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Summary

Occupational contact dermatitises have a chronical evolution, due to absence of an early diagnosis and curative treatment.
Identifying the skin’s pH has many practical applications in screening methods, but also in the prevention area, being

demonstrated that a normal ranged pH is involved in protecting the skin from external aggresion. Therefore, changes in skin’s
pH level will lead to an altered skin barrier. In this sense, the risk awareness at workplace along with protective measures
(protective creams, work protective equipment) will reduce the incidence of irritant contact dermatitis.
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Introduction

In 1895 Josef Jadassohn described for the first
time the contact dermatitis in subjects exposed to
mercury. The contact dermatitises (CD) represent
4–7% of the total cases that requier dermato-
logist’s attention, represent > 50 % of the overall
occupational diseases and represent the forms
most commonly seen in terms of occupational
dermatitises. [1, 2]

Discussions

Contact dermatitis develops after a cutaneous
inflammatory reaction produced by the cuta-
neous cells (keratinocytes, Langerhans cells,
fibroblasts, mastocytes, macrophages, endo-
thelial cells) or leucocytes that adhere to tissue

injury and secrete proinflammatory mediators
such as cytokines and chemokines. The
cutaneous inflammatory reaction is triggered by
physical, chemical or biological factors. [3]

Contact dermatitises have a chronical
evolution, due to the absence of a curative
medical treatment and an early diagnosis.

Based on the underlying mechanism (allergic,
immediate reaction, late reaction or non-allergic),
etiology and clinical, histologic and molecular
aspects, there are three types of contact
dermatitises: irritant contact dermatitis, allergic
contact dermatitis and contact urticarial. [4]

Irritant contact dermatitises represent 80% of
contact dermatitises and they are mostly
occupational dermatitises. Despite there are
many different occupational triggers depending
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on the different workplaces that are known to be
an etiological factor, the irritant contact
dermatitises share the same pathogenic
mechanism, characterized by the activation of the
inflammatory innate immune response with
hyperproduction of cytokines, chemokines and
cellular polymorph infiltrate. The inflammatory
reaction appears after physical, chemical and
biological environmental factors that had altered
the skin barrier. [5]

Therefore, three main phases are identified in
the evolution of the irritant contact dermatitis
physiopathologic process: the alteration of the
skin barrier, the innate immune system activation
and the formation of the inflammatory infiltrate
at the affected site. 

The alteration of the skin barrier, first phase
of the physiopathologic process, involves
changes in one or multiple components of the
stratum corneum. 

The mechanical skin barrier is made of
corneocyes, protein rich cells and an “inter-
corneocyte adhesion” layer consisting of lipids
with a bilamellar disposition. The physio-
pathological processes can produce the
dysfunction of the proteins of the skin barrier
(keratin, involucrin, filaggrin and loricrin), lipid
solubilization and the disruption of the lipid
layer consisting of ceramides (sphingosine),
cholesterol, fatty acids(ensure water retention
and electrolytes) leading therefore to the increase
of the skin permeability and subsequently the
transepidermal water loss (TEWL = trans-
epidermal water loss). [6]

The second phase of the process is re-
presented by keratinocytes activation which
synthetizes IL1α and IL1β, IL8, TNFα, GM-CSF
and chemokines. The production and secretion of
the proinflammatory mediators in the extra-
cellular matrix will lead to the third phase of the
process: the “actual cell infiltration” due to the
migration of the Langerhans and local dendritic
cells in the epidermis, and the recruitment of the
systemic inflammatory cells (macrophages,
neutrophils, lymphocytes and mastocytes) at the
affected site that will amplify the inflammatory
cascade. [6]

Recent studies have shown that the highest
incidence of irritant occupational dermatitis is

not only determined by direct exposure to
irritants, but can also be determined by cases
where the skin is constantly traumatized or the
skin is exposed to wet environment under skin
occlusion conditions, producing tegumentary
hyperhydration and transepidermal water loss.
[7] 

For example, traumas secondary to repetitive
professional gestures performed with a certain
force on hard surfaces cause friction or abrasion
injuries; microtraumas due to glass fibers
handling, mechanically destroy the stratum
corneum, producing excoriation and leading to
pruritus due to nerve fibers irritation.

Taking in consideration the importance of the
physical factors that are associated with the
workplace in the alteration of the skin barrier and
the initiation of the pathological processes
leading to contact dermatitis, this article will
present the role of the skin’s pH in the occurrence
of the irritant contact dermatitis. 

Therefore, we are bringing physio-patho-
logical arguments regarding the influence of the
changes in pH as a trigger or an adjuvant factor
in the initiation of the inflammatory process, in
order to demonstrate that by correcting the skin’s
pH (often ignored) we can prevent or improve
the evolution of occupational irritant contact
dermatitis. 

At the skin level the pH is neutral at birth and
becomes acid during the first weeks of life. Under
normal circumstances, the skin’s acid pH remains
relatively constant with aging (above 70 years
old), with the exception of the axillary, inguinal,
submammary and interdigital regions, where the
degree of moisture is higher. The value of the skin
pH varies with sex and race: men tend to have a
superficial skin pH lower than females and a
higher level of hydration. Studies have shown
that in black population, the skin pH is even
lower than in white population, due to a higher
number of sweat glands and a hypersecretion of
acidic sweat fluid. [8]

The value of pH decreases from depth to
surface leading to a value of 7 under the stratum
corneum and decreases to 5 at the stratum
corneum’s surface. [9]



Factors that influence the cutaneous pH

The bicarbonate ion concentration in sweat
plays an important role in the production and
maintenance of an acidic skin pH. The sweat
initially formed in the secretory coil has a
concentration of Na+ ~ 145 mmol/L and the
concentration of CL– ~ 115 mmol/L. However,
during the ionic reabsorption processes the sweat
that reaches the skin surface has approximately
70 mmol/L Na+ and 80 mmol/L CL– . [10] If the
sweat production and passage through the re-
absorptive area (glandular duct) are increased,
the ionic reabsorption activity is lower, therefore
the bicarbonate level tends to increase. Instead, in
a low flow, the bicarbonate becomes practically
nonexistent in the sweat and the pH decreases. In
conclusion, sweat is more alkaline at higher rates
and more acidic at lower elimination rates. [11]

We could thus formulate the hypothesis, that
in workplaces which involve physical effort and
an increased rate of production and elimination
of sweat, the sweat’s acidity is decreased, leading
to an environment where saprophytic bacteria
can become pathogenic. This hypothesis provides
theoretical arguments, however will necessitate
an experimental validation.  

The maintenance of skin pH is conditioned
by exogenous and endogenous mechanisms
acting on the skin. The exogenous mechanisms
are represented by free fatty acid produced by
skin microbial flora lipases and pilosebaceous
glands and by lactic acid production in eccrine
sweat gland. [12, 13]

There  are three endogenous pathways
identified that are involved in establishing an
acidic pH in the stratum corneum: the urocanic
acid production (trans-urocanic acid converts to
cis isomer, under UVB ) from L-histidine through
the action of histidinase and pyrrolidone
carboxylic acid, derived from glutamic acid, free
fatty acids synthesis from phospholipids under
secretory phospholipase A2 (sPLA2) and an
antiporter mechanism (ions exchange) for
sodium-proton (Na+/H+) with a central role in
the cellular pH regulation. [9, 14, 15, 16, 17]

The role of the antiporter at the level of the
stratum corneum is the same as in other human
cells in maintaining the intracellular pH by
transporting the H+ ions in the extracellular
environment. [17, 18]

Other factors that influence the skin’s and
sweat’s pH are: serum pH, urea and ammonium
concentration and also carbonic anhydrase
activity and vacuolar-type H+ ATPase located in
the secretory part of the sweat gland. Increased
activity of carbonic anhydrase associated with a
decreased activity of the extracellular pH has
been associated with rapidly skin healing. [19]

The sebum fatty acids are also responsible for
maintaining an acidic pH, therefore changes in
the epidermal lipid layer increase the pH. [20]
Other contributors to the final composition of
sweat and pH are: epidermal ionic channels and
sebaceous and eccrine glands, amiloride-
sensitive sodium epithelial channels (ENaC) and
cystic fibrosis transmembrane conductance
regulator (CTRF) from sebaceous glands along
with the CI-/HCO3 antiporter and vacuolar
type-H+ATPase. ENaC, the main Na+ re-
absorption channel, is highly represented in the
skin, especially in the eccrine glands; a functional
deficit of this channel leads not only to a
transepidermal water loss but also to a cutaneous
hyperkeratosis and inflammatory processes
activation. [21-24]

CFTR (Cystic fibrosis transmembrane
conductance regulator) functional alteration
caused by mutations in the cystic fibrosis genes,
conducts not only to a loss of Na+, but also
bicarbonate, which is associated with an increase
of skin’s pH. [25]

Another major factor that may increase the
skin’s pH is the peripheral vascular stasis (PVD),
responsible for the alteration of the oxygenation,
cellular metabolism and the plasma extravasated
content. During stasis the elimination of the
catabolism waste products (lactic acid, CO2) is
reduced. [26]

The influence of cutaneous pH in irritant
contact dermatitis

An acidic pH of stratum corneum is essential
in maintaining the skin barrier intact, necessary
for antimicrobial defense, leading to develop-
ment of commensal flora (saprophytic flora) and
fighting against multiplication of pathogenic
germs. It also provides control of enzymatic
activities at the lipidic structure of stratum
corneum and skin regeneration. [9, 18]
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An effective skin barrier and acidic pH
ensures a normal lipid metabolism at this level
and optimal functionality of some key enzymes:
beta-glucocerebrosidase and acid sphingo-
myelinase. At an alkaline pH, the degradation of
this enzymes by serine proteases is accelerated
and the lipid components of the barrier are
altered. [20] At the same time the production and
also release of interleukins by keratinocytes is
increased. The synthesis of interleukins in
inflammasome is activated through the caspase 1
and the release of IL1α and IL1β by keratinocytes
is due to the activation of the serine proteases. All
these stages lead to an amplified inflammatory
reaction by recruiting local dendritic and
systemic cells.

The importance of the skin’s pH in irritant
contact dermatitis has been substantially debated
in relation to the “loss of function” mutations of
filaggrin gene, these type of mutations are
associated with an increased skin pH. Filaggrin is
normally produced as profilaggrin (400 Kda) by
the keratinocytes from the granular layer.
Profilaggrin (400 Kda) is a macromolecule which
contains 1–12 filaggrin monomers and is
deposited in keratohyalin granules. During the
evolution of the keratinocytes to corneocytes, by
profilaggrin dephosphorylation processes the
following are released: filaggrin monomers
(37Kda) and the N-terminal fragment. [27, 28]

Filaggrin mutations are associated with a
decrease in the number of filaggrin molecules
produced by keratinocytes resulting in decreased
levels of histidine and glutamine, amino acids
whose cutaneous origin is mainly from filaggrin.
[29] A decreased level of these amino acids leads
to a decreased production of the urocanic and
pyrrolidone carboxylic acids (natural moisturiz-
ing factors) and therefore to an increase of
stratum corneum pH. A decreased level of
natural moisturizing factors produces changes in
skin integrity. An alkaline pH leads to an
increased release of proinflammatory cytokines
and a decreased level of skin ceramides. [30]

The connection between alkaline pH and
irritant contact dermatitis is also sustained by
clinical data, not only by experimental research;
the subject with a more alkaline pH are more
susceptible of developing irritant dermatitis. [9]
An alkaline pH developed after exposing to

organic solvents which destroy the skin lipid
barrier will determine important changes in: lipid
metabolism and its enzymes (decreases the
activity of beta-glucocerebrosidase, acid lipases,
sphingomyelinase acid, phospholipases and
increases the activity of serine proteases).  

In addition a skin pH inclined towards
alkaline increases the susceptibility of metal
sensitivity (Co, Ni). In construction workers, lime
solution and cement slurry, strongly alkaline
products, determine irritant lesions and
significantly increase the incidence of contact
dermatitis in this industry. [31]

On a skin with preexistent lesions produced
by alkaline components and microabrasions,
exposure to chrome (Cr) and cobalt (Co) from
cement slurry can induce metal sensitivity ten
times faster than on a healthy and normal skin.
[32, 33]

Recent studies have shown that the highest
incidence of occupational irritant dermatitis is
found at wet-workers using occlusive protective
gloves. Depending on the skin’s pH, the release
of the components from the gloves’ chemical
structure is different: for example, the gloves
containing small amounts of chrome, will release
more Cr+6 (with highly allergic potential) at a
higher pH, and Cr+3 at an acidic pH. [34]

It has been proven that an exogenous
acidification of stratum corneum stimulates
epithelialization, therefore, the skin altered by
acetone products, for example, recovers faster in
an environment where strongly acidic buffers are
being used. [35, 36]

Cumulative toxic contact dermatitis is a
clinical entity described after repeated contact at
workplace with aqueous substances, such as
solvents, detergents, soaps, low acidic or alkaline
pH substances or on the contrary, with drying
skin factors (low air humidity, particles, etc.). [37]
Chronical development of the lesions is the result
of simultaneous action of several factors on skin
barrier alteration, which allow the exogenous
environment substances, especially liposoluble,
to penetrate the epidermis and initiate the
inflammatory process. In developing cumulative
toxic contact dermatitis, the cleaning products
used to clean the skin after being exposed are
those that generate an increased alkalinity which
overlaps the irritant effect of the substances that
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the worker was initially exposed to; therefore,
instead of cleansing the skin, and preventing the
irritant effect these cleansing skin products will
exacerbate the negative effects of exposure. In
general the lack of information and lack of
awareness at the work place, results in the use of
detergents along with industrial solvents to
remove the chemical skin contaminants, favoring
their penetration through the skin and
amplifying the risk of lesions appearance. [38]

How could this data impact the practice of
occupational medicine?

Identifying the role of pH in the balance of
cutaneous bacterial flora, in maintaining the skin
barrier intact, in the maturation and structural
integrity of the stratum corneum, has many
practical applications. 

First of all, measuring the skin’s pH could
represent a way of evaluating the workers risk,
particularly the ones with an eczema history.
Until now, this investigation is rarely used as a
screening method, although there is an inter-
national consensus, regarding skin’s pH
measuring at the workplace. [39] Measuring the
skin’s pH before and after exposure or at the end
of the work shift, could bring useful information
regarding the risk and the efficiency of the
preventing methods. 

Another important direction of pH appli-
cability is the prevention area in occupational
medicine, in choosing the right cleansing
products and skin barrier creams. Most of the
cleansing products are alkaline. The alkalinizing
effect of the skin’s pH, after using alkaline
products, appears rapidly and the pH will go
back to normal after many hours (6-8 hours).

Subsequently, after cleansing hands with soap
(for example, during lunchbreak), the exposed
person will gain a lower resistance to cutaneous
aggression for the whole worktime. Therefore,
whenever it is needed, a neutral or non-alkaline
soap will be chosen. [40]

As a general measure, the use of industrial
degreasing and cleaning products for working
tools should be forbidden for the cleansing of the
skin (degreasing or removing traces of the
substances on the skin).

In addition, if the risk of irritant contact
dermatitis occurrence is identified or if there are
people whose professional activity involves
frequent handwashing (leading to an increased
skin pH), it is advisable to use protective creams.
Employers and employees risk awareness along
with the correct use of protective creams have
shown effective prevention, that have
significantly reduced the incidence of irritant
contact dermatitis. [41, 42]

Conclusions

In conclusion, there are multiple fundamental
and clinical evidences, attesting that a normal
skin pH represents a protective factor against
skin’s contact with aggressive chemical sub-
stances. Especially in the occupational environ-
ment, where the contact with chemical sub-
stances is prolonged and repetitive, maintaining
the pH in a normal range is crucial. 

In this sense, a preventive attitude along with
the education of the exposed persons, as well as
the choice of individual protective measures,
represent the key factors for the effectiveness of a
multidisciplinary team in reducing the contact
dermatitis incidence.
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