000127.htm.

This page from the Mayo Clinic Web site has a 4-slide interactive presentation that shows a microscopic view of the skin and sweat glands and how they help keep us cool: http://www.mayoclinic.org/diseases-conditions/sweating-and-body-odor/basics/causes/con-20014438.


This site from Wikipedia discusses body odor, at length: http://en.m.wikipedia.org/wiki/Body_odor.

More Web sites on triclosan

The Wikipedia page on triclosan provides the usual in-depth coverage of the topic: http://en.wikipedia.org/wiki/Triclosan.
This pdf document from the U.K., “The Fate and Removal of Triclosan During Wastewater Treatment” discusses how triclosan gets into wastewater and what happens to it as it passes through the wastewater treatment plant. (http://www.wef.org/WorkArea/linkit.aspx?LinkIdentifier=id&ItemID=2618)

This article from WebMD discusses the report of an FDA Advisory Panel that was tasked with studying the effectiveness of antibacterial soaps—many, if not most, of which contain triclosan. They found no advantage to using antibacterials over regular soap. (http://www.webmd.com/news/20051020/fda-panel-no-advantage-to-antibacterial-soap)

“Environmental Exposure of Aquatic and Terrestrial Biota to Triclosan and Triclocarban” is an article published in 2009 in the Journal of The American Water Resources Association. It describes the “... potential adverse ecological effects in aquatic environments....” that might be experienced as a result of triclosan and its close relative triclocarban use in antibacterials, and their eventual flow into wastewater. (http://onlinelibrary.wiley.com/doi/10.1111/j.1752-1688.2008.00284.x/full)


Here is a list of various commercial products—by brand name— that contain triclosan: http://www.beyondpesticides.org/antibacterial/products.php.

This 56-page report, “Opinion on Triclosan: Microbial Resistance” from the European Commission’s Scientific Committee on Consumer Safety details scientific research to-date (2009) regarding triclosan’s potential for encouraging microbial resistance to antibacterials: http://ec.europa.eu/health/scientific_committees/consumer_safety/docs/sccs_o_023.pdf. Their findings: data is insufficient for a decision, but that doesn’t preclude the possibility.

This article describes various methods to make triclosan more water-soluble, the goal being increased antibacterial activity: http://journal.scconline.org/pdf/cc2003/cc054n06/p00537-p00550.pdf.

More Web sites on hyperhidrosis

From Your Virtual Doctor at FreeMD.com, here’s a page that will take students through a step-by-step check-up on excessive sweating: http://www.freemd.com/excessive-sweating/visit-virtual-doctor.htm.

This site from the National Institutes of Health discusses the diagnosis and treatment of focal hyperhidrosis (excessive sweating on specific areas of the body (e.g., hands or feet): http://www.ncbi.nlm.nih.gov/pmc/articles/PMC543948/.

More Web sites on parabens

The Center for Disease Control issued this fact sheet for parabens: 

http://www.cdc.gov/biomonitoring/Parabens_FactSheet.html. 

The U.S. Food and Drug Administration issued this statement on parabens: http://www.fda.gov/cosmetics/productandingredientsafety/selectedcosmeticingredients/ucm128042.htm.

More sites on misleading/false claims
The American Cancer Society’s Web site has this page which debunks several internet rumors about the cause-and-effect relationship (or lack thereof) between antiperspirants and breast cancer: http://www.cancer.org/cancer/cancercauses/othercarcinogens/athome/antiperspirants-and-breast-cancer-risk.

The National Cancer Institute’s Web site contains a cancer topic fact sheet that also discusses antiperspirants and breast cancer: http://www.cancer.gov/cancertopics/factsheet/Risk/AP-Deo.


And here is a short article from WebMD, also about antiperspirants and breast cancer, which offers a bit of both sides of the research story: http://www.webmd.com/breast-cancer/news/20060228/antiperspirant-link-to-breast-cancer.


Even snopes.com got into the controversy by debunking the email that kept the rumors going: http://www.snopes.com/medical/toxins/antiperspirant.asp.

One more Web site about parabens and breast cancer, from Chemistry Views magazine: “Underarm Hygiene Does Not Cause Breast Cancer”: 

http://www.chemistryviews.org/details/ezine/1452093/Underarm_Hygiene_Does_Not_Cause_Breast_Cancer.html.

The following Web site states that aluminum-containing “deodorant”, which doesn’t usually contain aluminum compounds (should be “antiperspirant”, which typically DOES contain aluminum), “…affects the body severely causing- breast cancer and also affect the lymph glands.” (http://www.sweatology.net/armpit-sweating/deodorant-without-aluminum/) You might also have students check out the statement made on the site about recyclable packaging. (I’m not sure I understand what they’re saying there.) The site also mentions crystal rock deodorants, saying “Deodorant without aluminum is safe such as crystal rock (natural deodorant).” It also claims that “[d]eodorant without aluminum, mostly the natural deodorants consists of natural ingredients and no chemicals.” 
This blog informs readers that alum (“natural crystal deodorant stone”) is really potassium aluminum sulfate (or ammonium aluminum sulfate; either way, it’s not the aluminum-free deodorant some people are seeking. (http://chemicaloftheday.squarespace.com/most-controversial/2010/1/21/aluminum-in-crystal-deodorant-stones.html)


You can also return to the “More on ‘natural’ deodorant” section to see more examples of misleading or false claims.
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The references below can be found on the ChemMatters 30-year DVD (which includes all articles published during the years 1983 through April 2013 and all available Teacher’s Guides, beginning February 1990). The DVD is available from the American Chemical Society for $42 (or $135 for a site/school license) at this site:  �HYPERLINK "http://www.acs.org/chemmatters"�http://ww.acs.org/chemmatters�. Scroll to the bottom of the page and click on the ChemMatters DVD image at the right of the screen to order or to get more information.





Selected articles and the complete set of Teacher’s Guides for all issues from the past three years are available free online on the same Web site, above. Simply access the link and click on the “Past Issues” button directly below the “M” in the ChemMatters logo at the top of the Web page. 
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