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CHAPTER 1

Why Have I Written a Book on Aluminum?

 

While the idea of writing this book has been gestating in my mind for some time, I only started to put words on paper as the Earth caught a cold from COVID-19. As I write, I am reminded of the book title Love in the Time of Cholera; not, of course, in comparing myself to Gabriel García Márquez and certainly not in a comparison of diseases. However, as the current “pandemic” unfolds and its true identity is revealed, I am reminded that fear is the key to controlling the narrative. I do not wish to go down this road in this book. I am not looking to scare anyone. I am hoping to inform as many as may wish to be informed about aluminum and its impact upon our lives. That said and back to the aforementioned Gabriel García Márquez, I am writing a love story, of sorts, and I am in the midst of global chaos wrapped up and delivered by Bill Gates’s World Health Organization (rarely was an organization more inappropriately named) and partners as a pandemic. At this moment in time, my university has closed all science buildings, and all my research is in limbo. The withdrawal symptoms I feel from not being able to continue with our work are far worse than any cold, even for an aging asthmatic like me. As an amputee is said to feel their missing limb, my missing research nags me continuously, and, realistically, this feeling is the backdrop to the words that I am endeavoring to write for you in this book. Writing about science can only ever be secondary to the joy of doing it. But I am going to give it a go!

I say that I am writing a love story because my pursuit of the understanding of aluminum’s role in life and living has occupied all my working days. Without love, without passion, my aluminum crush would have passed long, long ago. Indeed, many whom I respect and admire have, on numerous occasions over the years, encouraged me to consider a quick divorce from aluminum. In doing so they were only thinking of my well-being and my academic career, though I am sure that they expected their advice to fall on deaf ears. Persistence, indeed pursuance, in science needs an appreciation, if not a love, of the subject and, for most, some acknowledgment of effort by your peers. The latter proves most elusive. While over thirty-five years of continuous effort have afforded me the luxury of the label of “Mr. Aluminum,” in truth it often feels like I am the person who knows most about something that few are really interested in knowing about. In scientific circles, aluminum—in relation to human health specifically—has gone the way of the dinosaurs, though unlike dinosaurs there has not yet been a popular revival. Perhaps the resurgence is about to begin? Each waking day I continue my quest to understand aluminum in all living things, my Holy Grail, because I believe that it is the greatest untold story of science, and, yes, it is belief that continues to nurture my fascination and not a vain hope that my scientific peers will one day reward my efforts. Alas, the subject of my research alone dictates that there be no future trip to Stockholm or even The Royal Society of London to receive accolades for my efforts. However, please do believe me when I say that other forms of recognition from myriad individuals across the globe leave a smile on my face and a determination to continue and succeed in bringing scientific truth to light.

To date, I have written over 200 scientific papers, and it might be assumed that this should stand me in good stead for writing a book.1 In reality, for me writing about aluminum has never been easy and straightforward, as almost every word is loaded with meaning. In writing a scientific paper, you are always cautious that your words accurately reflect the data, the results of the research, and that you leave, purposefully, any wider interpretation to the reader. A famous example of this, and I say famous as the paper in question has been downloaded from the journal website a staggering one million times, is our paper on aluminum in brain tissue in autism.2 In writing this paper, we used the word vaccine only once, and this was in the paper’s introduction in relation to other scientists’ research. Nevertheless, this paper saw me christened by various Internet trolls, such as the notorious David Gorski, as being antivaccine. It heralded attacks on my person by the media, often inanely supported by press stooges masquerading as scientists. Google still offers “Christopher Exley Quack” as a viable search option. Nevertheless, it is an important, probably seminal, paper, and if you have not read it yet, then I recommend you join the million or so who have and download it from the journal website found in footnote 2.

Every word in every scientific paper I have written has always mattered to me because the subject matters to me. It is critically important to me that written information on aluminum be correct and supported by scientific data. I am not writing about beliefs or opinions; these are there, but only in what remains unwritten. I want you to read my words and from them distill my opinions, subtly disguised perhaps, as your own. Writing about aluminum is tough for me because I am afraid of passing on a wrong or ill-defined message. As you might imagine, this also makes me an obstinate reviewer of work by others on aluminum. In peer review, I reject many more manuscripts than I recommend for publication. I am sure that there are many willing to testify to my obstinacy and perhaps some who wreak their revenge when the opportunity is presented to them. I know that I reap what I sow, and I am comfortable with this. I am not reviewing the science of aluminum in this book. If you are a fellow scientist, even a member of the Aluminum Family, do not look for a direct citation of your work in this book. You are unlikely to find such, though you may still see your important research referenced in my thoughtful meanderings. I pride myself in having read almost every paper on aluminum published since about 1980 in mainstream academic journals. Those who have visited me at Keele University will recall an office bestrewn with box files replete with papers on aluminum. I have learned more about aluminum in living systems than I thought possible when I began my quest. I am expressing this learning herein. I am going to have a conversation with you about aluminum, and everything I tell you will be supported by published scientific literature.

I also want this book to be helpful. Every day without exception I receive emails asking me all manner of questions about aluminum. I hope that by writing this book I will give readers both knowledge and resources to investigate the answers to these questions. One of the possible subtitles I considered for the book, “Frequently Answered Questions,” reflects this aim of the book. I will always make myself available to fill in the gaps, but I want everyone who is truly interested to read a little more deeply and to find for themselves not only answers, but also mystery, the latter being what continues to keep the subject of human exposure to aluminum alive and kicking.



1 Publications of the Research Group, “Bioinorganic Chemistry of Aluminium & Silicon,” https://www.keele.ac.uk/aluminium/publications/.

2 Matthew Mold, Dorcas Umar, Andrew King, and Christopher Exley, “Aluminium in brain tissue in autism,” Journal of Trace Elements in Medicine and Biology 46 (March 2018): 7-82, https://www.sciencedirect.com/science/article/pii/S0946672X17308763?via%3Dihub.


 

CHAPTER 2

Why Am I Worried about Aluminum?

 

Why do we all need to know a little bit more about aluminum? Do we need a self-help guide for living in what I have coined “The Aluminum Age”?1 What is it about aluminum that makes it different, even, I would say, special? What about iron, copper, or any of the so-called “heavy metals” like mercury, cadmium, or lead? Why must we pay particular attention to aluminum? Why, because its biogeochemistry—its natural history—raises two red flags immediately and simultaneously. Two danger signals that actually are easily missed by all of us and easily dismissed by those whose interests are conflicted by aluminum’s omnipresence in human life and, consequently, are purposely blind to its danger signals. First, aluminum in all of its myriad forms is superabundant; it is the third most abundant element (after oxygen and silicon) of the Earth’s crust. The land upon which we walk and the mountains we endeavor to climb are made of aluminum, silicon, and oxygen.2 Second, aluminum is superreactive; it is both chemically and biologically reactive. However, these two red flags identify a paradox, as the abundant and biologically reactive aluminum has no biological function either in any organism today or in any extinct biota from the evolutionary past. We know the latter to be true since aluminum left no biochemical footprints in the sands of evolutionary time. This means in practical terms that when we encounter aluminum in our everyday lives, our bodies only see aluminum as an impostor, something foreign, and something for which we have not been preprepared through biochemical evolution.3 This in turn means that all of our encounters with aluminum are adventitious, random, and chaotic. There is no aluminum homeostasis, no protection against it, and no controlled elimination. I have not always been so aware of aluminum’s rules of engagement with life and living things, and so one might forgive others whose days, like mine, are not spent pondering the natural history of aluminum, for missing these red flags. However, science moves on slowly and inexorably and does now inform us of these facts about aluminum in as unequivocal a manner as science is able to work. After all, we do now accept that planet Earth moves around the sun and not the opposite, as was believed to be the case for many centuries. The science of aluminum continues to evolve, though I am not convinced that humans will live through enough generations to see aluminum emerge as an essential, as opposed to toxic, element of life. Do not forget that the essential elements of life today such as oxygen and calcium were major toxins before being successful in supporting life through the process of natural selection. Darwin was so right in so many ways that he could never have supposed. I was happy in 2009, as part of the celebrations of Darwin’s life (two hundred years since his birth) and major work (one hundred and fifty years since publication of On the Origin of Species), to be asked by a major biochemistry journal to review the essentiality of aluminum through the lens of Darwinian natural selection.

The natural history of aluminum and life is for telling on another day and not now in this book. However, it is one of the great stories that helps to explain why Earth is unique among millions of planets in thousands of galaxies. Planet Earth is the original green economy and ultimate example of recycling, and throughout the several billion years of its existence, it never allowed the movement of biologically reactive aluminum from the geochemical cycle to the biotic—living—cycle. This glorious success in keeping aluminum out of all living things is summarized as a biogeochemical cycle recently circumvented by one significant caveat, the emergence of Man.
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Figure 1. Here I have reimagined Charles Darwin’s Tree of Life in order to demonstrate the emergence in evolutionary time of biologically reactive aluminum. Please see the full paper for a complete explanation.* (See color version in insert.)
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Figure 2. Aluminum’s biogeochemical cycle ensured that almost no aluminum entered living things, the biotic cycle, until the advent of the Aluminum Age. Please see the full paper for a complete explanation of the cycle.** (See color version in insert.)

However, the very recent natural history of aluminum is concerning, and it marks the advent of what I have called “the Aluminum Age.”4 When, in 1889, Charles Martin Hall invented a process of extracting aluminum metal from its ubiquitous ores of the Earth’s crust, it heralded an age as important as any before or since.5 Aluminum metal and its many salts and myriad compounds were catalysts (both literally and metaphorically) for technological change fueling (again quite literally) the advances of the twentieth century and beyond. Aluminum was lauded as a miracle metal, and, as it eventually transpired, there were no limits to its applications in modern life and living. Throughout the seemingly infinitely long period when there has been life on Earth, human beings, in only the latter part of the nineteenth century, achieved something not seen before in Nature. We have presided over an ubiquitome of biologically reactive aluminum. I just made up the word ubiquitome to describe and to bring to life the biological world of aluminum (since aluminum is both omnipresent and biologically available, while only the former was true prior to the Aluminum Age). A Pandora’s box of possibilities is open, and over a century of the consequences are already upon us. In the short term, at least, biologically reactive aluminum is only toxic, and its ubiquitome is why we should all worry about aluminum.



1 Christopher Exley, “The Aluminium Age,” The Hippocratic Post, March 21, 2017, https://www.hippocraticpost.com/mens-health/the-aluminium-age/.

2 Christopher Exley, “A biogeochemical cycle for aluminium?” Journal of Inorganic Biochemistry 97, no, 1 (September 2003): 1-7, https://www.sciencedirect.com/science/article/pii/S0162013403002745?via%3Dihub.

3 Christopher Exley, “Darwin, natural selection and the biological essentiality of aluminium and silicon,” Trends in Biochemical Sciences 34, no. 12 (December 1, 2009): 589-593, https://www.cell.com/trends/biochemical-sciences/fulltext/
S0968-0004(09)00167-4?_returnURL=https%3A%2F%2Flinkinghub.
elsevier.com%2Fretrieve%2Fpii%2FS0968000409001674%
3Fshowall%3Dtrue.

* Ibid.

** Christopher Exley, “A biogeochemical cycle for aluminium?” Journal of Inorganic Biochemistry 97, no. 1 (September 15, 2003): 1-7, https://www.sciencedirect.com/science/article/pii/
S0162013403002745?via%3Dihub.

4 Exley, “The Aluminium Age,” The Hippocratic Post, https://www.hippocraticpost.com/mens-health/the-aluminium-age/.

5 “Production of Aluminum: The Hall-Héroult Process,” National Historic Chemical Landmark, Dedicated September 17, 1997 at Oberlin College in Oberlin, Ohio, and November 2, 2001 at Alcoa Inc., in Pittsburgh, Pennsylvania, https://www.acs.org/content/acs/en/education/whatischemistry/
landmarks/aluminumprocess.html.


 

CHAPTER 3

Some Simple Aluminum Biochemistry

 

What do I mean when I write about biologically reactive aluminum? A brief introduction to the biological chemistry of aluminum should help to make this clearer. Stay with me: I know that just the word “chemistry” is an anathema to many and is often used as an excuse not to understand something. As a biologist (and not a chemist, as someone has reported on Wikipedia), I appreciated very early in my scientific career that I needed to understand chemistry, but primarily that I needed to understand certain chemistry. In my example, what I needed to know was the chemistry of aluminum as it impacts living things. Aluminum chemistry can be as complicated as it is ubiquitous. A one-thousand-page tome would almost certainly not do justice to the chemistry of this wonder metal. However, the aluminum that we have already described herein as biologically reactive has one distinct chemical form, and it is the solvated free metal cation (a positively charged ion), written as Al3+(aq).1 (The subscript “aq” stands for aqueous, so this tells us that Al3+ is the form of aluminum that is found in water, an aqueous solvent.) This is the form of aluminum bound by biological molecules in bringing about aluminum’s toxicity. It may not be the only form to be biologically reactive. However, we know unequivocally that Al3+(aq) is biologically reactive, and this certainty provides a solid baseline for understanding how aluminum influences biological processes and exerts its toxicity.
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Figure 3. A model of biologically reactive aluminum. The aluminum atom is surrounded by six water molecules, giving an overall molecular charge of +3. Courtesy of X. Lopez. (See color version in insert.)

When Al3+(aq) is bound by a biological molecule, for example a protein, this can be considered as aberrant, an unwanted interaction, since no biological molecule (or biomolecule) requires aluminum to be functional. Indeed, the opposite is usually the case, as binding aluminum, instead of an essential metal ion such as magnesium, renders the biomolecule dis- or nonfunctional. It no longer works as it is meant to work. Imagine biochemical systems as orchestras where essential metals such as magnesium are the conductors. The natural selection of the elements of life, a term coined by the father of bioinorganic chemistry, the late, great RJP Williams FRS, has ensured a faultless symphony. It is not then so difficult to envisage the ensuing cacophony when aluminum substitutes for an essential metal and, acting as conductor, directs notes from compromised instruments at all the wrong times. This perhaps overly poetic analogy reminds me of a famous exchange between the English comedian Eric Morecambe and German-American musician André Previn. The latter chastises the former for playing the wrong notes on a piano. Morecambe replies that he is actually playing all the right notes but in the wrong order! This is the biological chemistry of aluminum, and it is inevitably toxic.

Certain properties of a biomolecule make it an attractive partner for aluminum. When considering if a biomolecule will bind aluminum, an important factor is the availability of oxygen-based groups, such as phosphate on adenosine triphosphate (ATP) or carboxylic acid on citrate (citric acid), as these types of “functional groups” bind aluminum (Al3+(aq)) with avidity, forming strong and stable complexes. Oxygen-based groups, such as just described, are arguably the most common groups on biomolecules for binding metals in all biological systems, and this commonality underlies the preeminent toxicity of aluminum. Because of this propensity to be bound by common functional groups on myriad biomolecules, aluminum is uniquely positioned as an almost universal (disruptive) metal cofactor throughout biochemistry. However, like swallows and summer, as the saying goes, one strong aluminum-biomolecule complex doth not (well, rarely) overt toxicity make. Instead, biology is inherently robust, and before aluminum is toxic, it must overcome the resilience of any affected biochemistry or biological process. Toxicity is the result of many Al3+(aq) being bound by equally numerous biomolecules within a relatively short period of time. Aluminum must overcome the defenses and storm the battlements before any toxicity ensues.2

By identifying Al3+(aq) as the perpetrator of toxicity, all other forms of aluminum can be considered as sources of Al3+(aq). All forms of aluminum, including metallic forms, will break down under certain conditions to release Al3+(aq) for binding by biomolecules. This is a basic tenet underlying all understanding of the toxicity of aluminum in living things. Ask the question if any particular form of aluminum has the propensity to release significant quantities of Al3+(aq). Those forms of aluminum that find themselves in a physiological compartment—an example of which would be blood—that promotes their rapid dissolution to produce a continuous supply of Al3+(aq) are more likely to result in toxicity than other forms of aluminum in the same compartment, but that are less prone to breakdown. The availability of biologically reactive aluminum is governed by processes akin to Darwinian natural selection, with the environment (where the aluminum is found) playing a crucial role in any outcome. All of the aluminum found in, or associated with, the human body has the potential to result in toxicity. Fulfilment of this potential leads to human disease. This is arguably all the basic chemistry required to have insight into the toxicity of aluminum, whether fish, fowl, or human being.3



1 Christopher Exley, “Elucidating Aluminiums Exposome,” Current Inorganic Chemistry 2, no. 1 (2012): 3–7, http://www.eurekaselect.com/96212/article?trendmd-shared=3.

2 Christopher Exley, “The toxicity of aluminium in humans/La toxicité de l’aluminium chez l’homme,” Morphologie 100, no. 329 (June 2016): 51–55, https://www.sciencedirect.com/science/article/abs/
pii/S1286011516000023.

3 Christopher Exley and Matthew J.Mold, “The binding, transport and fate of aluminium in biological cells,” Journal of Trace Elements in Medicine and Biology 30 (April 2015): 90–95, https://www.sciencedirect.com/science/article/pii/
S0946672X14002107?via%3Dihub.


 

CHAPTER 4

Where Is Aluminum in the Body?

 

We, my research group, have defined something that we call “the body burden of aluminum.”1 It is all of the aluminum that is associated with the body at any one time. It includes all of the aluminum that is on the inside of the body and, critically, all of the aluminum that is on the outside of the body. Aluminum that is on the inside must have passed through the body’s outer surfaces, including the skin, the gut, the nose, and the lungs to reside eventually within body tissues. In comparison, aluminum that is on the outside of the body may be in the process of entering the body or it may be lodged, trapped, or caught within external surfaces, such as those of the skin, the gut, the lungs, and the nose.

While everyone can more easily acknowledge how diet contributes to the body burden of aluminum, it is perhaps not as well appreciated that topical applications of products that contain aluminum, including cosmetics, sunscreens, and antiperspirants, also add to the body burden of aluminum upon every application. For example, normal use of an aluminum-based antiperspirant might add as much as 1g of aluminum to the skin surface each day, while a day on the beach could involve applying as much as 5g of aluminum in sunscreen. All forms of aluminum associated with the body have the possibility to break down through disaggregation and dissolution and thereby release biologically reactive aluminum (Al3+(aq)). As such, they must all be included in the body burden of aluminum. While aluminum associated with the outer surfaces of the body in time may enter the body, it also may exert toxicity without entering the body. Personally, I continue to worry about the promotion of sunscreen and sunblock, many versions of which include aluminum salts as ingredients. Aluminum is a powerful catalyst of oxidative damage (this is why we call it a pro-oxidant2) and with sunlight and the UV filters found in sunscreen, it forms a dangerous triumvirate capable of carcinogenic effects. Is it only a coincidence that those countries in the world using the most sunscreen per head have the highest incidence of melanoma?3

[image: images]

Figure 4. The schematic identifies the main factors, from uptake to excretion, involved with human exposure to aluminum. Please see the full paper for a complete explanation.** (See color version in insert.)

Another example of aluminum toxicity on the outside of the body is its inhibition of the activity of sweat glands in the skin through the application of an aluminum-based antiperspirant.4 The topically applied aluminum salt, usually aluminum chlorohydrate, dissolves in secretions at the skin surface to release Al3+(aq), which in turn inhibits the release of sweat by sweat glands.

This is how an antiperspirant works, by affecting the activity of a major and important gland in the body, the sweat gland. The manufacturers of antiperspirants know this, but instead they propagate the myth that they work by simply blocking the sweat gland and thus preventing the secretion of sweat. This myth has significant practical implications, since it allows antiperspirants to be classed as cosmetics and not as medicine, thereby preventing unwieldy (for the manufacturers) regulation of their use.

The majority of the outer surfaces of the body, in terms of their surface area, is actually inside the body, the exception being the skin. These outer surfaces on the inside of the body, such as those in the gut and in the lung, are living, reactive surfaces and are equally prone to the disruptive effect of biologically reactive aluminum. The distribution of the body burden of aluminum is, at best, uncertain. There are historical data purporting to report aluminum content in tissues throughout the body. These data are, in general, from disparate sources of unknown reliability and cannot give an accurate understanding of the body burden of aluminum. Until the discrepancies in these historical data are addressed in research designed specifically for the purpose of measuring the body burden of aluminum, certain assumptions are needed in answering the question: where is aluminum in the body? For example, long-lived body compartments have a greater propensity to accumulate aluminum over time. Bone is one such compartment. Growing bone presents a highly phosphorylated environment to innervating biological fluids, ostensibly to bind calcium but also highly attractive to biologically reactive aluminum. It is bound at the bone front and becomes trapped in growing bone, leaving an aluminum-rich area almost akin to the growth rings of a tree. The presence of an aluminum-rich area is a testimony to a time when an individual was experiencing a higher than usual exposure to aluminum.

It is also the case in aging and other circumstances of bone loss and bone remodeling that this “aluminum front” can become a source of biologically reactive aluminum to the rest of the body. Neurones, the brain cells, are the longest-lived cells in the body, and this makes them a prime target for the accumulation of aluminum over time.5 The brain, like bone, is therefore a tissue in the body where you might expect to find aluminum. This longevity of neurones also makes them prime targets of aluminum toxicity, as toxic thresholds are reached over (usually) decades of continuous low exposure. Compare the latter to a skin cell that may live for only a few days or weeks. Skin cells in general are unlikely to suffer aluminum toxicity before being shed from the body. Exfoliation is one of the adventitious ways that aluminum is excreted or shed from the body. Other reservoirs of aluminum, potentially in transit, will be the lungs and the gut. Both of these major organs will house aluminum at their external surfaces and within their tissues. In many ways, these two organs are significant sources of aluminum with their individual burdens being in continuous exchange with other areas of the body. Other principal organs where one might expect to find aluminum are the liver and the kidney. Both are important in the excretion of aluminum, again adventitious, from the body, the liver via the bile and the gut and the kidney with urine.



1 Christopher Exley, “Human exposure to aluminium,” Environmental Science: Processes & Impacts 10 (2013) https://pubs.rsc.org/en/content/articlelanding/2013/EM/C3EM00374D#!divAbstract.

** Ibid.

2 Christopher Exley, “The pro-oxidant activity of aluminum,” Free Radical Biology and Medicine 36, no. 3 (February 2004): 380–387, https://www.sciencedirect.com/science/article/abs/pii/
S0891584903007937?via%3Dihub.

3 “Melanoma of the skin statistics,” Australian Government, https://melanoma.canceraustralia.gov.au/statistics.

4 Christopher Exley, “Aluminum in antiperspirants: More than just skin deep,” The American Journal of Medicine 117, no. 12 (December 15, 2004): 969–970, https://www.amjmed.com/article/S0002-9343(04)00694-1/fulltext.

5 Christopher Exley, “Why industry propaganda and political interference cannot disguise the inevitable role played by human exposure to aluminum in neurodegenerative diseases, including Alzheimer’s disease,” Frontiers in Neurology 27 (October 2014) https://www.frontiersin.org/articles/10.3389/fneur.2014.00212/full.


 

CHAPTER 5

Measuring the Body Burden of Aluminum

 

There is a burgeoning trend for individuals to want to measure what is in their body, and aluminum is no exception to this. Often people are hoping to self-diagnose a suspected intoxication by aluminum, and, following the latest trend in “detox,” they want to know if the treatment has reduced their body burden of aluminum. This is completely understandable as is the concomitant advent of burgeoning commercial outlets offering tests for aluminum on a variety of biological indices, including blood, urine, and hair. The latter is the most widely available test and a popular choice due to ease of applicability. However, what scrutiny is given to the value of the data obtained or provided from these tests? Often somewhere between very little and none. The precise and reliable determination of aluminum in any tissue of the body is notoriously difficult for a plethora of very good reasons. In my laboratory, we have spent over thirty years optimizing our methods, and even our data on aluminum cannot always be beyond criticism. This fact alone should act as a warning that commercial outlets advertising measurement of aluminum in human tissues cannot provide reliable and reproducible data. Until the time that this is possible, everyone would be better advised to save their money. However, if there were opportunities to obtain precise, reliable, and robust measurements of aluminum through certified laboratories using standard methods, then what might be learned from the measurement of aluminum in hair, blood, and urine?

Let’s Start with Hair

Perhaps hair is the most problematic of these tissues, as an assumption is always made that the source of aluminum in hair is the systemic circulation. However, is this really the case? What about contamination of hair from the external environment, including dyes, shampoos, conditioners, and other hair care products? The success of these products often involves their active ingredient being bound tightly to hair; and, in the case of some, for example many dyes, aluminum may actually be the linking agent added for this purpose. Aluminum in these products applied to hair will be extremely difficult to remove and will result in erroneously high data for hair aluminum content. Assuming hair can be clean with no extraneous contamination, then the aluminum content in hair is usually further interpreted as a surrogate for aluminum in blood. Therefore, the assumption follows that aluminum present in blood nurturing growing hair is deposited at the growth front. As hair grows, aluminum remains trapped in the protein, mainly keratin, the matrix of the hair, even after the hair has died. The aluminum content of hair can then be measured accurately. However, what would the subsequent data indicate about the body burden of aluminum? What would it tell you about your personal exposure to aluminum? Does a high content of hair aluminum indicate similar quantities in the blood or, perhaps, does it indicate a slow build-up or accumulation of aluminum over a particular time?
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