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Synopsis

Negative health effects of active and passive smokers have been widely described, but the effect of tobacco 
smoke on the skin has been less explored. In this study, an analytical methodology has been developed to eval-
uate the dermal permeation of hazardous compounds present in tobacco smoke, using an exposition chamber 
to simulate finite and infinite smoking conditions, in vitro vertical Franz diffusion cells, and Strat-M® mem-
branes as human skin simulants. Moreover, the antipollution effect of three cosmetics has been evaluated, 
showing a significant efficacy to reduce dermal permeation of hazardous tobacco-smoke compounds such as 
of nicotine and aromatic hydrocarbons.

INTRODUCTION

Cigarette smoke is a complex mixture, consisting of thousands of compounds, many of 
which are known carcinogens, cocarcinogens, or tumor promotors (1). It is a dynamic 
mixture of sidestream and exhaled mainstream smoke resulting from combustion of cig-
arettes. Health effects of cigarette smoking are well known (2), but smoking effects on 
skin have been less studied. The presence of free radicals, both in the tar and the gas phase 
(3,4), converts the smoke into a highly reactive nature with potential damaging effects 
on the skin surface (5). It is known that cigarette smoking induces premature skin aging 
(6,7). The relationship between cigarette smoking and skin aging is supported with epi-
demiological studies and in vitro mechanistic evidence (8,9,10). It has been also evidenced 
that cigarette smoke can be associated with psoriasis (11).
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As a result of this concern, different antipollution products have recently irrupted in the 
cosmetic market (12). As complete avoidance of smoke pollution is impossible in ciga-
rette smokers, antipollution cosmetic products have three main mechanisms of action: 
i) prevention (film-forming ingredients or skin barriers), ii) protection (antioxidants to 
neutralize free-radicals), and iii) repair (13). To date, published in vitro efficacy methods 
for antipollution cosmetics are based on the effect of pollutants on the skin structure 
using human epidermal keratinocytes and reconstructed skin models (14,15), and human 
fibroblasts (16). Those procedures evaluate modifications suffered by the skin in presence 
or absence of cosmetic products; however, they do not evaluate dermal absorption of air 
pollutants through the skin.

In this sense, the Organization for the Cooperation and Economic Development has pub-
lished a series of guidelines for the in vivo (n. 427) and in vitro (n. 428) evaluation of der-
mal absorption of chemicals (17,18). Those procedures are based on the determination of 
absorption rates by passive diffusion using vertical diffusion cells. Using a similar approach, 
the dermal exposure of nicotine from liquid solutions (19,20,21), benzene from gasoline 
(22), and different organic compounds from pure liquids (23) have been evaluated.

The present study is focused on the development of an appropriate analytical methodol-
ogy for the evaluation of dermal absorption of different organic compounds from cigarette 
smoke, using in vitro vertical Franz diffusion cells and simulant human skin membranes 
to, on one hand, assess the effectivity of antipollution cosmetic products and, on the other 
hand, describe and evaluate the dermal absorption process of some well-known organic 
contaminants from cigarette smoke. In order to do that, a multi-pollutant approach sim-
ulating field exposition conditions at finite and infinite doses has been employed.

METHODS AND MATERIALS

REAGENTS AND MATERIALS

Benzene, toluene, ethylbenzene, o-xylene, m-xylene, p-xylene, chlorobenzene, styrene, 
p-cymene, limonene, naphthalene, acenaphthylene, 1-methylphenanthrene, 2-methylan-
thracene, and nicotine were provided by Scharlau (Barcelona, Spain) and Sigma-Aldrich 
(St. Louis, MO). Toluene-d

8
 and nicotine-d

4
, provided by Sigma-Aldrich, were employed as 

internal standards. Standards and working solutions were prepared in acetone (GC analysis 
grade) obtained from Scharlau. Methanol, ammonium acetate, and phosphate saline buffer, 
obtained from Scharlau, were used for mobile phase composition and LC standards prepara-
tion. Strat-M® membranes were purchased from Millipore (Temecula, CA).

American-blend cigarettes, containing approximately 50% Virginia, 37% burley, and 
13% oriental varieties, were obtained from local tobacco shops.

COSMETIC PRODUCTS COMPOSITION

Antipollution cosmetic A is a daily skin care cream (viscous emulsion) that protects from 
sunlight and blue radiation, preventing skin photo-ageing. This cosmetic product firms, 
smoothes, and reduces wrinkles, due to paracress plant extract. It is suited to sensitive 
skin because of the presence of active principles such as liquorice extract and bioactive 
molecules from stem cells from cotton (see Table I).

Purchased for the exclusive use of nofirst nolast (unknown)
From: SCC Media Library & Resource Center (library.scconline.org)



381SKIN PERMEATION OF HAZARDOUS COMPOUNDS

Table I
Composition of Cosmetic Products Evaluated

Cosmetic A Cosmetic B Cosmetic C

Water (% w/w) 60–65 50–60 70–75
Silicones (% w/w) 3.0 6.8 2.0

Dimethicone 1.0–3.0 5.0–6.0 2.0
Polysilicone – 0.8 –
Dimethicone-vinyl  
dimethicone crosspolymer

0.3 – –

Polymers including  
surfactants (% w/w)

3.8 6.6 6.3

Acrylates 0.3 0.7 –
Stearates 1.20 4.5 4.0
Carbomers – 0.15 0.3
Polyisobutene 0.5 0.5 –
Others 1.8 0.75 2.0

Emollients (% w/w) 9.6 12.4 8.4
Ethylhexyl isononanoate 2.0 4.0 –
Dicaprylyl carbonate – 3.0 4.0
Caprylyl glycol 2.0 0.1–0.3 –
Ethylhexyl olivate – 2–2.5 –
Olive oil unsaponifiables – 0.1–0.4 –
Cetearyl alcohol 1.45 – 2.0
Myristyl myristate – – 0.5
Collagen – – 0.1–0.5
Squalane 2.5 – –
Palmitic acid 0.5 – –
Others 1.15 2.64 1.65

Glycerine (% w/w) 5.0–10.0 5.0–10.0 5.0–10.0
UV filters (% w/w) 4.0 10.0 0.0

Ethylhexyl triazone 1.5–3.5 1.5–3.5 –
Butyl  
methoxydibenzoylmethane

1.5–3.5 2.0–4.0 –

Octocrylene – 4.0–7.0 –
Fillers (% w/w) 0.5–1.0 1.0 1.0–3.0

Talc 0.4–0.5 1 0
Mica 0.2–0.4 0 0
Silica 0 0 0.4
Silicates 0 0 2.2

Antioxidants (% w/w) 0.7 0.8 0.8
Xanthan gum (% w/w) 0.0005 0.0025 0.014
Others (% w/w) 5.0–6.0

Dunaliella salina  
extract

Acmella oleracea  
extract

Gossypium herbaceum  
callus culture

Glycyrrhiza glabra  
root extract

1.5–3.0
Gossypium herbaceum  

callus culture

1.0–3.0
Caesalpina spinosa  

fruit extract
Kappaphycus  

alvarezii extract
Lycium barbarum  

callus culture extract
Gossypium herbaceum  

callus culture
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Antipollution cosmetic B is also a rich texture cream (viscous emulsion) that welfares and 
protects the skin against external agents such as contamination, sun radiation (infrared, 
UV, and blue light) and antioxidant agents, increasing skin firmness and elasticity 
while intensely moisturizing. These properties for treating and preventing adverse 
environmental effects are provided by its combination of active principles including, 
vitamin C, peptides (carnosine and oligopeptide-1), alantoine, pantenol, and bioactive 
molecules from stem cells from cotton.

Antipollution cosmetic C is a lifting cream remodelling facial oval (viscous emul-
sion) that welfares and protects the skin against external agents, increasing skin 
firmness and elasticity. These properties for treating and preventing adverse envi-
ronmental effects are provided by its combination of active principles including, 
hydrolyzed collagen, and bioactive molecules from stem cells from cotton and Lycium 
barbarum and plant and algae extracts including Caesalpinia spinosa fruit and Kappa-
phycus alvarezii.

SIMULATION CHAMBER

A specifically modified closed enclosure model HZ08252, with 640 L internal volume, 
from Bruker (Billerica, MA) was used as simulation chamber (see Figure 1). Clean air 
was introduced at 2.0 L min−1 in the simulation chamber using a MPB1200 rotameter 
from MPB Industries (Kent, UK), calibrated by a high-volume bubble flowmeter. Two 
fans with vibration-dampening rubber corners, placed inside the chamber, assured air 
homogeneity. The simulation chamber was placed in a 50 m3 closed room, with con-
trolled temperature (25°C ± 1°C) and a fume hood system to avoid operator exposure to 
hazardous organic compounds from cigarette smoke.

Air monitoring devices were placed inside the simulation chamber to control air quality. 
An airflow multi-function anemometer TA465-P from TSI (Shoreview, MN), equipped 
with infrared spectroscopy technology, was used to measure CO

2
, CO concentration, tem-

perature, and relative humidity. A CEL-712 Microdust Pro from Casella Cel (Kempston, 
UK) with a photoelectric sensor was employed to determine the concentration of par-
ticulate materials (PM) suspended in air. An Airy Technology P311 (Stoughton, MA) 
equipped with laser particle counter was used to determine PM in terms of amount of 
different size particles and a PhoCheck Tiger from Ion Science (Laubach, Germany) to 
determine VOCs based on the use of a photo-ionization detector. All devices were previ-
ously calibrated and employed after stabilization.

SMOKING MACHINE

Smoking machine was built using a Laboports mini diaphragm vacuum pump, from 
VWR International (Radnor, PA), operating at 5.5 L min−1 flow rate. Vacuum pump 
was connected to three cigarettes using silicone tubing (10 mm internal diameter) and 
three-way hose fittings (see Figure 1). Inhaled smoke was flowed through a vacuum trap 
and reintroduced in the chamber. For dermal absorption experiments in finite conditions, 
the smoking machine was turned on and three cigarettes were simultaneously lighted up. 
Cigarettes were completely consumed after 10 min, providing a maximum exposure time 
of 40 min. On the other hand, for dermal absorption experiments in infinite conditions, 
three cigarettes were simultaneously smoked every 30 min, being 8 h the maximum 
exposure time.
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ABSORPTION STUDIES IN THE SIMULATION CHAMBER

In vitro dermal absorption studies were performed using modified vertical diffusion 
cells, following the Franz method (24,25). The atmosphere of the simulation cham-
ber acted as donor compartment, while 12 mL saline solution, containing 0.9% (w/v) 
NaCl and 0.15 M phosphate buffer (pH 7.4), was the receptor solution. Temperature 
was maintained at 25°C by control of the room temperature. Chamber temperature, 

B Smoking machine

A Simulation chamber

Figure 1.  Scheme of (A) the developed exposition chamber and (B) smoking machine used to perform 
dermal absorption studies of hazardous organic compounds from cigarette smoke.
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humidity, and PM and VOC concentration inside the simulation chamber were con-
tinuously monitored during all the experiments. Receptor solutions were continuously 
stirred using Teflon-coated magnetic stirrers. Strat-M® membranes (14 mm diameter, 
being the exposed surface of 0.7 cm2) were used in the modified vertical diffusion cells 
as skin simulants (26).

Effectiveness of the antipollution cosmetics was evaluated by homogeneously applying 2 
mg product per cm2 exposed membrane, being this side of the membrane in contact to 
the contaminated atmosphere. Control experiments were performed with the Strat-M® 
membrane at the same conditions without cosmetic application. The amount of hazard-
ous organic compounds present in the membrane and receptor solutions were determined 
after different exposure times.

DETERMINATION OF HAZARDOUS ORGANIC COMPOUNDS FROM 
CIGARETTES IN THE SIMULATION CHAMBER

The concentration of hazardous organic compounds inside the chamber was measured by 
active sampling using a low-volume personal air sampling TUFF Standard from Casella 
measurements (Bedford, UK), operating with a low flow adaptor at a flow rate of 40 mL 
min−1 for 5 min. Glass thermal desorber (TD) tubes, capped with perfluoroalkoxy-polytet-
rafluoroethylene (PFA-PTFE) ferrules, were obtained from Perkin Elmer (Waltham, MA). 
TD tubes were filled with 150 mg of Tenax TA (35–60 mesh) provided by Alltech (Selms-
dorf, Germany). Tenax was conditioned prior to sampling at 300°C during 2 h.

Active sampling pump flow was regulated using an ADM calibrated flowmeter (Agilent 
Technologies, Palo Alto, CA) before each sampling. After sampling, tubes were capped 
with PFA-PTFE ferrules and stored at −20°C until analysis. TD tubes were thermally 
desorbed using a Turbo Matrix series TD from Perkin Elmer coupled to a Trace GC-Polaris 
Q gas chromatography-mass spectrometry (GC-MS) detector from Finnigan (Waltham, 
MA), equipped with an Agilent HP-5MS capillary column (30 m, 0.25 mm, 0.25 μm).

Thermal desorption was carried out at 260°C for 20 min using a 75 mL min−1 helium 
flow rate and desorbed analytes were transferred to a Tenax cold trap at −10°C. A quick 
trap desorption was carried out at 270°C at 99°C s−1 and the analytes were desorbed and 
directly transferred to the chromatographic column, using a transfer line set at 275°C, 
with a helium constant flow of 0.8 mL min−1 and a split flow of 1:15. GC temperature 
program was 40°C, held for 8 min, increased at rate of 20°C min−1 up to 200°C, and held 
for 2 min. MS ion source and transfer line temperatures were set at 300°C and 250°C, 
respectively. Full scan acquisitions were performed using a mass range from 50 to 200 m/z.

Calibration curve was prepared in Tenax packed TD tubes spiked with 10 μL target ana-
lytes standard prepared in acetone, with a final added amount from 0.1 to 4.0 μg. Addi-
tionally, 10 µL toluene-d

8
 internal standard solution (10 mg L−1 in acetone) was added 

inside the Tenax tube. Table II shows m/z ions, retention time, and analytical features of 
studied compounds.

For the analysis of hazardous organic compounds absorbed in the synthetic membrane, 
a similar procedure was used introducing in TD tubes 25 mg of Strat-M® membrane. 
Calibration curves were prepared in TD tubes loaded with 25 mg of Strat-M® membrane 
and spiked with 10 μL target analytes standard prepared in acetone, with a final added 
amount from 0.1 to 4.0 μg. Additionally, 10 µL toluene-d

8
 internal standard solution (10 

mg L−1 in acetone) was added.
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HS-GC-MS DETERMINATION

Analysis of hazardous organic compounds in receptor solutions was performed using an 
Agilent 7697A head space (HS) injector, a 7890A GC, and a 53975C inert XL EI/CI 
MSD with triple-axis single quadrupole detector. Five milliliter receptor solution and 
200 ng mL−1 of internal standard (toluene-d

8
) were introduced in a 10-mL HS glass vial. 

HS vial was hermetically closed, heated at 60°C for 20 min, and HS was measured by 
GC-MS. Injector temperature was 250°C, employing 0.8 mL min−1 constant flow helium 
as carrier gas. Capillary column and GC oven temperature program were that previously 
described in TD-GC-MS analysis. Electron-impact ionization was performed at 70 eV 
and MS acquisitions using selected ion monitoring (SIM) mode.

LC-MS-MS

Nicotine determination in receptor solution was performed by LC-MS. An UHPLC-MS 
instrument model ACQUITY ® TQD, from Waters (Milford, MA), with a KINETEX 
C18 evo (50 x 2.1 mm, 1.7 µm) column, from Phenomenex (Torrance, CA). Mobile phase 
consisted of 50 mM ammonium acetate in water (A) and methanol (B). Gradient elution 
from 5% to 95% mobile phase B in 2 min was used with a flow rate of 0.4 mL min−1, a 5 
µL injection volume, and 30°C column temperature.

MS acquisitions were done using 3.5 kV capillary voltage, 120°C source temperature, 
300°C desolvation temperature, and 690 L h−1 desolvation gas flow rate. Multiple reac-
tion monitoring (MRM) conditions were adjusted for nicotine and nicotine-d

4
, being the 

transitions m/z 163 → 130 and 167 → 136, respectively selected.

Table II
Analytical Features, Including Selected Ions and Retention Time, of the Organic Compounds  
Determined in Cigarette Smoke by Active Sampling and Analyzed by TD-GC-MS and  
HS-GC-MS

Analyte Ions (m/z)
Retention  
time (min) Lineal range (ng)

LODa 

(ng)
LOQb 

(ng) R2

Benzene 77, 78 2.50   20–4,000 6 20 0.995
Toluene 91, 106 4.43   20–4,000 6 20 0.998
Chlorobenzene 112 7.63 200–4,000 50 170 0.978
Ethylbenzene 91, 106 8.57 100–4,000 30 100 0.997
m+p-xylene 91, 106 9.27 200–4,000 60 200 0.992
Styrene 116 10.62 500–4,000 150 500 0.984
o-xylene 104 10.65 200–4,000 50 170 0.994
p-Cymene 91, 117 13.40 350–4,000 100 330 0.985
Limonene 67, 93 13.47 200–4,000 60 200 0.999
Naphthalene 128 15.10   20–4,000 5 17 0.994
Nicotine 84, 133 16.30 200–4,000 50 170 0.989
Acenaphthylene 152 17.00   20–4,000 5 17 0.979
2-methylanthracene 192 18.32 100–4,000 25 83 0.996
1-methylphenanthrene 192 19.60 100–4,000 25 83 0.996

a Limit of detection
b Limit of quantification
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RESULTS AND DISCUSSION

IDENTIFICATION OF TOBACCO SMOKE COMPOUNDS INSIDE THE SIMULATION CHAMBER

Cigarette smoke is an aerosol consisting of small, gas-phase-suspended droplets with a 
complex chemical composition of over 8,700 identified constituents (27), but it has been 
estimated that the actual number may approach 100,000 (28). A vast amount of liter-
ature has appeared since 1950 on tobacco-smoke constituents (29,30,31). Compounds 
from cigarette smoke can be classified as neutral gases, carbon and nitrogen oxides, 
amides, imides, lactames, carboxylic acids, lactones, esters, aldehydes, ketones, alcohols, 
phenols, amines, N-nitrosamines, N-heterocyclics, aliphatic hydrocarbons, monocyclic 
and polycyclic aromatic hydrocarbons, nitriles, anhydrides, carbohydrates, ethers, nitro 
compounds, and metals (32).

The aim of this paper is not to provide a complete list of organic compounds from tobacco 
smoke but to demonstrate the usefulness of the simulation chamber to generate a pol-
luted atmosphere that represents a situation close to the real one. In this sense, Table III 
provides a list of the potentially identified organic compounds after active sampling 
of the simulation chamber air during the simultaneous combustion of three cigarettes 
using the developed smoking machine. Identification has been done by TD-GC-MS after 
comparison of the obtained MS spectra with those of National Institute of Standards 
and Technology (NIST, Gaithersburg, MA) Mass Spectral Library, containing more than 
300,000 MS spectra of organic compounds. Moreover, when possible, GC retention time 

Table III
Retention Time and Selected Ions of Identified Analytes from Cigarette Smoke  

Inside the Simulation Chamber

t
R 

(min) m/z Potential analytes

1.61 43 Isoprene
1.95 55, 56 1-nitropentane

2.02 41, 43
Trans cyclopent-1-en-3,5-diol
2-, 3-methylfuran

2.30 77, 78 1,4-cyclohexadien
2.52 77, 78 Benzene

2.82 43, 55
2-methyl-4-pentenal
Tetrahidro-4-methyl-3-methylenfuran

2.99 43, 79
5-methyl-1-hexin
4-isopropylcyclohexanol

3.08 95, 98 2,5-dimethylfuran
3.40 65, 66 Phenol

3.76 91
1-(1,3-butadienyl)-2-vinylcyclobutane
[(cyclohex-1-en-3-yl)methyl]benzene

3.99 79 Pyridine

4.21 68
5,5’-oxibis[(E)-1,3-pentadiene]
t-butyl acetylene
1S-(-)-N-(cyclopent-2-en-1-yl)hydroxylamine

4.43 91, 92 Toluene

4.61 77
5,5-dimethylcyclopentadiene
1-methylcyclohexa-2,4-diene

(Continued)
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t
R 

(min) m/z Potential analytes

4.78
2-[(methylsulfonyl)oxy]cyclohexyl methanesulfonate
1-bromo-3,4-dimethyl-2-pentene

5.15 41
(1-allylcyclopropyl)methanol
3,3-dimethyl-1,6-heptadiene
5-nitro-4-nonene

5.50 94, 110
2-isopropyl-furane
3-tert-butyl-1,5-cyclooctadiene

6.52 65,92
3-methylpyridine
Aniline

6.84 94 2-dimethylaminopyridine
6.84 94 p-Cresol
7.28 95 Furfural
7.55 77, 112 Chlorobenzene
8.57 91, 106 Ethylbenzene
9.27 91, 106 m-/p-xylene

10.62 78, 104 Styrene
10.65 91, 106 o-xylene

12.55 120
o-/m-/p-ethyltoluene
1,2,3-trimethylbenzene

12.65 104 3-vinylpyridine

12.96 120
Isopropylbenzene
1,2,4-trimethylbenzene
o-/m-/p-ethyltoluene

13.01 118 E-1-phenylpropene
2-propenyl-benzene
2,3-dihydro-1H-indene

13.40 91, 117 p-cymene
13.47 67, 93 dl-limonene
15.10 128, 129 Naphthalene
16.30 84, 133 Nicotine
17.00 152, 151 Acenaphthylene
17.55 41 Nonadecane
18.32 192 2-methylanthracene
19.60 192 1-methylphenanthrene 
22.82 121 Squalene

Table III.  (Continued)

of the identified peaks was compared with those of analytical standards prepared for this 
purpose. As it can be seen, the list includes isoprene, benzene- and aromatic-related com-
pounds, pyridine, aniline, styrene, terpenes, nicotine, and polycyclic aromatic hydrocar-
bons. From those compounds a selection of 15 compounds, including benzene, toluene, 
ethylbenzene, and xylenes (BTEX), chlorobenzene, styrene, p-cymene, limonene, naph-
thalene, nicotine, acenaphthylene, 2-methylanthracene, and 1-methylphenanthrene, 
were selected as representative compounds for further studies.

DESIGN AND EVALUATION OF THE SIMULATION CHAMBER CONDITIONS

Once representative compounds from cigarette smoke have been selected, the homoge-
neity of the simulation chamber atmosphere was assessed. In this sense, permeability 
experiments were carried out using Strat-M® membrane in the modified vertical diffusion 
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Franz cells placed at different locations inside the chamber (see Figure 2). An average 
concentration of 380 ± 40 ng cm−2 toluene was found in the synthetic membrane, deter-
mined by TD-GC-MS; while 13.9 ± 1.3 µg L−1 nicotine were found in the receptor 
solution, determined by LC-MS-MS. The obtained precision was appropriate, established 
as relative standard deviation (RSD) of five measurements (each corner and the center of 
the chamber), being lower than 10%. Thus, the placement of two electric fans inside the 
chamber assured a total homogenization of inner atmosphere, being adequate to perform 
dermal absorption studies in any position of the simulation chamber.

DERMAL ABSORPTION IN FINITE DOSE CONDITIONS

Finite dose experiment was carried out by the combustion of three cigarettes, which were 
consumed in approximately 10 min. Several parameters were monitored inside the expo-
sure chamber to evaluate the combustion process during the experiment, giving the next 
values. Temperature and relative humidity were almost unaffected with average values 
of 24.8°C ± 0.2°C and 40.1% ± 0.9%, respectively. VOCs, CO, and CO

2
 concentration 

background levels were 101, 0.45, and 1045 mg m−3, respectively, which increase to a 
maximum around 1200 s (20 min) of 8337, 130, and 3021 mg m−3, respectively, due to the 
cigarette combustion. With a similar profile, PM concentration background concentration 
was 0.01 mg m−3 that increased till 339 mg m−3. The concentration of target compounds 
in the chamber air was monitored by active sampling, at 5 min intervals, for a total time 
of 2 h. Figure 3 shows the concentration of nicotine, toluene, ethylbenzene, and p-cymene 
in the chamber air, selected as representative compounds. As it can be seen in Figure 3, 
the concentration profile shows a rapid increase of analyte concentration till a maximum 
at 15–20 minutes and later, a decrease in concentration at reduced speed. The reached 
maximum concentration values were 16.58, 3.15, 0.71, and 0.41 mg m−3 air for nico-
tine, toluene, ethylbenzene, and p-cymene, respectively. The average concentration of these 
compounds in the 0–30-min interval were 9.70, 2.07, 0.26, and 0.41 mg m−3, respectively.
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Figure 2.  Scheme of the modified vertical Franz diffusion cell and used in this study and results obtained 
from the five evaluated points inside the simulation chamber to evaluate air homogeneity.
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In vitro dermal absorption studies were performed using finite dose conditions, using 
control Strat-M® membranes without cosmetic (n=3) and membranes treated with a 2 
mg cm−2 homogeneous layer of cosmetics A, B, and C (n=3). Modified Franz cells were 
introduced in the chamber, the three cigarettes were burnt, and the cells remained in the 
chamber during 135 min. Then, the concentration of target analytes was determined in 
Strat-M® membrane and receiving solution of each cell. Additionally, a reagent blank was 
also analyzed to check the absence of contaminations.

The obtained concentrations in control experiments are shown in Figure 4 and Table 
IV. As it can be seen, nicotine was the only compound detected in the receptor solution, 
while much more compounds were detected in Strat-M® membrane, such as BTEX, sty-
rene, p-cymene, and limonene.

Nicotine concentration in the receptor solution increased with the time, reaching a maxi-
mum concentration value at 30-min exposure time (11.6 µg L−1). Under these conditions, 
the effect of the evaluated cosmetics after 30-min exposure clearly decreases the nicotine 
dermal absorption with concentrations of 7.9, 6.6, and 7.5 µg L−1 for cosmetics A, B, and 
C, respectively, indicating an antipollution effect over nicotine absorption (see Table IV).

Analysis of Strat-M® membrane in control studies after 30-min exposure provided 
concentrations of 90 ng cm−2 benzene, 160 ng cm−2 toluene, 55 ng cm−2 ethylben-
zene, 400 ng cm−2 m+p-xylene, 120 ng cm−2 o-xylene, 160 ng cm−2 styrene, 71 ng 
cm−2 p-cymene, 500 ng cm−2 limonene, and 2,500 ng cm−2 nicotine. In the same way, 
application of cosmetics A, B, and C provided a significant reduction of the amount 
of target compounds in the membrane (see Table IV), being the antipollution effect 
confirmed.

DERMAL ABSORPTION IN INFINITE DOSE CONDITIONS

Antipollution effect of cosmetics was also evaluated at extreme situations, using infinite 
dose conditions performed by the combustion of three cigarettes every 30 min for a total 
time of 8 h. Under these conditions, the concentration of cigarette smoke components 
remain at high concentration levels for a long time (see Figure 3). Active sampling was 
carried out for a total time of 4.5 h with 20-min intervals, providing an average concen-
tration after 30 min of 20 ± 5, 8 ± 2, 1.4 ± 0.3, and 0.7 ± 0.1 µg L−1 air for nicotine, 
toluene, ethylbenzene, and p-cymene, respectively.

In the same way, in vitro dermal absorption studies at infinite dose were performed for 
control and cosmetics A, B, and C, using modified Franz cells for an exposure time of 0.5, 
1, 2, 4, and 8 h. Benzene, toluene, and nicotine were detected after 1-h exposure time in 
the receptor solution of control tests (see Table V), with concentrations of 3.6, 4.8, and 
29.0 µg L−1, which increased to 24, 33, and 1,800 µg L−1 after 8 h exposition, respectively. 
Figure 5A shows the concentration in the receptor solution with time, indicating a lin-
ear uptake for nicotine, while benzene and toluene seemed to reach the equilibrium at 8 
h. Concentration found in Strat-M® membrane of control experiments showed a linear 
uptake (see Figure 5B and Table VI) that reached the equilibrium after 4-h exposure, 
with concentration of 540 ng cm−2 toluene, 340 ng cm−2 ethylbenzene, 410 ng cm−2 
p-cymene, and 49,700 ng cm−2 nicotine.

Table VI shows the target compound concentration in Strat-M® membranes treated with 
cosmetics A, B, and C. The effect of the cosmetic layer over Strat-M® membranes was a 
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significant reduction of target compounds concentration for short exposition times (1 and 
2 h). Nevertheless, the cosmetic effect was reduced with the time, being insignificant for 
8 h exposition time.

The antipollution effect of cosmetics A, B, and C at infinite dose has been evaluated by 
the determination of the concentration of target compounds in the receptor solution. As it 
can be seen in Tables IV and V, a reduced concentration was observed in cosmetic-treated 
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Figure 4.  Dermal absorption studies of selected hazardous organic compounds from cigarette smoke in finite 
dose conditions.
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experiments for 1 and 2 h exposure times. Cosmetic B reduced the concentration in the 
receptor solution 72% for benzene, 88% for toluene, and 29% nicotine, compared to 
control experiments. The effect of cosmetic C was similar with a reduced uptake of 67%, 
78%, and 29% for benzene, toluene, and nicotine, respectively. While the cosmetic A 
showed the less antipollution effect with a reduction in the uptake of 45%, 55%, and 
10% for benzene, toluene, and nicotine, respectively. However, the antipollution effect of 
the evaluated cosmetics was clearly reduced at exposure times higher than 4 h in infinite 
dose study. Nicotine uptake of cosmetic-treated membranes for long exposure times 
was almost similar to control experiments, indicating a saturation of the cosmetic layer 
with the pollutant compound. Nevertheless, antipollution effect remained for benzene 

Table V
Concentration of Target Compounds in the Receptor Solution after Different Exposure Times at Infinite 

Dose Conditions in Control and Cosmetic Studies

Exposure time (h) Analyte

Concentration (µg L−1 ± s)

Control Cosmetic A Cosmetic B Cosmetic C

1 Benzene 3.6 ± 0.4 2.4 ± 0.3 1.08 ± 0.11 1.35 ± 0.18
Toluene 4.8 ± 0.5 2.5 ± 0.3 <LOD a 1.0 ± 0.2
Nicotine 29 ± 2 25 ± 3 21 ± 1 19 ± 2

2 Benzene 9.9 ± 0.6 4.3 ± 0.5 2.8 ± 0.3 2.8 ± 0.4
Toluene 13.3 ± 1.2 5.1 ± 0.5 3.3 ± 0.4 3.0 ± 0.2
Nicotine 169 ± 15 159 ± 14 116 ± 11 129 ± 12

4 Benzene 15.9 ± 1.3 14.3 ± 1.6 6.5 ± 0.4 11.2 ± 1.5
Toluene 24 ± 3 23 ± 2 13.3 ± 1.1 15.6 ± 1.8
Nicotine 660 ± 60 660 ± 50 630 ± 50 640 ± 30

8 Benzene 24 ± 2 20 ± 2 13 ± 2 18.6 ± 1.6
Toluene 33 ± 3 28 ± 3 18 ± 2 23 ± 2
Nicotine 1,500 ± 200 1,600 ± 140 1,300 ± 120 1,400 ± 150

a Less than limit of detection

Table IV
Concentration of Target Compounds in Strat-M® Membrane and the Receptor Solution  

after 30 min Exposure at Finite Dose Conditions in Control and Cosmetic Studies

Sample Analyte

Concentration (ng cm−2 ± s)

Control Cosmetic A Cosmetic B Cosmetic C

Strat-M® Benzene 90 ± 8 50 ± 5 35 ± 4 37 ± 3
Toluene 160 ± 20 88 ± 9 101 ± 10 65 ± 6
Ethylbenzene 55 ± 5 40 ± 4 11 ± 2 23 ± 4
m+p-xylene 400 ± 30 110 ± 10 26 ± 3 46 ± 4
o-xylene 120 ± 15 54 ± 4 40 ± 3 30 ± 3
Styrene 160 ± 14 <LOD <LOD a <LOD
p-Cymene 71 ± 9 40 ± 3 26 ± 2 10 ± 2
Limonene 500 ± 50 480 ± 20 143 ± 13 <LOD
Nicotine 2,500 ± 200 1,600 ± 140 1,400 ± 150 1,400 ± 130

Receptor solution Nicotine (µg L−1) 11.6 ± 1.0 7.9 ± 1.0 6.6 ± 1.1 7.5 ± 1.1

a Less than limit of detection
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Figure 5.  Dermal absorption studies of selected hazardous organic compounds from cigarette smoke in 
infinite dose conditions.
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Table VI
Concentration of Target Compounds in the Strat-M Membrane after Different Exposure Times at Infinite 

Dose Conditions in Control and Cosmetic Studies

Exposure  
time (h) Analyte

Concentration (ng cm−2 ± s)

Control Cosmetic A Cosmetic B Cosmetic C

1 Benzene 227±9 110±3 93±2 98.3±1.5
Toluene 343±17 160±8 119±6 127±8
Ethylbenzene 140±7 54±3 46±3 48±3
m+p-Xylene 510±30 165±7 158±7 179±9
o-Xylene 140±7 65±4 54±3 52±3
Styrene 237±18 86±5 63±4 73±5
p-Cymene 122±6 68±4 35±2 40±3
Limonene 760±40 550±30 280±20 310±20
Nicotine 3,110±160 2,680±70 1,750±60 2,561±70

2 Benzene 332±18 285±18 225±17 253±12
Toluene 414±15 211±10 142±8 196±8
Ethylbenzene 194±8 86±7 67±5 75±6
m+p-Xylene 620±20 285±15 221±12 239±14
o-Xylene 163±7 87±7 64±5 67±5
Styrene 299±15 147±9 101±4 98±8
p-Cymene 187±8 110±8 64±5 60±5
Limonene 980±50 960±50 510±20 436±18
Nicotine 12,700±600 12,100±500 13,041±500 9,000±400

4 Benzene 460±20 310±18 285±19 320±20
Toluene 510±30 247±15 292±18 350±20
Ethylbenzene 290±20 164±7 157±7 178±7
m+p-Xylene 950±50 590±30 730±40 560±40
o-Xylene 230±12 148±6 102±5 178±8
Styrene 680±50 370±20 390±30 270±20
p-Cymene 353±18 204±12 168±6 153±6
Limonene 1600±100 1420±90 1430±110 1130±90
Nicotine 42,000±2,000 42,000±2,000 41,200±1,800 43,000±2,000

8 Benzene 490±20 480±20 479±18 490±20
Toluene 540±30 520±20 580±30 517±40
Ethylbenzene 340±20 311±18 224±15 337±19
m+p-Xylene 1150±60 1060±50 860±40 1180±50
o-Xylene 266±15 263±12 196±10 270±20
Styrene 890±40 750±40 570±30 844±40
p-Cymene 410±20 302±18 320±16 341±12
Limonene 2,000±150 1,980±140 1,800±150 1,900±160
Nicotine 50,000±2,000 50,000±3,000 52,000±2,000 52,000±2,000

and toluene, with a reduced concentration in the received solution of 53% and 45% for 
cosmetic B, and 26% and 33% for cosmetic C, respectively.

EFFECT OF COSMETICS COMPOSITION ON ANTIPOLLUTION EFFECTIVENESS

Surfactants and barrier-forming polymeric materials have demonstrated an important 
antipollution effect versus organic compounds (13,33). The concentration of surfactants 
and polymers, mainly polyacrylates, polystearates, and hydrophobic waxy polymers, in 
the evaluated antipollution cosmetics was 3.8%, 6.6%, and 6.3% (w/w) for product A, B, 
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and C, respectively. This difference in the composition of polymers provided significant 
differences in antipollution effectiveness against organic compounds, being cosmetics B 
and C, those with higher antipollution effect. Moreover, the percentage of silicones used 
in the formula, mainly as dimethicone, was also different for the evaluated cosmetics, 
with concentration values of 3.0%, 6.8%, and 2.0% (w/w) in antipollution cosmetics A, 
B, and C, respectively. Polydimethylsiloxane has been previously used as synthetic skin 
simulant in dermal absorption experiments (25), being demonstrated that increasing the 
width of the polydimethylsiloxane layer decreases flux and increases lag time of organic 
compounds through the skin. Thus, dimethicone could be responsible of the increase of 
the antipollution effect at long exposition times.

The addition of high-molecular-weight polysaccharides, such as xanthan gum, an anti-
pollution active principle with demonstrated effects against the adsorption of organic 
compounds [4], also increases antipollution effectiveness, even at very low concentration. 
Xanthan gum concentration of cosmetic C was 0.014% (w/w), while for cosmetics A and 
B was 0.0005% and 0.0025% (w/w), respectively.

Moreover, the presence of mineral particles in antipollution cosmetics, such as talc or 
silicates, adsorbs organic compounds in its surface (34,35) and, thus, it may improve the 
antipollution efficiency of cosmetic products. Percentage of fillers such as talc, silica, and 
silicates in antipollution cosmetic C was higher than that of A and B, which could also 
explain the increased efficiency of this product compared to A. 

In summary, the high antipollution effect of cosmetic B and C probably should be 
assigned to synergic effects of polymeric and surfactants, silicones, xanthan gum, and 
mineral particles, being the combination of all the aforementioned aspects the responsi-
ble of an efficient antipollution effect of cosmetic products B and C.

Previous in vivo studies, in which a method was developed to demonstrate the effect of 
antipollution cosmetic products against pollution generated by cigarette smoke included 
lipid peroxidation in human volunteers (36). The skin of the back of human volunteers is 
treated with the product under test, exposed to smoke, and then peroxidation of human 
sebum is assessed. Results confirmed that lipid peroxidation induced in human skin by 
cigarette smoke could be inhibited by topical antioxidants. Other in vivo and in vitro studies 
(37) demonstrated that the application of a face cream formulation containing a film-form-
ing exopolysaccharide prior to exposure to carbon particles significantly decreased particle 
adherence to skin in human subjects. Moreover, Unilever has recently found that the three 
main types of film formers, polysaccharide-, acrylate-, and resin-based, enhanced efficacy of 
cosmetics in preventing lipoperoxidation-based damage to the skin (38).

CONCLUSIONS

A versatile and adaptable analytical methodology has been developed to evaluate the der-
mal permeation of tobacco-smoke hazardous compounds from contaminated air. Perme-
ation experiments were carried out inside a specifically developed exposition chamber to 
obtain a representative concentration of tobacco-smoke pollutants. A machine was devel-
oped to simultaneously smoke three cigarettes, where inhaled smoke was reintroduced in 
the chamber. The designed manifold allowed to operate at finite and infinite conditions, 
with the single combustion of three cigarettes for a short-time exposition (around 40 
min) and the combustion of three cigarettes every 30 min for long-time exposition (8 h), 
respectively.

Purchased for the exclusive use of nofirst nolast (unknown)
From: SCC Media Library & Resource Center (library.scconline.org)



396 JOURNAL OF COSMETIC SCIENCE

Permeation of tobacco-smoke pollutants was monitored by control experiment using 
Franz cells and Strat-M® membranes, being nicotine the major pollutant present in 
both, Strat-M® membrane and receptor solution, with concentrations of 2.5 µg cm−2 
and 11.6 µg L−1 after a 30-min exposition, respectively. In the case of infinite exposi-
tion, nicotine concentration significantly increased to 50 µg cm−2 in Strat-M® mem-
branes and 1,500 µg L−1 in the receptor solution, after 8 h exposure. The effect of three 
antipollution cosmetics was demonstrated using the developed conditions, decreasing 
the permeation of BTEX, styrene, p-Cymene, limonene, and nicotine for exposures of 1 
and 2 h. In the case of longer exposure (till 8 h), antipollution effects of the evaluated 
cosmetics were insignificant, due to a saturation of cosmetic layer over the skin simu-
lant. Thus, antipollution cosmetics should be re-applied from time to time to provide 
a lasting effect.
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