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Abstract

Development of urbanization, transport, and industry contributes to a constant increase in airborne 
pollution levels worldwide. There are more than 2000 different chemical substances emitted into the 
air. Among air pollutants, particulate matters PMs, volatile organic compounds (VOCs), CO2, CO, NO2, 
sO2, ground-level ozone O3, metals, and persistent organic pollutants POPs have been found to exert 
harmful effects on human skin. The exposure to the increasing levels of air pollution may worsen skin 
problems and severe diseases in millions of people worldwide, leading to the growth of health care 
costs. Under permanent exposure to air pollutants, the redox homeostasis in skin cells is impaired. 
Airborne pollutants penetrating the skin activate a protein - aryl hydrocarbon receptor (AhR) and 
trigger a cascade of reactions in which high levels of reactive oxygen species (ROs) are generated. 
The redox imbalance modulates lipids peroxidation, oxidation of proteins, and DNA damage. Airborne 
stressors can be manifested as clinical dermatological problems, i.e. skin aging, imbalance in skin 
microbiota, increase in inflammatory reactions (allergy, acne, atopic dermatitis, eczema), or even cancer. 
Therapeutic strategies to counteract skin damage should be targeted at reducing free radical formation 
and scavenging free radicals in the skin cells. Moreover, the restoration of the skin barrier function 
and an increase in antioxidant reserves and reducing chronic inflammation are of great importance.  
A forward-looking area of research is then to fill the gaps about the effect of air pollutants on the skin, 
including skin carcinogenesis. 
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Introduction

Skin, the outermost layer of the human body, 
is continuously threatened by the harmful external 
environment. Therefore, one of the most critical 
functions of skin is to create a barrier against external 
stressors and serve sensation and metabolic functions 
[1, 2].

The major contamination types that are harmful 
to human health include water pollution, air pollution, 
soil pollution, light pollution, and noise pollution [3]. 
Among these, air pollution is particularly damaging to 
skin [4]. 

According to the World Health Organization (WHO), 
air pollution is contamination of indoor and outdoor air 
by chemical, physical, and biological agents that modify 
the neutral nature of the atmosphere [5]. several air 
pollutants are produced naturally (i.e. woodland fires, 
volcanic eruptions); however, most pollutants originate 
from human activity [6]. Among the well-known causes 
of anthropogenic air pollutants, there are industrial 
processes, i.e. coal-burning power plants, traditional 
house heaters, open waste burning, transport, and 
agricultural activity, i.e. application of fertilizers, 
herbicides, livestock farming, and rice paddies [5, 7, 8].

Air pollutants are classified as primary pollutants 
(emitted directly to the air) and secondary pollutants 
(formed by reactions involving primary pollutants 
and other atmosphere constituents) [8]. The chemical 
composition of air pollution depends on various factors, 
including climate, geographic location, topography, land 
use, and origin [9].

In the last decade, an increase in air pollution 
has been noted in many parts of the world [5]. For 
example, air pollution in the United states of America 
(UsA) has increased nationally since 2014, presumably 
reversing a decades-long trend toward clean air [10]. 
According to the European Union (EU) report, poor 
air quality caused 412,000 deaths in Europe in 2016 
[8]. Approximately 98% of the population in Asia and 
the Pacific region are exposed to contaminated air and 
99 of the 100 most populated cities in the world are 
located in Asia-Pacific countries, which reflects the air 
pollution of the transition phase of industrialization and 
urbanization within the developing countries [5]. 

Epidemiological data indicate that exposure to 
air pollutants can negatively affect many human 
systems (i.e. respiratory, nervous, cardiovascular). The 
latest evidence underlines that long-term or chronic 
exposure to air pollutants may bring various clinical 
outcomes i.e. breathing problems, asthma, chronic 
obstructive pulmonary disease, diabetes, hypertension, 
impaired heart rate variability, and inflammatory and 
dermatological diseases [11-14]. There is even evidence 
for an increase in daily mortality (2-3%) associated with 
high concentrations of airborne particles and gaseous 
toxins in several Western European cities [11, 13, 15].

The skin is recognized as a second (after the 
respiratory tract) most frequent route by which airborne 

particles and toxins can enter into the body [6, 16]. 
Even single contact of air pollutants with the skin may 
induce skin redness. Moreover, long-term airborne 
stressors can be demonstrated as clinical dermatological 
problems, i.e. skin aging, increase in inflammatory 
reaction, allergic and irritant dermatitis, eczema, acne, 
or even cancer [3, 4, 17-21]. For example, the frequency 
of atopic dermatitis has been gradually increasing over 
the last decades in Europe, in particular in children 
inhabiting areas with high levels of pollutants [22]. 

In addition to air pollutants, skin is subjected to 
solar ultraviolet radiation - UVA and UVB [23]. There 
is also evidence that combined effects of air pollutants 
and UV radiation can significantly increase the risk 
of skin cancer [24,25]. The excessive exposure to UV 
radiation brings profound risks to skin, i.e. atrophy, 
changes of pigmentation, wrinkling and malignancy 
[24]. UV radiation related molecular changes in the skin 
cells are linked to basal cell carcinoma, squamous cell 
carcinoma and malignant melanoma [23]. 

The aim of this review report is to understand the 
structure and function of skin layers that provide a 
cellular and molecular base for barrier function, skin 
homeostasis, and regulation of skin metabolism to 
protect against extrinsic environmental agents. The 
biology of the epidermis and the mechanisms by which 
airborne pollution interacts with the skin have been 
considered. Moreover, we have focused on the current 
state of knowledge of the association of air pollution 
with clinical manifestations of its harmful effects on 
the skin and to establish the possible link between air 
pollution and skin disorders.  

Material and Methods

The review protocol is based on references available 
in various databases: Annual Reviews, BioMed, BMJ 
Group, Central BMJ Group, Elsevier, Hindawi, Oxford 
Academic, NCBI, PubMed, scienceDirect, and Taylor 
& Francis. The keyword combinations included the 
following phrases: ‘air pollution’, ‘airborne pollution’, 
‘skin condition’, ‘skin structure’ ‘cutaneous/skin 
disorders’, ‘oxidative stress and skin’, ‘air pollution 
and reactive oxygen species’, ‘air pollution and skin’, 
‘environmental stressors and skin’, ‘pollution and aging’ 
‘pollution and inflammation’, ‘pollution and acne’, and 
‘pollution and atopic dermatitis’. In total, 128 relevant 
original and review papers have been reviewed to 
establish the possible link between air pollution and 
skin disorders.  

Functional structure and Biochemically Active 
Compounds of Skin

Skin is a multi-layered, highly specialized organ 
composed of the epidermis, the dermis (connective 
tissues), and the hypodermis (adipose tissues). There are 
also other structures, i.e. hair follicles, glands, nerves, 
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and lymphatic and blood vessels [26, 27]. The skin 
function is supported by direct communication between 
epidermal and dermal compartments through signaling 
pathways [28]. 

In humans, the epidermis is segmented into 
specific anatomic structures that represent particular 
physical, biochemical, and immune functions [27]. The 
organization of the epidermis is dynamic and its tissues 
are self-renewable [29, 30]. 

The epidermis is mainly composed of flatted non-
vascularized keratinocytes, i.e. keratin-producing 
cells. Keratin is an intracellular fibrous protein; it is 
most abundant in epithelial cells, in which the protein 
forms a network of structural intermediate filaments 
(IFs) [31]. Keratinocytes constitute at least 80-90% of 
the epidermis cells [27]. They differentiate from the 
cells in the basal layer and migrate to the surface of 
skin [32]. Keratinocytes are known to synthetize and 
secrete diverse peptides and free fatty acids to ensure 
skin barrier function [33]. According to their histology, 
four major sub-layers of keratinocytes have been 
distinguished [28]. From the outside to the inside, these 
layers are stratum corneum (sC), stratum granulosum 
(sG), stratum spinosum (ss), and stratum basale (sB).  

The stratum corneum (SC), i.e. the most superficial 
layer of the epidermis, represents a primary barrier 
to external agents and is a part of the first immune 
body defense [28]. The SC layer is based on cells 
and a matrix arranged in a “brick and mortar” model 
[34]. The “bricks” are composed of non-viable cells – 
corneocytes. These sC cells are generated from the 
cell-death products of the SG layer [28]. A classical 
apoptosis mechanism (called cornifications) is involved 
in the formation of sC [29]. Corneocytes are connected 
via corneodesmosomes (lamellar bodies; LB). The 
cells are surrounded by the “mortar” - a complex of 
lipids, proteins, glycoproteins, hydrolytic enzymes, 
and protease inhibitors [34]. These compounds 
are biochemically active and provide the physical 
barrier function of the skin [16, 35, 36]. The physical 
barrier protects the skin against water loss and forms 
a defense system against diffusion and infiltration  
of environmental pollutants into the epidermis 
[37]. The chemical complex of SC protects the skin 
against microorganisms [1, 38, 39]. Accordingly, with 
its configuration, the stratum corneum can act as 
a membrane that easily responds to environmental 
conditions [28, 30, 40].

stratum corneum (sC) lipids are mainly present 
in the extracellular matrix. They are composed of 
ceramids (50% of lipids mass), cholesterol (25%), and 
free fatty acids (15%) [28]. The lipids control water 
flux and regulate the degree of transepidermal water 
loss (TEWL) [41]. In the lipid mixture, squalene (a 
triterpene), which is an intermediate in the cholesterol 
biosynthesis pathway, is regarded as essential for skin 
lubrication [42]. squalene is recognized as the most 
sensitive molecule to singlet oxygen and induced 
peroxidation. 

Imbalances in lipid metabolism and transport cause 
serious problems in the epidermis barrier function and 
complications in maintenance of homeostasis [37, 43-46]. 
 SC proteins are mainly composed of loricrin making 
up ~80% of protein mass, small proline-rich protein 
constituting ~8%, and filaggrin accounting for 6% 
[47]. Involicrin, periplakin, and envoplakin have been 
identified as well [48]. All these proteins are involved 
in the barrier function of the epidermis [47-49]. A 
fundamental role in skin protection against the external 
environment (smog, UV, reactive oxygen species) is 
ascribed to filaggrin, i.e. a histidine-rich protein [50]. 
Filaggrin has filament aggregating properties and binds 
to keratin filaments [51]. Consequently, tight bundles are 
formed, and granular cells are disrupted [52]. Numerous 
studies have pointed out the significance of filaggrin in 
skin homeostasis [49, 53, 54]. In 2006, a gene sequence 
encoding filaggrin was identified [52]. Since then, 
abnormal expression of filaggrin protein has been noted 
under environmental oxidative stress [55, 56]. In murine 
models, overexpression of filaggrin was found to lead to 
a delay of epidermal barrier restoration [57]. 

Just beneath the sC, lies the stratum granulosum 
(sG) layer. It contains living cells with abundant 
keratohyalin granules in their cytoplasm [27, 28]. The 
sG cells form a barrier against soluble proteins, i.e. 
immunoglobulins and bacterial toxins [58]. The stratum 
spinosum consists of 8-10 layers of keratinocytes with 
a limited capability of cell division and Langerhans 
cells (at a ratio ~1:50 with keratinocytes). The 
Langerhans cells are responsible for immune response 
(inflammation/tolerance), preventing unnecessary and 
harmful immune activation [59, 60]. 

The stratum basale (sB) is the deepest epidermis 
layer composed of mitotically active stem cells that 
produce keratinocytes [26, 27]. The other cell types 
in SB are Merkel cells (function as sensory receptors) 
and melanocytes (cells producing the melanin pigment). 
Melanin is responsible for the skin and hair color and 
helps to protect the epidermis cells against the harmful 
effect of UV radiation [61]. The sB layer is separated 
from the dermis by the basal lamina [27]. 

The next skin layer beneath the epidermis is the 
dermis. The dermis is composed of dense irregular 
connective tissue and is organized into two layers: (i) the 
superficial papillary region and (ii) the deeper reticular 
dermis. The dermis contains also skin appendages, i.e. 
hair follicles, sebaceous glands (oil glands), sweat and 
apocrine glands, and thermo- and mechanoreceptors. 
These structures are important for thermoregulation 
and contact with the environment [26, 27]. The dermis 
is a vascularized (contains both blood and lymphatic 
vessels) and innervated skin layer.

The proper skin function and regulation of its 
homeostasis require constant communication between 
major skin compartments. The function and expression 
of skin molecules are under the control of cytokines 
and intercellular signaling molecules, which establish 
a complex of metabolic and signaling networks to 
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accomplish homeostasis and proper development of the 
epidermal barrier [25, 54, 59, 60, 62]. In normal skin 
state, cell growth and differentiation as well as tissue 
repair are in balance required for the normal biological 
function of skin [19, 50, 53].

Major Airborne Pollutants Harmful 
for the Skin

In terms of human health and skin condition, air 
toxicants exert harmful effects, depending on the time 
of exposure, gender, and age [1,63]. With regards to 
skin, there are four main categories of air pollutants (i) 
particulate matters – PMs, (ii) toxic gaseous pollutants, 
(iii) metals, and (iv) persistent organic pollutants – 
POPs [5, 9].

Particulate matters (PMs) are categorized according 
to their “aerodynamic diameter” as ultrafine particles 
– UFP (<0.1µm), fine particles - PM2.5 (<2.5 µm), and 
coarse particles - PM10 (<10µm). In the atmosphere, 
PMs form a complex of small particles and liquid 
droplets [9]. In addition, the surface of PMs can be rich 
in metals, acids, organic chemicals, and other transition 
elements, i.e. soil or dust particles [64]. 

PMs have been indicated among most serious 
air pollutants in Europe [4, 8]. In particular, fine-size 
airborne particles (PM2.5) originating mainly from 
traffic sources are extremely reactive towards epidermis 
[9, 21]. The toxic gaseous pollutants include volatile 
organic compounds (VOCs), CO2, CO, NO2, sO2, and 
ground-level ozone O3. Volatile organic compounds (i.e. 
benzene, toluene, xylene) are important elements, which 
play a crucial role in the formation of ground ozone. 
Moreover, ozone formation is favored by fine particulate 
matter and photochemical smog. Among metals, lead, 
cadmium, chromium, nickel, and zinc are the most 
frequent airborne pollutants [65]. There are reports of 
considerable toxicity of airborne metals on the skin 
[19]. Persistent organic pollutants POPs are a group of 
organic compounds, i.e. pesticides, dioxins, furans, and 
polycyclic aromatic hydrocarbons (PAHs) [5,9]. POPs 
that occur in air dust have highly bioaccumulative 
properties and can bind with cell macromolecules [21].

Among air pollutants, PMs, VOCs, and PAHs 
have been indicated as the most serious airborne 
contaminants in Europe [4, 8]. However, other air 
pollutants can induce chronic human health risks as 
well and have been recognized as extremely toxic to 
the skin [16]. In fact, contaminated air can contain 
over 2000 different chemicals and compounds that 
can strongly influence the development of serious skin 
pathologies [4, 6].

Mechanism of Air Pollutant Toxicity 
to the Skin 

It has been widely documented that air pollutants 
can use two pathways to enter the skin i.e. by direct 
contact of the stratum corneum or hair follicles with 

toxins or via an indirect way with the systemic blood 
distribution of inhaled toxins [66, 67]. Different 
studies have shown that the penetration of the skin by 
environmental pollutants involves the aryl hydrocarbon 
receptor (AhR) protein [68]. The protein has been found 
to be expressed on the surface of keratinocytes of 
stratum basale, melanocytes, and Langerhans cells [69].

Air pollutants (PMs, PAHs, metals, ozone) can 
easily bind to AhR, which triggers a cascade of 
reactions related to oxidative stress [70]. As a result, 
overproduction of reactive oxygen species (ROs) 
occurs. ROs are small reactive molecules containing 
oxygen (i.e. O2

-, OH, O3, H2O2). At physiological 
levels, ROs are generated as typical byproducts of 
the electron transport chain during mitochondrial 
respiration of aerobic organisms and are delivered from 
peroxisomal metabolism [71]. Moreover, at low levels, 
ROs production is in dynamic stability and mediates 
a number of significant cell functions [17]. In normal 
state, the skin is in redox homeostasis enhancing normal 
metabolism and cell proliferation, growth, repair, and 
restoration [72]. 

The ROs production is controlled by an integrated 
antioxidant defense system neutralizing the oxidation 
effects [72]. The major cellular antioxidants include 
enzymatic substances: superoxide dismutase (sOD), 
catalase (CAT), glutathione peroxidase (GPx), and 
DT-diaphorase enzymes. Moreover, non-enzymatic 
substances, i.e. carotenoids, ascorbic acids, vitamin E, 
glutathione, retinoids, albumin, uric acid, and bilirubin 
serve as scavengers of different forms of ROS [48, 73]. 

Indeed, it is increasingly being recognized that 
air pollutants (PM, PAHs, VOCs) may lead to an 
overall increase in intracellular ROS levels in skin 
cells through abnormal activation of nicotinamide 
adenine dinucleotide phosphate (NADPH) oxidases 
or cytochrome enzymes [42,74]. A permanent high-
ROS state provokes oxidation of major macromolecules 
(lipids, proteins), promotes depletion of antioxidants 
(Vit. E, cholesterol), and decreases the levels of 
squalene and the squalene/lipid ratio [73, 75].

Although the molecular mechanism by which ROs 
interfere with skin function is not fully understood, 
the disturbance in redox homeostasis in epidermal 
cells is recognized as crucial in skin cell damage 
[48,70]. Other investigations report a connection 
between macromolecules oxidation/peroxidation and 
various pathological skin states [74, 76]. Elevated 
ROs perturb the structure and dynamics of the 
cellular membrane, resulting in an increase in water 
permeability, a decrease in lipid bilayer thickness, or 
alteration in lipid membrane order and fluidity [77]. 
Generation of ROs induces protein oxidation, which 
prevents deoxyribonucleic acid (DNA) replication and 
transcription. In consequence, these processes increase 
the risk of DNA damage in epidermal keratinocytes, 
which leads to impaired cellular function [78]. 
Increased levels of ROs induced by PMs promote the 
replication of damaged DNA fragments and/or inhibit 



Human Skin Reflects Air Pollution... 3437

after chronic exposure to air pollutants, which results 
in skin dryness [87]. The efficiency of penetration of 
environmental particles into the skin depends on their 
diameter [67]. In the group of airborne pollutants PMs, 
especially small-size particles (PM2.5) are highly 
reactive towards skin and can directly interact with 
the outer parts of the epidermis (stratum corneum) 
and affect the function of melanocytes in the stratum 
basale [84]. There is cumulative evidence that the 
combination of air pollutants with UVA escalates visible 
photodamage in the dermis [24]. 

Environmental metals, i.e. iron (Fe), nickel (Ni), 
chromium (Cr), copper (Cu), zinc (Zi), and arsenic (As) 
usually adhere to particulate matter [88]. Typically, 
PM2.5 include approx. 11-16% of metal nanoparticles 
(size <0.1µm). These molecules can generate ROS and 
induce oxidative damage to skin cells [89]. Via the 
oxidative route, nanotoxins can induce apoptosis and 
cancer [90].

Ground-level ozone (GLO; O3) is another molecule 
that can induce oxidative stress in skin cells [3, 6, 91]. 
It is produced in a chemical reaction between NO and 
VOCs [25, 92]. At concentrations that occur in many 
polluted areas, ozone induces a variety of harmful 
effects in humans. Its high toxic effect on the skin 
has been demonstrated in various studies [93, 94]. 
The molecule acts through oxidation of unsaturated 
fatty acids. Moreover, ozone leads to depletion of skin 
lipophilic (i.e. approx. 70% decrease in Vit. E) and 
hydrophilic antioxidants (i.e. Vit. C, urate) [73, 95]. 
High levels of ground ozone are also linked to the 
reduction in filaggrin, collagen, and elastin proteins 
[86]. 

Finally, the development of pathological skin 
conditions under air contamination is complex and 
involves autoimmune inflammation or activation 
of allergic inflammation [40]. Toxic activity of air 
pollutants on the skin was presented in Fig. 1.

repair mechanisms, resulting in DNA mutations [79]. 
Nevertheless, numerous studies have shown that the 
imbalance in ROs initiates abnormal metabolism of 
skin cells and can induce skin inflammation. Finally, the 
cell immunity and cell repair capacity are decreased, 
which can promote carcinogenesis [80]. At present, it is 
increasingly being recognized that cellular response to 
elevated ROs is a complex process involving both rapid 
and delayed biochemical reactions to exposure to redox 
stressors [77]. 

Remarkably, ROS generated upon skin contact 
with air pollutants stimulate protein kinases 
that phosphorylate the activator protein 1 (AP-1) 
transcription factor, which in turn results in 
upregulation of matrix metalloproteinases (MMPs) 
contributing to degradation of skin collagen [81]. More 
studies have also reported that air pollutants upregulate 
the levels of proinflammatory cytokines (tumor necrosis 
factor-α: TNF-α, interleukins: IL-6, IL-1α) in epidermis 
keratinocytes, leading to infiltration of activated 
neutrophils and phagocytic cells [69, 82, 83]. Chronic 
cytokine oversecretion may modify the function of 
skin proteins involved in the formation of the stratum 
corneum, i.e. loricrin and profilaggrin/filaggrin, thereby 
causing degradation of the physical barrier of the skin 
[38, 50, 52]. High cytokine levels contribute to a general 
inflammatory response and tissue damage [40, 62]. 

The airborne PMs, VPCs, and NO2 pollutants lead to 
an increase in cytokines in keratinocytes and oxidation 
of molecules in the stratum corneum [83]. It is generally 
assumed that exposure to these airborne particles and 
molecules can induce irreversible changes associated 
with various pathologies in both the epidermis 
and dermis [79, 84]. Importantly, environmental 
stressors change the molecular and physiological skin 
characteristics and modify the appearance and structure 
of skin [4, 56, 80, 85, 86]. There are many lines of 
evidence for an increase in transepidermal water loss 

Fig. 1. Toxic activities of air pollutants on the skin.



Denisow-Pietrzyk M.3438

Clinical Manifestations of the Effect of Air 
Pollutants on Skin 

In the epidermis, hazardous air contaminants induce 
destructive effects in the stratum corneum and result 
in modifications of the skin dermis [44, 54]. Permanent 
production of ROS under exposure of the skin to 
air toxins causes secretion of cytokines and cellular 

dysfunction. In consequence, breakdown of the skin 
epidermal lipid barrier is observed and a number of 
abnormal conditions, such as skin aging, imbalance in 
skin microbiota, inflammatory skin diseases, and skin 
cancer can be initiated [22, 77, 96-101]. Skin pathologies 
resulting from the air pollutants uptake with the damage 
mechanism are presented in Table 1.

Table 1. Summary of the association between air pollutants and skin pathologies.

Pollutant source Mechanism of skin damage Skin effect and clinical 
manifestation References

Particulate matters – 
PMs

Forest fire, cooking, 
biomass burning, diesel 

engines, road dust, 
industrial processes

↑ ROS
↑ IL-6
↑ IL-1
↑ IL-8

↑ inflammation
↑ keratinocytes apoptosis

↑ MMP-1, MMP-3
↓ keratinocytes proliferation

↓ collagen synthesis
↓ filaggrin synthesis

Irritation, inflammation, tissue 
damage, skin dryness, effect on 

the function of 
melanocytes, acne, atopic 

dermatitis, collagen 
destruction, aging, hair loss, 

impairment of skin t
hermoregulation 

[4, 5, 8, 9, 
91]

Volatile organic 
compounds – VOCs

Aircraft emission, 
household products, chemi-
cals, paints, cigarette smoke, 

fragrances

↑ ROS
↑ IL-6
↑ IL-1

Irritation, inflammation, tissue 
damage, skin dryness,  acne, 

atopic dermatitis, cancer 
initiation

[5, 9, 21, 
65]

CO2, CO

Fossil-fuel, vehicle 
emission CO include 

fuel-burning devices, such as 
automobiles, power genera-

tors, and boilers

↑ ROS
↑ IL-6
↑ IL-1
↑ IL-8

↑ inflammation

Acne, atopic dermatitis [5, 9, 21]

Nitrogen dioxide (NO2)
Wood burning, vehicle emis-

sion, waste burning 

↑ ROS
↑ IL-6
↑ IL-1

Inflammation, tissue dam-
age skin dryness, acne, atopic 

eczema 
[5, 9, 83]

sulfur dioxide (sO2)
Vehicle emission, fuel incin-

eration, 
crude oil and coal

↑ ROS
↑ inflammation

Irritation, inflammation, 
changes in pigmentation, col-

lagen destruction
[5, 9, 21]

Ozone (O3)
Product of VOCs and NOx 
with UV-photoactivation  

interaction

↓ collagen synthesis
↓ filaggrin synthesis
↓ elastin production

↓ Vit. E and C
↓ urate

Irritation, inflammation, tissue 
damage, skin dryness, acne, 

atopic dermatitis
[5, 6, 9]

Environmental metals, 
i.e. iron (Fe), nickel 

(Ni), chromium (Cr), 
cooper (Cu), zinc (Zi)

Battery manufacturing, 
waste burning, aircraft 

industry, minerals, metal 
refineries

↑ ROS
↓ Vit. E and C

Irritation, inflammation, 
allergy, cancerogenesis  [64, 65]

Persistent organic com-
pounds – POPs

Herbicides, pesticides, forest 
fires, industrial processes 

↑ ROS
↓ Vit. E and C

↑ NADPH
↑ oxidases

Irritation, inflammation, tissue 
damage, atopic dermatitis, 

allergy, cancer
[45,46,55] 

Polyaromantic 
hydrocarbons – PAHs

Vehicle emission, cigarette 
smoke, forest fire, grilling

↑ ROS
↓ Vit. E and C

↑ NADPH
↑ cytochrome enzyme 

Irritation, inflammation, 
allergy eczema [40, 73, 84]

Abbreviations: IL-1α: interleukin 1α, IL-6: interleukin 6, IL-8: interleukin 8; MMPs: matrix metalloproteinases; ROS: reactive 
oxygen species; NADPH: nicotinamide adenine dinucleotide phosphate 
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Skin Aging 

The link between skin aging and air pollution 
has been widely discussed [73, 102-105]. A cohort 
study published by Vierkötter et al. [21] pointed out a 
considerable increase in skin aging in women exposed 
to airborne pollution exceeding the levels considered 
safe for health, compared to those who inhabited clean 
areas. strong correlations have been noted between 
exposure to traffic-related particles, tobacco smoke, 
and skin conditions [106]. These findings suggest that 
the skin of inhabitants of polluted areas looks thinner 
and may have age-associated reduced responsiveness 
to growth factors (i.e. epidermal growth factor - EGF). 
In the Chinese population, the increase in formation of 
wrinkles was associated with exposure to PM2.5 and 
NO2 [107]. Research across Caucasian and East Asians 
populations has shown that chronic exposure to traffic-
related air pollutants is manifested by deep wrinkles on 
the forehead, upper lip, dorsum of hands, and nuchae 
[108]. Several studies have reported that extrinsic skin 
aging signs are more frequent in areas with high ground-
level ozone levels [40, 41, 85]. Furthermore, it has 
been documented that long-term exposure to airborne 
pollutants can increase the number of age-associated 
pigment spots [109]. The airborne pollution-induced 
increase in the degree of age-associated pigmentation 
was higher after long-term exposure to PM2.5 than to 
PM10 [88, 108]. Moreover, association between NO2 
exposure and pigment spots has been well-established 
[108]. Changes in skin pigmentation can be worsened by 
traffic-related toxins, which may significantly influence 
the function of melanocytes [21]. Hair loss is reported 
among the negative effects of skin premature aging 
related to airborne pollution [101]. Exposure to airborne 
toxins can cause a cumulative skin injury associated 
with long-term deterioration of dermal elasticity 
related to the decrease in the quantity of collagen and 
fibroblasts, which may worsen and accelerate skin aging 
[40, 43, 47]. Clinical manifestations of air pollutant 
stress in aging skin include xerosis of the epidermis [73, 
103, 105].

Imbalance in Skin Microbiota 

Resident microbes found on the skin form persistent 
bacterial ecosystems and play an important role in 
supporting homeostasis and preventing the growth 
of harmful microbes [38, 110]. The human skin 
microbiota includes ca. 1000 bacterial species [111]. 
More advanced studies have found that skin microbes 
can produce antimicrobial proteins that activate the 
immune response of keratinocytes and prevents 
proliferation of skin pathogens [112]. Therefore, the 
balance in microbiota is necessary for maintenance of 
skin health. Numerous studies have shown that chronic 
contact with airborne pollutants undoubtedly disrupt the 
equilibrium of the skin microflora, causing a decrease 
in the number of microbial species [100, 110, 113]. For 

example, ground ozone reduces resident microbiota 
colonizing the skin by 50% [114]. PMs can also change 
the skin microbial community and/or modify its 
metabolism. As reported by sowada et al. [115], organic 
molecules present in the atmospheric air can serve as 
carbon sources for the skin microbiota, i.e. polycyclic 
aromatic hydrocarbons are subject to complete or partial 
degradation. In consequence, the level of intermediates 
and excreted metabolites increases, and even activation 
of carcinogens is possible [80]. However, it should be 
underlined that our understanding of the association 
of air pollution with skin microbiota is still poor and 
requires further detailed investigations.  

Inflammatory Skin Diseases – Acne 

A number of studies have revealed that permanent 
exposure of skin to air pollutants with high levels 
of NOx and CO combined with climatic factors 
(low monthly relative humidity) can escalate the 
symptoms of inflammatory skin disorders [97,105]. 
Airborne toxins are known to disrupt the skin barrier 
function and increase the production of several pro-
inflammatory chemicals, promoting inflammation [116]. 
Recently, several lines of evidence for the increase in 
acne cases in the Asian population exposed to elevated 
concentrations of air toxins have been reported [104]. 
In particular, air contamination with PM2.5, PM10, 
and NO2 can cause exacerbation of acne symptoms 
[110, 116]. Interestingly, no such effects were noted in 
patients from areas with high levels of airborne sO2 
[116]. There are reports indicating that the sebum levels 
in acne patients living in polluted urban areas are higher 
compared to those living in less polluted environments 
[94, 116]. In the Shanghai area, intensified symptoms 
of acne are reported during days with elevated levels 
of particulate matters [94]. Air pollution with PMs, 
POPs, and gaseous and metal toxins damage the skin 
and, together with the accumulation of particles and 
chemicals on the skin surface, may simply aggravate 
acne symptoms [19]. This is related to disturbance in the 
skin barrier and disequilibrium in the skin microbiome, 
which results in proliferation of Propionibacterium 
acnes, i.e. a bacterium involved in acne inflammation 
and pathogenesis. As a result, acne lesion progression is 
observed [117]. 

Inflammatory Skin Diseases - Atopic Dermatitis 
and Eczema 

Another inflammatory skin disease is atopic 
dermatitis. Airborne pollution is regarded as an 
important environmental factor for the prevalence of 
atopic dermatitis and other allergic skin symptoms 
[118]. There is ample evidence that skin exposure 
to airborne pollutants can specifically increase 
symptoms of atopic eczema. For example, a link was 
found between the levels of PM10, NO2, and sO2 and 
eczema signs in Chinese patients [105]. Furthermore, 
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the manifestation of eczema symptoms correlates 
with certain environmental factors, such as relative 
humidity. Furthermore, the disease manifestation may 
differ considerably according to the region and season 
[119]. A similar correlation was found in Italian and 
Belarusian surveys [120, 121]. Data from meta-analysis 
unequivocally support the suggestion that there is  
a close link between air pollution and skin problems, 
including atopy [122]. In French children, atopic 
dermatitis was considerably associated with higher  
than normal concentrations of PM10, NO, and CO 
[118]. However, atopic dermatitis symptoms induced  
by air pollution can differ relative to the age  
and gender [22]. Another study showed a significant 
effect of VOCs in atopic dermatitis patients who 
suffered from skin dryness after exposure to VOCs. 
Presumably, the effect was associated with increased 
transepidermal water loss related to destruction of the 
skin barrier function. Skin eczema can be intensified 
by absorption of airborne metal molecules by the skin 
[123]. 

 
Skin Cancer 

Carcinoma is one of the most severe environment-
related skin pathologies [124]. The main environmental 
risk for skin cancer is UV radiation [23, 102]. Besides 
UV radiation, PAHs and metals are the major 
carcinogens related to air pollution [80, 125]. Even in 
concentrations below harmful toxic levels, PAHs can 
interact with UVA, generating ROs and contributing to 
the risk of cancer [24]. There is evidence that he long-
term skin exposure to PAHs increases the risk of cancer 
[126]. Among POPs, PAHs are lipophilic and can easily 
infiltrate skin cells, binding to DNA and causing its 
damage [19]. Hence, these air pollutants are recognized 
as mutagens and/or carcinogens [124, 127].  Airborne 
metals are not biodegradable; they remain in cells for 
a long time and act as genotoxic agents, impairing the 
skin DNA repair capacity [128].

Conclusion 

Air pollution is among major environmental health 
risk. Skin as an external barrier of the human body stays 
in direct and continuous contact with the environment 
and its pollutions. Skin pathologies not only result from 
internal disturbances in body metabolism and processes 
but also reflect air pollution. There is considerable 
evidence that air pollution increases oxidative stress 
in skin cells. The peroxidation/oxidation of specific 
skin macromolecules (lipids, proteins) brings important 
consequences at various levels and clearly leads to 
cytotoxic, pro-inflammatory, and immunological 
events, accelerates the skin ageing process, and causes 
imbalance in skin microbiota and skin disorders, i.e. 
inflammation (acne, atopic dermatitis, eczema), or even 
cancer. 

However, there are no clear guidelines established 
for protecting the skin against airborne pollutants. 
The main strategy should concentrate on reducing the 
exposure, followed by restoration of the skin barrier 
function and an increase in antioxidant reserves. 
The treatment should also focus on reducing chronic 
inflammation. A forward-looking area of research is 
then to fill the gaps about the effect of air pollutants on 
the skin, including skin carcinogenesis. 
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