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Effect of the Atmospheric Exposome on the Skin
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Abstract: Environmental pollution is defined as contamination of the earth’s environment with materials which interfere
with human health, quality of life, or the natural functioning of the ecosystem. Whenever a prolonged and repetitive exposure
to environmental stressors exceeds the skin’s normal defensive potential, there is a disturbance in the skin barrier function
leading to the development of various skin diseases. Major air pollutants which affect the skin are polycyclic aromatic
hydrocarbons, volatile organic compounds, nitrogen oxides, particulate matter, cigarette smoke, heavy metals and arsenic.
Dermal uptake depends on the deposition of air pollutants on the skin surface, the composition of epidermal lipids, and

the diffusion through the epidermis to the blood vessels.
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Table 1. List of Studies That Looked at Exposure and Its Effect on

A A vA AR (particulate matter, PM), A]Z- 2-F(ground
level ozone), ©JAFSFAAx(nitrogen dioxide), ©|AFslE)(sulfur
dioxide) 5 4t 7] eH=Hol 7|zl Qick. 7]
A9 QA kEE 5 A, M v A TY 1R
SRl A BAE Qo] TRt B E AFE B9l 2
11%]31 QITK(Table 1).

theh Rk eeleas 7P e
2 =4 5 sholoi12]. vk Wk wheleae A
A9 tf7] F F-5 vAHA] ol S553113], redox-
cycling chemicals?l 71'd(quinines) = 2I5to] ZH/ika
Z(reactive oxygen species, ROS)-S AYAJSH}{14]. Q1A U
2 A=} Adglo] A9 B W 7|1, 53] Hef 4
sPrjollA HPAEIL1S]. tf7] 5 vhek Rk Tk
¢l #lz(a) ] H(benzo(a)pyrene) ©] =8 FH A Ay
ARsAF w7171, T 7, ofg AR, SRR A4y 4
A, d=, Bl 9471 9 ¢17] FolTq16].

LHozone)> EAIRFFOIA ot AL & 4 Qe oHE
22 02 ~ 1.2 ppm =2 ZAGHCH17). gj3EF o2 WA
= AARIA && 27t 7H =& EAloft &2 A
S} 7ol EAsk= 71A AlsAl(gaseous oxidant)©]
o dubdom xo] 0F s ot (R,
gl S 7 BRls Aaiskaat AoAkgsio] st
8} 2~ (photochemical smog)©] =8 2] o] FCY{18,19].

MM 7 1elRlES =IRIE, B S (aliphatic hydrocarbons,
ethyl acetate, glycol ethers, methylene chloride, acetone), X}5F
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Skin in Human Studies

Exposure Cohort information Effects Reference
Pingding (in northern China): N = 405 » 5 ~ 8% more severe wrinkle appearance on face
Solid fuels Taizhou (in southern China): N = 857 » 74% increased risk of having fine wrinkles on back [4]
Women between 30 and 90 years of age of hands
Traffic 400 Caucasian women aged 70 ~ 80 years » 20% more pigment spots on forehead and cheeks [5]
> A ti f facial signs including ski
Traffic 204 Chinese women aged 25 ~ 45 years sgravation o .some a}ma signs including skin [6]
structure and pigmentation
PM,s 400 Chinese women aged 40 ~ 90 years » Senile lentigo on cheeks and back of hands [7]
PM; 5 799 German women aged 73.5 + 3.9 » More facial lentigines [8]
» Pigment spots on forehead (12.5% more spots),

Chinese initial group: N = 874

inkl li 79 inkl
PMy s Chinese second group: N = 1,003 and wr}n e on upper lip (7.7% more wrinkle on 9]
upper lip)
German SALIA cohort: N = 806 ..
NO, Chinese Taizhou cohort: N = 1,072 » More lentigines on the cheeks [10]
Ozone 806 German women aged 66 ~ 79 years » Coarse wrinkles in the face [11]

1,207 German men and women aged 60 ~ 84 years
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(Adherence and Absorption of Air Pollutants)
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4, t7|LESEe| oy 7|1H
(Skin Irritation Mechanism by Air Pollutants)

grlogeae sinol st wol 7lx] oalsis
ABIAEAS STA TEE AR 7 (free
radicals)?} S AtaF2 ARt Ao ARgsto] 2 it
Aksl HE{lipid peroxidation reaction cascade)S o 7Ich
[31]. BAAAZLS H2u)7)] A& (pro-inflammatory
mediators) & Z7HAA B 9 AHES) HRS o)
3] o5 ThAl fiee radicals AVHROEN OREBH:
i) Ak} AmdAL BES AR mRALS
Zegslo] FHRF £ARS AU O 7131, activator protein 1 (AP-1)
3} nuclear factor kappa B (NF-kB) 5-2] ZHARIAZ 43}t
Al71aL, AEAGAE W Bslel 5 extracellular signal-
regulated kinases, c-Jun N-terminal kinases, p38 mitogen-
activated protein kinases@} -2 signaling pathway S 2154
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Shal QIei41]. BXAAEO] =42 matrix metalloproteinases
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Figure 1. Strategy of air pollutants to perturb skin barrier. Air pollutants including gases, metals, particulate matter (PM), VOCs,

PAHSs, microbes and allergens can penetrate the stratum corneum via skin appendages, an intercellular route, or a transcellular route.

These pollutants cause damage to the epidermal barrier by down-regulation of barrier proteins such as cytokeratin, filaggrin, and
E-cadherin. Oxidative damage from pollutants leads to increase of ROS, and the expression of pro-inflammatory cytokines and MMPs
through aberrant transcription factors contributes to skin damage such as the increase of wrinkles and pigmentation spots, pruritus,

acne, and atopy.
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