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Episode 3: Water Is the Villain


Ebb’s founder story names the ocean, and its buyers name the pool, the beach and the shower. In the last episode you saw a hair fibre that starts life coated and closed and is slowly stripped and opened. This episode is about the agents that do the stripping, and the surprise for most buyers is that water itself is the common thread. Pool water, sea water, hard tap water and the ordinary daily shower each harm hair in a different way, and sun works hardest on hair that the water has already opened. I will take each one at the level of detail a chemist would accept, and I will tell you where the evidence is firm and where it is thin.




What is actually in a swimming pool

A chlorinated pool is kept safe by what operators call free chlorine. When chlorine gas, liquid bleach or chlorine tablets go into water, they form hypochlorous acid, a small neutral molecule, and its charged partner, the hypochlorite ion. The balance between the two depends on the water’s pH. Pools are normally run between a pH of 7.2 and 7.8, and at 7.5 the split is roughly half and half. Hypochlorous acid is the more powerful oxidiser of the pair, and because it carries no charge it moves through biological material more easily. Public health guidance in the United States asks for at least one part per million of free chlorine in a pool and more in a hot tub, and many pools run between one and three.

The famous chlorine smell is mostly something else. When free chlorine reacts with sweat, urine and skin oils it forms chloramines, and those give a pool its sharp smell and its red-eye sting. A pool that smells strongly of chlorine usually needs more free chlorine, and less is the wrong conclusion. This matters for marketing because swimmers judge a product by whether the smell leaves their hair, and the smell is a poor measure of what the water did.

One more point about pools trips up a lot of buyers. A salt water pool is a chlorine pool. The salt cell inside the filter system runs an electric current through lightly salted water and generates chlorine on site, so a salt water pool contains the same hypochlorous acid as any other chlorinated pool, at similar levels, plus a mild salt load. People who own salt water pools often believe their hair is safe from chlorine, and the chemistry says otherwise.




What chlorine does to hair

Chlorine attacks hair in three ways. It strips the fatty surface coat, the 18-MEA layer from episode two, which the standard review of that layer says acidic chlorine solutions liberate from the hair. It oxidises proteins, and the most important target is cystine, the sulfur-containing unit that forms the disulfide bonds. Oxidation turns intact disulfide bridges into cysteic acid, which carries a negative charge. And it attacks melanin, the pigment, which is why dark hair can turn reddish or golden after years in the pool.

The cleanest human evidence comes from Japan. In 2000, a dermatology team led by Nanko examined 67 swimmers from the Japan National Swimming Team and 54 people of the same age who did not swim. Sixty-one percent of the swimmers had discoloured hair, and none of the controls did. Under the electron microscope the swimmers’ golden hair had lost its cuticle completely, held fewer and smaller pigment granules, contained less sulfur, and showed elemental chlorine inside the pigment granules in the cortex. The authors concluded that hypochlorous acid “can penetrate to the hair cortex through the cuticle,” and that the cuticle had been worn off mainly “by friction with water.” Remember that these are elite athletes swimming several hours a day, so the study shows the far end of the dose, and recreational swimmers sit somewhere on the road toward it.

Laboratory work fills in the mechanism. In the 1980s, Nancy Fair and Bhupender Gupta at North Carolina State University published a series in the Journal of the Society of Cosmetic Chemists on the chlorine and hair interaction. They soaked hair in ten parts per million chlorine, somewhat stronger than most pools, at different acidities for up to thirty hours, and found that the damage to the surface, the friction between hairs and the wet strength depended strongly on pH. Hair that had already been bleached or dyed showed more pronounced surface damage. The honest summary for you is that pool chlorine is a slow, cumulative oxidiser: one swim does very little you can measure, a season does a lot, and hair already damaged by bleach or dye falls faster.




Copper, and the truth about green hair

Green hair after the pool is copper, and chlorine is only its accomplice. Copper enters pools from copper-based algaecides, from ionisers that release copper on purpose, and from copper pipes and heater parts that corrode when the pool’s pH runs low. The dermatology literature has described swimmer’s green hair since the 1970s. In 1980 Roomans and Forslind measured eleven cases and found copper at 0.2 to 1.8 percent of the hair’s weight at the tips, against less than 0.02 percent in normal hair, concentrated at the outside of the strand. They also showed that damaging hair with chlorinated water greatly increased how much copper it could bind.

Here is the chemistry that ties chlorine and copper together, and it is the sentence to use with a chemist. When chlorine oxidises cystine into cysteic acid, it creates negatively charged sites inside the hair. Positively charged metal ions in the water, copper among them, latch onto those sites. So chlorine damage builds the parking spaces, and the copper fills them. The more damaged the hair, the more copper it holds, which is why bleached and lightened hair turns green while untreated dark hair, swimming in the same pool, often shows nothing.

That last point hides a second insight most buyers never hear. Copper in dark hair is still there; you simply cannot see it. Procter and Gamble’s hair scientists, in work led by Jennifer Marsh in 2014 and 2015, showed that small amounts of copper absorbed from ordinary tap water sit in the inner layer of the cuticle and speed up the damage that sunlight does to hair protein. Copper acts as a catalyst for the radical reactions ultraviolet light starts. Shampoos and conditioners with chelating agents, molecules that grab metal ions and carry them off, reduced copper uptake, protein loss and a marker of sun damage over a four-month study. So the pool in the morning and the sun in the afternoon do more harm together than either one alone, and that holds whether or not the hair turns green.




Hard water

Hard water carries dissolved calcium and magnesium, and in some places iron and copper. A 2011 study by Evans, Marsh and Wickett found that hair pulls calcium and magnesium out of tap water, that the amount depends most on how damaged the hair already is, because damage creates the binding sites, and that once loaded the hair held onto those metals even after repeated rinsing in soft water. Coloured hair, with more oxidised sites, takes up more calcium and copper, which dulls shine and makes hair feel rougher both wet and dry.

The skeptics in r/HaircareScience have a fair point, and you should hold both sides. The effects of hard water on hair are mostly cosmetic: dullness, a rough feel, poor lather and product build-up. Small studies looking for a loss of strength from washing in hard water have not found a significant one. The exception is the copper and iron that some hard waters carry, which matter for the sun-damage reason above. This is the territory where Eskiin sells a filtered showerhead with about 810 active ads in the United States. Most showerhead filters use carbon or a copper-zinc medium that reduces chlorine well and does little to calcium and magnesium, which need an ion exchange softener. When a buyer says the shower water is ruining her hair, she is usually half right about chlorine and copper and overestimating the hardness minerals.




The ocean, and an honest gap in the evidence

Sea water is about 3.5 percent salt and slightly alkaline, with a pH near 8.1. Our science sweep searched the indexed literature for a primary study on sea water and human hair and found none. That is an absence in the databases we could reach, and it means every claim about salt water is an argument from general mechanisms, which support the following points.

The alkaline pH of the sea pushes the hair surface toward a stronger negative charge, which raises friction between strands. Hours in the waves are hours of agitation, and the knot physics from episode two says long agitated strands knot. When sea water dries on hair it leaves salt crystals, which roughen the surface and add grip. That grip is exactly why sea salt texturising sprays exist and why many curly and wavy readers say their hair looks better after a beach day than after a careful wash day; one r/curlyhair poster asked why her curls looked perfect after the beach and wished salt water were not so damaging. The salt film is also hygroscopic, so it pulls moisture in and out with the air. Popular articles say salt “draws water out of hair by osmosis,” and you should treat that line as weak, because hair is not a living cell with a membrane, and the better explanation for straw-like hair after the sea is the rough salt film plus the sun that came with it.

The founder’s own story fits the mechanism. Five or six hours a day in the ocean means hours of agitation in alkaline water, salt drying on the strands between sessions, and tropical sun the whole time. An hour of knots in the shower is the predictable result for long hair.




The sun

Sunlight damages hair through ultraviolet light, and the two bands do different work. UVB, the shorter wavelength, does more damage to protein; one study found it two to five times more damaging than UVA and visible light for protein loss. UVA does more to pigment, which is why light hair goes brassy and dark hair gets lighter and redder over a summer. Sunlight also strips lipids. A 2013 study found ultraviolet exposure lowered the hair’s own lipids in Asian, European and African hair, with more surface damage where there was less lipid, and a 2022 analysis of blonde hair after light exposure that mimics daytime sun found that 397 of 791 measured lipids changed, most of them downward. Sun opens pores too, more slowly than bleach, rising over hours after exposure.

Hair has no reliable sunscreen. Ultraviolet filters in hair sprays do absorb light, but they sit in a thin, uneven film on a curved fibre and wash out easily, and most “UV protection” claims on hair products rest on the brand’s own testing. A hat protects better than any spray. For your marketing, the sun is best treated as the partner that finishes what the water started, and claims of sun protection on a hair product need the client’s own data before they appear.




The ordinary shower

The quietest villain is the daily wash, and it matters most because it happens most often. Each wash swells the hair to its full wet size and then lets it shrink, the cycle hair scientists call hygral fatigue. Shampoo detergents remove sebum and dirt, and over many washes they also remove some of the hair’s own lipids and dissolve small amounts of protein from inside the fibre. A 2022 study found that routine surfactant washing raised the hair’s porosity and pore volume, and that coconut-based oils applied around washing prevented the rise. Most shampoos sit above a pH of 5.5, and a 2014 review that measured 123 of them found that every single children’s shampoo tested sat above 5.5, near neutral, because a neutral pH stings eyes less. The same review links a higher pH to a more negative hair surface and more friction between strands. So the bottle designed to be gentlest on a child’s eyes is, on this measure, harder on the slip between her hairs.

After the wash, rubbing the hair with a towel, at the moment it is weakest and grippiest, roughs up the cuticle; a study of wet hair shaken in water found cuticle fragments torn off, chemically treated cuticle was more fragile, and blotting or wrapping the hair does far less of this. Then comes the brush, applied to wet, weakened, grippy hair, often from the roots down. The founder’s own detail belongs here too: she wore tight braids and ponytails for years and found that pulling a scrunchie out of wet hair damaged it.




How the villains compound

Seen one by one, each of these exposures looks modest. Seen together over a summer they form a chain. Chlorine and sun strip the fatty coat and oxidise the protein. Oxidation creates negative sites, so the hair binds more copper and calcium on every later swim and wash, and the copper then speeds up the next day’s sun damage. The stripped, rough, more negative surface raises friction, so every brushing breaks more hair and wears off more cuticle, which opens the fibre further, which lets it drink more pool water next time. Each wash with an alkaline or strong shampoo takes more lipid. By the end of a summer, the lengths of the hair have been opened and roughened far faster than at any other time of year, and they stay that way, because hair does not heal.




What protection before the water can and cannot do

The swimmers’ folk remedy is to wet the hair with fresh water and coat it with conditioner or oil before getting in the pool. One hairdresser on YouTube, in a comment with 255 likes, recommends exactly that, and a Reddit swimmer compares hair to a sponge that soaks up less pool water if it is already full of clean water. The logic is sound in part. A fibre already swollen with fresh water takes up pool water more slowly at the start. An oil film measurably slows water moving into and out of hair, according to a 2007 vapour sorption study by Keis, Huemmer and Kamath, though the same study found that a considerable amount of moisture still got through. A positively charged conditioner film binds to the hair by charge and partly survives rinsing. Coconut oil applied before washing reduced protein loss in the Rele and Mohile study of 2003, and it was the only one of three oils tested that did.

The limits deserve the same plain statement, because our search found no study that measured whether pre-wetting before a swim reduces chlorine or copper uptake. A long swim gives the water time to exchange with what is in the hair, so pre-wetting alone probably buys a modest benefit, and the coat matters more than the water. Swim caps reduce water contact and still let water in, which is why a TikTok saying caps were never meant to keep hair dry drew more than ten million plays and a fierce argument from former competitive swimmers. Nothing makes hair waterproof. The fair claim is that a coat applied before the water slows what the hair takes in and reduces friction while it is wet, and that the coat has to go on again after the swim. That claim is supported by mechanism and partial evidence, and it is the strongest honest version of the protect-before story Ebb can tell.




Water all year round

It is tempting to treat this whole story as a summer story, and the summer is when the damage peaks: pool season, beach holidays, swim lessons and the strongest sun all arrive together. Ebb’s own reviews tell a less seasonal story. Summer comes up in 18 of them and winter in 14, and the Sephora launch that produced most of the brand’s reviews landed in January and February. In winter the villain shifts indoors. Heated air is dry, so hair holds less water and builds static charge, which makes the negatively charged strands repel each other into flyaways, and the daily shower keeps doing what it does all year, swelling and shrinking the hair and washing away a little more of its coat. Indoor pools run all winter, and swim teams train through it. For a marketer that means the water argument has two seasons: the pool, the sea and the sun from May to September, and the shower, the indoor pool and dry heated air from October to April, with tangles and the feel of rough ends as the common complaint in both.




The one-sentence version

If a chemist asks you what water does to hair, you can now answer in one breath: chlorine and sun strip the bonded fatty layer and oxidise cystine into negatively charged cysteic acid, those sites pull copper and calcium out of pool and tap water, the copper catalyses further sun damage, and every swell and shrink, every alkaline wash and every wet brushing adds mechanical wear to a fibre that cannot repair itself. The next episode follows a real buyer through everything she tries in response, in the order she tries it.


