
 

 

  
Abstract—UV radiation has important biological consequences 

to the skin and photoprotection is therefore highly important. 
Topically applied sunscreens containing zinc oxide as UV filter 
belong to the group of potentially used photoprotective agents. In this 
study we have focused on the behaviour of ZnO in nanoform in 
cosmetic products. With regard to zinc oxide nanoparticles, there is a 
lack of reliable data on the percutaneous absorption of these particles. 
Therefore the ability of ZnO nanoparticles from commercial 
emulsions to penetrate skin layers was studied using dermal 
absorption procedure. Two methods were used for ZnO 
determination in commercial fat bases: spectrophotometric method 
and atomic absorption spectroscopy (AAS). Results showed that data 
obtained by AAS are very close to the actual ZnO content in 
commercial samples and therefore this method seems to be suitable 
for ZnO determination in cosmetic products. Contrary to AAS, 
spectrophotometric procedure is more problematic with a greater 
tendency to provide values higher than actual. According to the 
dermal absoption procedure it was found, that the majority of ZnO 
remains on the skin surface and do not enter the viable skin parts. 
 

Keywords—atomic absorption spectroscopy, dermal absorption, 
nanomaterials, spectrophotometry, zinc oxide 

I. INTRODUCTION 
unlight is composed of a continuous spectrum of 
electromagnetic radiation that is divided into three main 

regions according to its wavelength: ultraviolet, infrared and 
visible light. The sunlight´s composition at ground level 
consists of about 45% infrared light, 50% visible light and 5% 
ultraviolet (UV) light. Although the UV region represents only 
minor part of sunlight, it causes a wide range of adverse effect 
on human skin and health, such as erythema, inflammation, 
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immunological or morphological changes, photoaging or skin 
cancer [1]-[3]. 

UV radiation comprises the wavelengths from 200 to 400 
nm and is arbitrarily subdivided into short-wave UVC (200 - 
290 nm), mid-wave UVB (290 - 320 nm) and long-wave UVA 
(320 - 400 nm). The energy carried by each portion of the 
spectrum is inversely related to wavelength. Since the depth of 
penetration of UV radiation into skin increases with an 
increasing wavelength, UVC with the highest energy is the 
most biologically damaging. However UVC radiation is 
effectively filtered out by the stratospheric ozone layer and its 
role in pathogenesis of human disease is minimal. UVA and 
UVB radiation both reach the earth´s surface in sufficient 
amounts to have important biological consequences to the skin 
[4]-[7]. 

UV irradiation of human skin activates a complex sequence 
of molecular responses that damage skin connective tissue. To 
exert its biological effect, chromophores in the skin must 
absorb UV radiation. Depending on the chromophore type, 
absorbed energy may cause direct chemical modification of the 
chromophore itself, or the energy may be transferred to 
another molecule which undergoes chemical modification [8]. 
UVA light primarily acts indirectly through generation of 
reactive oxygen species (ROS), which subsequently can cause 
lipid peroxidation, activation of transcription factors and 
generation of DNA-strand breaks. While UVB light may also 
generate ROS, its main mechanism of action is the direct 
interaction with DNA, i.e. cross-linking of adjacent 
pyrimidines. UV absorption and ROS-mediated photochemical 
reactions are the basis of photoaging, i.e. aging of skin 
attributed to continuous, long-term exposure to UVA and 
UVB radiation [1], [3], [5], [8]. 

The above mentioned deleterious effects of UV radiation 
make protective measures necessary. Topically applied 
sunscreens containing different UV filters are the most used 
photoprotective means. UV filters can be classified into two 
groups according to their nature. The inorganic UV filters 
(physical UV filters) principally work by reflecting and 
scattering UV radiation, while the organic UV filters (chemical 
UV filters) absorb the light.  Two inorganic oxides are used 
for UV protection in humans: zinc oxide (ZnO) and titanium 
dioxide (TiO2) [9]-[11].  

Although ZnO with a particle size around 500 nm provide 
sufficient protection against UVA and UVB radiation, such 
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particle size allows also a reflection of visible light. This fact 
makes ZnO based sunscreen visible after application on skin 
(“white look”), which is cosmetically less acceptable. 
Acceptability of ZnO UV filters can be improved by using 
ZnO particles with dimensions less than 100 nm 
(nanoparticles) as the decrease in particle size reduces the 
reflection of visible light. Moreover, application of 
nanoparticles in cosmetics generates products with improved 
texture, more vibrant colour and greater skin penetration [12]. 

Zinc is generally considered a non-toxic metal as it serves as 
an essential nutrient present in virtually any cell. It has to be 
consumed in the diet as its deficiency is associated with many 
diseases and it does not appear to accumulate with age [1], 
[13]. Zinc oxide has a widespread use. Besides its authorized 
use as a cosmetic colorant with a Color Index CI 77947, zinc 
oxide is applied as a bulking agent and skin protecting UV 
absorber [1], [14], [15]. However, there are many problems to 
be discussed regarding the use of ZnO nanoparticles in 
cosmetics. There is a very rapid development of 
nanotechnologies that find applications in various fields [16], 
[17]Concerns about the health implications of nanomaterials 
have been expressed because materials in the nano size range 
may pose toxicological hazards due to their enhanced 
reactivity. The physicochemical properties of nanomaterials 
can modify cellular uptake or protein binding and theoretically 
may be also able to deposit in respiratory tract, penetrate intact 
skin, be absorbed through gastrointestinal tract, or pass 
directly through cells and ultimately translocate to various 
tissues and organs [18]-[20]. It should be noted, that in spite of 
the interest of research teams, there are still insufficient 
information regarding the identification of potential health 
risks, especially risks associated with long-term exposure to 
nanomaterials. With regard to zinc oxide nanoparticles, there 
is a lack of reliable data on the percutaneous absorption of 
these particles [19]. 

 In early 2009, the Therapeutic Goods Administration 
(TGA) conducted an updated review of scientific literature in 
relation to the use of nanoparticulate zinc oxide and titanium 
dioxide in sunscreens. The potential for ZnO nanoparticles in 
sunscreens to cause adverse effects depends primarily upon the 
ability of nanoparticles to reach viable skin cells. The current 
weight of evidence suggests that ZnO nanoparticles do not 
enter viable skin cells [21]. On the other hand, there are 
literature reports claiming that these nanoparticles can cause a 
statistically significant DNA damage in human epidermal cells 
at concentrations of 5 µg/ml [22]. Therefore it is necessary to 
continue monitoring the emerging scientific literature to ensure 
appropriate action in case unacceptable risks are identified. 

However, the question of nanoparticle toxicity is not as 
simple as examining individual particles only. Due to their 
high diffusivity, nanoparticles can exist as isolated particles for 
only a short time and they possess a tendency to agglomerate 
rapidly. Thus, it is also crucial to understand the fate of these 
agglomerates upon to ascertain whether subsequent 
toxicological effects are attributable to nanoparticle physical 

properties, or are a function of their chemical composition 
[23]. 

In our study, we tried to contribute to the effort to describe 
and characterize behaviour of ZnO particles in real cosmetic 
products applied topically on skin. In order to reach this goal, 
we determined ZnO content in model pig skin layers obtained 
by dermal absorption procedure. 

II. MATERIAL AND METHODS 

A. Material 
Two types of commercially available nanoemulsions 

differing in the composition of oil base were used as a model 
samples for ZnO determination: SOLAVEIL CZ-100 (zinc 
oxide based o/w emulsion consisted of 55% of ZnO, C12 - 15 
alkyl benzoate, polyhydroxystearic acid, isostearic acid) and 
SPECTRAVEIL FIN (zinc oxide based w/o emulsion 
consisted of 55% of ZnO, C12 - 15 alkyl benzoate, 
polyhydroxystearic acid). Both emulsions were obtained from 
UNIQEMA (USA). 
Hydrochloric acid and toluene were purchased from Petr 
Lukeš (Czech Republic). Zinc oxide (99.5%), nitric acid 
(65%), isopropyl alcohol, xylenol orange, acetic acid and 
sodium acetate were acquired from Lachema (Czech 
Republic). Hydrogen peroxide (31%) and hexadecyl 
pyridinium chloride monohydrate were obtained from Sigma-
Aldrich (Germany). 

B. Sample preparation 
Two methods were used for ZnO determination: 

spectrophotometric method and atomic absorption 
spectroscopy (AAS). Sample preparation procedure depended 
on the nature of samples. Three types of samples were 
analysed in order to evaluate the ability of both methods to 
determine ZnO under various conditions: 
a) solutions of accurately known concentration of ZnO 
b) ZnO in commercially available nanoemulsions (SOLAVEIL 
CZ-100, SPECTRAVEIL FIN) 
c) real samples obtained after dermal absorption of 
commercial nanoemulsions with ZnO 

Standard calibration solutions for determination of ZnO by 
both methods were prepared by dissolving zinc oxide in a 
small amount of 6M HCl with subsequent appropriate dilution.  
 For the determination of ZnO in commercial nanoemulsions, 
samples were hydrolysed by 6M HCl according to the method 
described by Salvador et al. [24]. Nanoemulsions were 
solubilized using toluene and ultrasonic bath was also used to 
accelerate solubilisation. Commercial nanoemulsions were 
applied on the surface of adhesive tape in order to simulate 
real samples obtained by stripping in dermal absorption 
procedure. Toluene as a solvent was also applied in order to 
extract emulsion sample from the adhesive tape in model 
samples as well as in samples acquired by stripping. Extraction 
was performed till the adhesive tape was visually completely 
clear with no visible residues of the sample. Toluene extracts 
were subsequently mixed with 6M HCl and hydrolysed. 
Commercial nanoemulsions were further evaluated for their 
homogeneity using microwave digestion with nitric acid and 
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hydrogen peroxide (3:1) in microwave mineralizer Ertec 
Magnum (Poland). 

C. Spectrophotometric determination of ZnO 
The spectrophotometric determination of zinc was carried 

out according to the methodology described by Benamor and 
co-workers [25]. The method is based on the colour reaction 
between Zn2+ and xylenol orange in constant pH. Permanent 
environment (pH 5.5) was provided by acetate buffer and 
stability of the resulting colour complex was provided by 
addition of cationic surfactant cetylpyridinium chloride. 
Absorbance of a colour solution was measured in a 1 cm cell 
at 580 nm against a reagent blank. Readings were taken every 
30 minutes using a spectrophotometer DR/2000 (Hach, USA). 
Such time interval is necessary to stabilize the complex formed 
and to enhance the accuracy of measurement.  

D. Determination of ZnO by AAS 
For the determination of zinc by atomic absorption 

spectroscopy (AAS) the AAS spectrophotometer (GBC 
Scientific Equipment PTY, Australia) was used with the flame 
type air-acetylene, Fuel lean. Samples were measured in 239 
nm wavelength. Standardization was carried out using Zn-
Astasol (Analytica, Czech Republic). 

E.  Dermal absorption 
Dermal absorption procedure was performed according to 

Regulation SCCS/1358/10 (The Scientific Committee on 
Consumer Safety) and in compliance with Commission 
Regulation (EC) No 440/2008 laying down test methods 
according to the European Parliament and Council Regulation 
(EC) No 1907/2006 concerning the Registration, Evaluation, 
Authorization and restriction of Chemicals (REACH) and 
according to OECD methodology 428 (2004) Skin absorption: 
in vitro method. 

Dermal absorption method was performed using static Franz 
diffusion cells. Experiments were carried out with two types of 
commercially available ZnO nanoemulsions SOLAVEIL CZ-
100 and SPECTRAVEIL FIN, which have been specifically 
characterized in the preceding text. Both samples were tested 
on the pig skin (standard dermal substrate suitable for the 
procedure). Samples at the amount of 35 mg were applied on 
skin surface and the skin was placed horizontally on Franz 
diffusion cells between the upper (donor) and lower (acceptor) 
compartments. Sink conditions were obtained in the receptor 
compartment with receptor fluid composed of natrium 
chloride, bovine albumine and gentamycin, with a volume of 
receptor fluid of 15 ml. The receptor compartment was 
continuously homogenized using a stirring magnetic bar and 
the temperature was kept for 24 h at 32°C using a temperature-
controlled oven. After 24 h exposure, each skin sample was 
divided into 13 fractions, which are described in Table 1. 

 Stratum corneum fractions were obtained by stripping. 
Strips were obtained by placing an adhesive tape to the skin 
surface. Pushing the tape to the skin led to an adhesion of 
stratum corneum cells to the tape. Separation of dermis and 
epidermis was carried out using heat.  Obtained fractions were 

separately extracted with toluene as a solvent for stratum 
corneum strips and with isopropyl alcohol that was used for 
epidermis (without stratum corneum) and dermis. 

 

 

III. RESULTS AND DISCUSSION 

A. The effect of sample preparation method on the 
determination of zinc 

ZnO solutions of accurately known concentrations were 
prepared by dissolving ZnO in HCl and were used for the 
evaluation of the correspondence between two methods, 
atomic absorption spectroscopy (AAS) and spectrophotometric 
method (SPM). Samples were diluted so that the determination 
was carried out within the ¼ and ½ range of the calibration 
curve. For each analytical method ten samples were measured 
for each calibration level. Differences between real ZnO 
content and ZnO determined by atomic absorption 
spectroscopy (AAS) or spectrophotometric method (SPM) are 
summarized in Table 2. A relatively narrow range of values 
were obtained, thus only average values and their percentage 
deviations are listed in Table 2. As it was expected, both 
methods AAS and SPM showed a good agreement in 
determination of ZnO in aqueous solutions. 
 

 
 
In comparison with a determination in aqueous solution, a 

determination of ZnO content in commercial fat bases is more 
complicated owing to several factors. At first it is the influence 
of the fat component itself, further problems may arise from 
the presence of emulsifying agents that ensure product 
homogeneity. Especially for the spectrophotometric 
determination should be this component eliminated from the 
sample due to the possible formation of emulsion. To avoid  
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such difficulties, hydrolysis by organic solvent is highly 
recommended.  

In this study we tried to evaluate differences between ZnO 
content in commercial ZnO based nanoemulsions determined 
by atomic absorption spectroscopy (AAS) and 
spectrophotometric method (SPM). Results of both 
methodologies are presented in Table 3. Each measurement 
was performed 8 times.  

Results showed that data obtained by AAS are very close to 
the actual ZnO content in both commercial samples and 
therefore this method seems to be suitable for ZnO 
determination in cosmetic products. On the contrary, 
spectrophotometric method with xylenol orange is more 
problematic. For nanoemulsion SOLAVEIL CZ-100 the 
differences between expected ZnO concentration and 
concentration determined by SPM did not exceed 3% 
deviation. Regarding the other sample (SPECTRAVEIL FIN) 
as high deviation as 12% was detected between real content 
and content determined by SPM. Due to these high 
differences, it can be noted that spectrophotometric 
determination of ZnO in water-in-oil emulsions is at least 
problematic, if not entirely inappropriate.  

Prior to performing the dermal absorption procedure and 
determination of zinc in samples obtained by stripping, a 
process of isolation and determination of ZnO from the 
adhesive tape was verified. Exact amount of nanoemulsions 
was applied on the surface of adhesive tape to simulate actual 
conditions of dermal absorption method. In the first instance 
isopropyl alcohol was used for the extraction of the sample 
from adhesive tape, but the extraction with this solvent was not 
very successful. Application of toluene as a solvent led to a 
better extraction process that provided clear adhesive tape with 

no visible residues of the sample. Results of the determination 
of ZnO content in commercial ZnO based nanoemulsions 
applied to the surface of adhesive tape are presented in Table 
4. All samples were analysed by both analytic methods, atomic  
absorption spectroscopy (AAS) and spectrophotometric 
method (SPM).  

Results acquired by AAS for both commercial samples may 
be considered to be sufficiently reliable, although the 
determination reached slightly lower values when compared to 
actually applied amount. It is likely that these differences are 
attributed to incomplete sample extraction from adhesive 
tapes. Somewhat contradictory trend (i.e. obtained values are 
higher than the applied amount) can be observed in the case of 
determination of ZnO nanoemulsions themselves (not applied 
to adhesive tape, see Table 3). The reason for higher values 
may be a probable emulsion formation caused by stabilization 
of colour complex by tenside. Formation of emulsions may 
result in higher determined ZnO content. Such explanation was 
supported by the results of ZnO determination in samples that 
were treated by mineralization in microwave mineralizer. 
Results of SPM analysis of microwave mineralized samples 
were in accordance with the results of AAS determination. 

B.  Dermal absorption 
The ability of ZnO nanoparticles from commercial 

emulsions to penetrate skin layers was studied using dermal 
absorption procedure described in the section II.E. Only the 
results obtained for SPECTRAVEIL FIN sample are presented 
in Table 5 as the data for SOLAVEIL CZ-100 showed the 
same trend.  

There is obviously a considerable variance of determined 
ZnO values. But in all cases higher values were recorded by 
SPM when compared to the values obtained by AAS.  
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Overall recovery of ZnO which represents the sum of Zn 
obtained from all fractions is listed in Table 6. In most cases of 
SPM determination, recovery higher than 100% was recorded. 
Regarding the recovery of ZnO determined by AAS, values 
obtained in this study resemble the recovery values of common 
tests of dermal absorption [26]. There were also significant 
differences in recovery values among samples tested on 
individual skin substrates. These irregularities are caused by 
inhomogeneous character of pig skin samples, which is 
unfortunately in biological materials quite common. 
Nevertheless, despite these discrepancies, it is obvious that the 
greatest portion of applied ZnO nanoparticles remains on the 
skin surface and a significant amount of zinc can be detected 
also in stratum corneum. The most important conclusion 
which could by drawn from dermal absorption data, is that 
only a negligible amount of ZnO nanoparticles penetrate to the 
viable skin layers.  

Futhermore, it was found, that different ZnO content was 
determined after several months of storage even though the 
procedure of measuring remained unchanged. Due to this 
finding a more precise sample evaluation was carried out. ZnO 
content determination was repeated after 9 months of storage 
at 10°C and particle size as well as their distribution was 
evaluated. Results suggest that studied commercial 
nanoemulsions lose its homogeneity after several months of 

storage. Data presented in Table 6 show the differences in 
ZnO levels in two distinct sampling sites. 

Changes in characteristics and behaviour of the samples 
were confirmed by the evaluation of particle size and 
distribution. Distribution curve of the sample SOLAVEIL CZ-
100 shortly after production and distribution curves of the 
same sample after 9 months of storage are presented in Fig. 1 
and Fig. 2. 

The average particle size of the sample after production was 
139 nm and low distribution curve at the range of 50 - 140 nm 
was acquired. After 9 months was the average particle size 
significantly higher (672 nm). There were particle sizes around 
100 nm as well as 1000 nm particles. Such a very wide range 
indicates a large agglomeration of particles and instability of 
the sample.  

IV. CONCLUSION 
Determination of zinc content by spectrophotometric 

method and atomic absorption spectroscopy showed a good 
agreement solely in the case of simple ZnO solutions. 

Atomic absorption spectroscopy (AAS) seems to be a 
suitable method for ZnO determination in real cosmetic 
products and in samples obtained after dermal absorption 
procedure. Contrary to AAS, spectrophotometric procedure is 
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Figure 1. Distribution curve of commercial nanoemulsion SOLAVEIL CZ-
100 after production 

Figure 2. Distribution curve after 9 months of storage 
 

 
more problematic with a greater tendency to provide values 

higher than actual. However, SPM may be applied provided 
that a faultless mineralization of the fat base is realized. 

Samples obtained by dermal absorption method can be 
extracted by toluene, which has proven to be an appropriate 
solvent for this intention and subsequent ZnO determination. 

Regarding the ability of ZnO nanoparticles to penetrate to 
lower skin layers, it is possible to conclude that the majority of 
ZnO remains on the skin surface and do not enter the viable 
skin parts. 
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