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Abstract 

This mini-review article investigates environmentally damaging factors in hair and scalp, such as exposure to water with metal residues (hard 
and pool water), air pollution, and solar radiation (UVA/UVB). The extent of damage is closely tied to the frequency of exposure and the condition 
of the hair fibers, with bleached, dyed, and natural gray and blond hair being more vulnerable. Environmental damage manifests at nano, micro, 
and macrostructural levels, affecting hair characteristics like shine, strength, softness, and coloration. With a focus on water, air pollution, and 
solar radiation, this mini review explores the damage and emphasizes the need for detox hair products to avoid or mitigate these effects. Detox 
products aim to cleanse, eliminate impurities, and reduce the impact of pollutants, metals, and other harmful substances on hair and scalp health. 
The rising consumer concern for healthier hair underscores the relevance of detox action products in maintaining cleaner, stronger, and more 
vibrant hair.
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Introduction

The increased quest for healthier hair underscores the 
importance of delving into potential sources of hair damage. Some 
of them are well known, such as mechanical damages like brushing 
and combing, and chemical processes like bleaching, perming, and 
straightening are acknowledged culprits in compromising the hair 
fibers health [1,2]. Besides those recognized sources of damage, 
a set of less apparent threats can be equally or more harmful to 
the hair fiber. Some of this damage goes unnoticed in our daily 
routine, and most can be correlated with the surroundings and the 
environment in which people usually live. The damage can range 
from nano to macrostructural, being nano when associated with 
protein and lipid loss, which can occur mainly due to exposure 
to solar radiation and can be intensified by the presence of other 
components, such as metals and pollutants in the hair fibers [2]. 

Mechanical properties and cuticle breakage changes can 
be observed when moving to microstructural damage. Once 
macrostructural damage is reached, a shine reduction and the 
appearance of split ends can be be observed [2], usually when 
the individual truly perceives and observes the damage. The 
occurrence of these damages often has not only one cause but 
an association of different factors. This mini-review article will 
focus on the damage caused by environmental processes such  
 

 
as exposure to water contaminated with metals (hard and pool 
water), atmospheric pollutants, and solar radiation (UVA/UVB). 
The extent of damage caused by these environmental processes is 
highly correlated with the frequency of exposure and the condition 
of the hair fibers; bleached, dyed, and gray hair are more affected 
[3].

The Effect of The Metals Present in the Water on Hair

Water is frequently used in hair care routines, such as washing 
to help remove sebum and impurities from the scalp and hair 
fiber. However, when considering water by itself, it is essential to 
note that depending on the location, the water may contain metal 
residues such as calcium, magnesium, copper, and iron [4]. The 
presence of these metals can affect and modify the behavior of 
hair stress and the performance of hair care products. The use of 
water with a level of metal ions can lead to changes in the hair fiber 
characteristics that may result in stiffness, difficulty in combing, 
reduced shine, increased volume, and mechanical properties 
modifications [1,2,6]. Some of these characteristic changes may 
be associated with the presence of metals such as copper (Cu) 
and iron (Fe) in the hair fiber, which can potentiate and accelerate 
oxidative damage caused by processes such as bleaching, dyeing, 
and UV radiation.
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These metals are known to catalyze photochemical processes, 
especially the production of reactive oxygen species (ROS), 
which can interact with proteins, nucleic acids (DNA), lipids, and 
pigments present in hair fibers, potentially causing damage to 
these structures [4-6]. Naqvi and colleagues conducted a study 
that revealed an increase in protein loss among dyed hair strands 
lacking a chelating agent. This finding suggests that the presence 
of copper contributes to the elevated protein loss compared to 
the samples with chelating agent [7]. Another study by Marsh 
et al. reported a correlation in virgin hair with copper presence 
associated with protein loss [8]. The presence of copper ions 
(Cu2+) in pool water, originating from chemicals such as algaecides 
used for algae control or from old metallic pipes used for water 
transport, can leave especially blond and white hair (natural or 
bleached) with a greenish color after prolonged exposure. This 
color change is due to the interaction of copper sulfate, a blue color 
substance, with the hair and the deposition of this metal [9-11].

A study conducted by Bhat and collaborators exposed 
bleached and natural white hair tresses to a solution mimicking 
the swimming pool environment a containing copper (algaecide); 
according to the damage in the hair tresses, the impact of the 
copper in the hair color was different, the bleached hair presented 
a darker green, as the natural white tresses a lighter green. In a 
case reported by Tomas and colleagues, a 20-year-old woman 
experienced greenish coloration in some parts of her hair after 
swimming in an outdoor community pool. Analytical tests 
revealed elevated copper levels, approximately 3 ppm, exceeding 
the recommended limit of 1.3 ppm determined by authorities of 
Catalunya (Spain). The woman had previously highlighted her hair, 
resulting in more damaged parts of the hair with potential cuticle 
damage, that when evaluated in a scanning electronic microscope 
(SEM), some fibers lacked a cuticle. It was hypothesized whether 
what was observed was due to a reaction of the excess of copper 
in the swimming pool with the components of the highlights 
coloring. According to the authors, the presentation of a strong 
green coloration only in some highlights supports this hypothesis 
[12,13].

Another case report by Schwartz and colleagues described 
a15-years-old teenage girl who experienced a dark green color 
in her hair after two months in a new house (Northern Virginia). 
High levels of copper were found at 2.57 ppm in the water 
from a bathroom sink, caused by copper pipes in the home 
plumbing system[11]. Water with the presence of calcium (Ca) 
and magnesium (Mg) in amounts exceeding 120 ppm can be 
classified as hard water, which can influence characteristics such 
as combability, softness, and stiffness of the hair fiber, as well as 
modification in the hair mechanical properties [14-16].

The type and state of the hair can influence the intensity of 
damage when exposed to hard water [14]. A study by Luqman 
and collaborators described that Ca and Mg usually stay mostly in 
the cuticle, the outermost layer of the hair fiber. Still, they wanted 
to evaluate the impact on the mechanical properties. This study 

showed a significant decrease in the tensile strength values of 
male hair types when exposed to hard water compared to the 
samples exposed to deionized water [15,17]. On the other hand, in 
another study conducted by Evans and collaborators with virgin 
and bleached medium brown hair tresses exposed to hard water, 
it was not possible to observe in a dry state a significant difference 
in break stress values, compared to the samples exposed to 
soft water. Additionally, it was possible to observe a significant 
increase in Young’s modulus in hard water-treated bleached hair 
fibers compared to soft water-treated bleached hair fibers, which 
supports the increase in stiffness of hair exposed to metals [16].

In the same study in the wet state, the virgin hair treated 
with hard water presented a significant difference (19%) in the 
elastic modulus (young modulus) compared to the soft water 
treated hair. Similarly, break stress values were significantly 
higher (5%) in hard water-treated virgin hair than those of soft 
water-treated hair. According to the authors, this result indicates 
that the calcium and magnesium increased the hair resistance to 
extend and to break, collaborating with the Salt links (Coulombic 
interactions) by Feughelman in 1982 [16].. The study made by 
Godfrey et al. with different types of colored (dyed) hair from 
ten different countries (Brazil, China, Germany, Japan, Russia, 
Sweden, Turkey, United Kingdom and the United States) showed 
that the individuals that classified their hair as poor condition had 
significantly higher levels of copper (29ppm), calcium (5500ppm), 
and magnesium (390ppm) in their hair fibers, compared to those 
who classified the hair as good condition (Cu:27 ppm; Ca: 4375 
ppm; Mg: 293ppm) [18].

Structural damage to the hair can be more often observed as 
a higher frequency of physical damage over time as the hair is 
washed, combed, or brushed, leading to increased cuticle breakage 
and the formation of split ends [18,19]. In addition, hard water 
can potentially alter the performance of cosmetic products. It can 
reduce the deposition of conditioning agents and the formation 
of foams (lather capability) and may change the response of the 
hair fiber in processes such as bleaching, permanent coloring, and 
straightening [1, 2, 5-7].

The Effect of Air Pollution on Hair

It is already known that exposure to pollutants is a risk factor 
for human health that can lead to increased oxidative stress, 
inflammation, allergies, and diseases [20-22]. Pollutants have 
a negative impact on the skin and hair, mainly enhancing the 
oxidation and degradation of proteins and lipids, especially when 
associated with UV radiation, contributing to the aging process in 
these areas [21-23]. Moreover, the impact of air pollution on hair 
is a growing concern, with natural phenomena like volcanoes and 
wildfires contributing to its sources. However, recent increases 
indicate that the significant production of pollutants stems 
from human activities, primarily fuel combustion (derived from 
petroleum and solids) and industrial processes. Air pollution 
comprises various pollutants, including polycyclic aromatic 
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hydrocarbons (PAHs), volatile organic compounds (VOCs), oxides, 
and particulate matter (PM) [21, 23-25].

Particulate matter (PM), a mixture of solid particles and 
droplets in the air, includes visible particles like dust, dirt, and 
soot. PMs are mainly classified into PM 2.5 and PM 10, where PM 
2.5 consists of combustion particles, organic compounds, metals, 
etc. (size <2.5μm in diameter), and PM 10 includes dust, pollen, 
mold, etc. (size <10μm)) [3, 21, 23, 24]. These particles (PM) tend 
to adsorb various compounds with their elevated surface area, 
transporting transition metals and PAHs on their surface. The PM 
adhesion to the hair can vary according to hair length, weathering, 
grooming procedures, and aging [26]. The frequent contact of 
these harmful substances (PMs and PAHs) with hair fibers can 
lead to structural modifications, damage to cuticles and cortex, 
and increased hair surface hydrophilicity, contributing to dullness 
and roughness, potentially exacerbating under UV radiation [20, 
23, 26]. In a study conducted by Galliano and collaborators, virgin 
Asian hair tresses were exposed to real-life severe (Air Quality 
Index - AQI – 100 -200 or above) aerial pollution conditions 
(Baoding, China) and showed that PMs may strongly adhere to 
the hair surface after 24h of exposure in one single hair (25 cm 
length).

A rough estimation of PMs was made through SEM images, 
determining around 10,000 PMs per hair fiber. Under the severe 
aerial pollution, the exposed hair tresses showed a rougher and 
duller surface. According to the authors, such observation may be 
due to the combination of the presence of tiny particulates and 
PMs (dispersion), along with UV and visible light exposure, and 
pollution-related oxidative gaseous compounds [26].. A study by 
QU and collaborators described that virgin Asian hair samples, 
when exposed to cigarette smoke, significantly decreased contact 
angle values. After six cycles of exposure (6h), the hair stresses 
had an 85% reduction in the contact angle value compared to the 
initial values. The decrease in the contact angle values indicates 
an increase in hydrophilicity that leaves the hair more permeable 
to substances. The increase of hydrophilicity characteristic can 
be correlated with the loss of the 18-MEA (18-methyl eicosanoic 
acid), an essential lipid presents in the hair surface that air 
pollution compounds, such as ammoniac compounds, can damage 
[23]. Additionally, the same group observed a decrease of 90% 
in tryptophan, an amino acid indicator for measuring protein 
degradation in hair, caused by exposure to cigarette smoke [23]. 
As hair readily interacts with the environment, it can absorb 
water vapor, facilitating the penetration of contaminants in the 
air. The porous state of hair fibers influences this process – the 
more porous (damage), the greater the water absorption and, 
consequently, the transport of pollutants. Besides the impact on 
hair fibers, pollution exposure can also affect skin health, causing 
irritation, redness, allergies (atopic dermatitis and psoriasis), 
and possible exfoliation of the outer scalp layers. Pollutants can 

disrupt the skin barrier function, making it more permeable to 
external agents and consequently increasing susceptibility to 
irritation [22, 27].

 Moreover, the presence of particulate matter can negatively 
influence hair growth by increasing the inflammatory process 
(production of cytokines) and promoting the formation of reactive 
oxygen species (ROS) [28]. This can elevate oxidative processes 
in the follicular region, leading to the apoptotic death of some 
cell types, such as follicular keratinocytes and can also impact 
melanocyte function, accelerating the appearance of gray hair 
[29].

The Effect of Solar Radiation on Hair Fibers and Scalp

Frequent exposure to solar radiation can result in damage 
to hair fibers, leading to increased roughness, porosity, fragility, 
and stiffness while diminishing shine and tensile strength and 
impacting the natural and/or artificial coloration of the hair [2, 5, 
30-32]. Within the solar spectrum, we will focus on the effects of 
UVA/UVB radiation. UVB radiation primarily affects the cuticular 
region of the hair fiber, while UVA radiation can penetrate the 
cortex [31]. The former is associated with protein degradation 
due to the absorption of radiation by chromophores, organic 
functional groups that absorb in the ultraviolet or visible region 
[33], present in this region, such as amino acids (tyrosine and 
tryptophan) and disulfide bonds [34,35] UVA radiation is related 
to hair fiber depigmentation due to photo-oxidative reactions 
resulting from forming reactive oxygen species (ROS) [34, 35]. 
ROS formation occurs through the interaction of UVA radiation 
with photosensitive structures in the hair [36].

Melanins (eumelanin and pheomelanin) play a role as a 
natural photoprotector to reduce the effects of ROS on the 
keratinized matrix. However, they oxidize, changing hair color 
[30]. Artificial pigments may also undergo oxidation, resulting in 
a change in color for dyed hair. ROS action in the cortex region 
can cause damage to the matrix and weaken the hair due to the 
oxidation of lipids and Amino acids [36]. The impacts of solar 
radiation, especially UVA/UVB, on hair fibers, can be intensified 
with the presence of metals and pollutants in the hair fibers and 
scalp, leading to an increased formation of ROS, as described 
earlier, causing the oxidation of hair fiber structures [1, 5-7, 27]. 
In Marsh’s study, chemically untreated hair samples with different 
levels of copper were evaluated whether the presence of this 
metal would lead to increased protein damage when exposed to 
UV radiation. The findings indicated an increase in protein loss 
derived from increased copper level and UV exposure time [8]. 
Considering the broad and harmful impact of metals and pollutants 
on the condition of the hair, enhanced by exposure to radiation 
and other sources of oxidative stress, protection strategies against 
these agents have been developed for hair care. In this context, 
solutions capable of chelating metals or preventing the adhesion 
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of harmful substances to the hair, popularly called detoxifying 
(detox) products, have emerged as useful allies in personal care.

Detox Hair Products

With the search for ways to reduce those harmful effects, 
the term detox has emerged, which can be related to the word 
detoxification from the Cambridge dictionary, meaning the process 
of removing harmful or toxic chemicals (“DETOXIFICATION 
definition | Cambridge English Dictionary”,). This term has 
been widely used and applied mainly to health and well-being. 
Nowadays, numerous products, diets, and even treatments with 
this appeal are significantly present in the personal care market. 
Evaluating products in the Hair Care market with the detox claim, 
most are associated with removing substances such as pollutants, 
metals, fats, and cosmetic residues, aiming to reduce harmful 
effects on hair fibers and the scalp that can be caused by contact 
with different substances. Thus, for the development of assets 
with this objective, it is crucial to understand the primary sources 
of exposure and their possible effects on the structure of the hair 
fiber.

Hair products claiming detoxification primarily aim to prevent 
or reduce the environmental impacts as previously described, 
thereby promoting the health and well-being of both hair and the 
scalp. They achieve this by promoting cleanliness, elimination, or 
reduction of impurities and dirt, thereby decreasing the interaction 
of these substances with hair fibers and the scalp. One of the critical 
mechanisms of products with this claim is the removal of particles 
and dirt, typically accomplished using surfactants. Surfactants are 
cleaning agents whose primary function is to reduce the adhesion 
forces (interfacial tension) between impurities/particles and 
hair fibers, facilitating their removal from hair strands and the 
scalp [38]. Another mechanism is removing metals from hair 
strands and the scalp to reduce the potential for photo-oxidative 
damage caused by transition metals such as iron and copper. 
This mechanism is achieved using ingredients with chelating 
properties, binding compounds containing two or more electron-
donating functional groups capable of forming structures with 
medications.

The formulation aims to reduce or eliminate the presence or 
accumulation of these metals, thereby inhibiting their catalysis to 
form free radicals. Some detox products also feature antioxidant 
actives such as green tea extracts, ginger, and vitamins C and E, 
which aid in reducing ROS. It is crucial for the antioxidant active 
to reach the cortex region for efficacy, and encapsulation with 
lipophilic systems (liposomes) can assist in the penetration of 
these actives into the hair structure. Products are also designed 
to reduce the contact and interaction of pollutants/metals with 
hair fibers and the scalp. They achieve this using hydrophobic 
film-forming actives that protect the hair, facilitating its removal 
when washed after exposure along with deposited pollutants/
substances, presenting a synergistic action with detox products.

The growing concern for the health of hair and the scalp has 
increased consumer demand for softer, shinier, more resilient 
hair with minimal frizz and no split ends [39]. Thus, detox action 
products become significant allies in maintaining cleaner, stronger, 
and healthier hair.

Conclusion

As the quest for healthier hair intensifies, understanding and 
addressing environmental sources of damage becomes essential. 
This mini-review article highlights the often-unnoticed threats 
posed by exposure to water with metal residues (hard and pool 
water), air pollution, and solar radiation, emphasizing their 
impact on hair fibers, especially combined. The complexities of 
damage, ranging from nano to macrostructural levels, underscore 
the need for preventive measures, as most of the studies describe 
the increase of reactive oxygen species formation that can 
potentialize the oxidative process in the hair fiber and scalp. Detox 
hair products emerge as pivotal allies, employing surfactants, 
chelating agents, and antioxidants to cleanse, eliminate impurities, 
protect, and reduce oxidative damage. With the consumer demand 
for softer, shinier, and resistant hair on the rise, more studies are 
necessary to evaluate the efficacy of the products with detox 
actions that play a crucial role in maintaining hair health in an 

increasingly urbanized world.
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