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Octyl p-methoxycinnamate (OMC) is one of the most widely used sunscreen agents. However, the efficiency of
OMC as UV filter over time is affected due to the formation of the cis-isomer which presents a markedly lower
extinction coefficient (εcis = 12,600 L mol−1 cm−1 at 291 nm) than the original trans-isomer (εtrans =
24,000 L mol−1 cm−1 at 310 nm). In this work, a novel carrier for OMC based on an oil-in-water microemulsion
is proposed in order to improve the photostability of this sunscreen. The formulationwas composed of 29.2% (w/
w) of a 3:1mixture of ethanol (co-surfactant) and decaethylene glycolmono-dodecyl ether (surfactant), 1.5% (w/
w) of oleic acid (oil phase) and 69.2% (w/w) of water. This microemulsion was prepared in a simple way, under
moderate stirring at 25 °C and using acceptable, biocompatible and accessible materials for topical use. OMCwas
incorporated in the vehicle at a final concentration of 5.0% (w/w), taking into account the maximum permitted
levels established by international norms. Then, a photolysis study of the loaded formulation was performed
using a continuous flow system. The direct photolysis was monitored over time by molecular fluorescence. The
recorded spectra data between 370 y 490 nm were analyzed by multivariate curve resolution-alternating least
squares algorithm. The kinetic rate constants corresponding to the photolysis of the trans-OMC were calculated
from the concentration profiles, resulting in 0.0049 s−1 for the trans-OMC loadedmicroemulsion and 0.0131 s−1

for the trans-OMC in aqueous media. These results demonstrate a higher photostability of the trans-OMC when
loaded in the proposed vehicle with respect to the free trans-OMC in aqueous media.

© 2017 Elsevier B.V. All rights reserved.
Keywords:
O/W microemulsion
Octyl p-methoxycinnamate
Photolysis
Multivariate curve resolution-alternating least
squares
Molecular fluorescence
1. Introduction

Currently, the search for more effective sunscreens to ensure opti-
mal photoprotection is the latest research trend in this area. Sunscreen
products are chemical absorbers (organic) or physical blockers (inor-
ganic) that have the ability tofilter outUVB rays (290–320nm), because
this type of rays are responsible for sunburns. Not only is there the high
capacity of UV-filters to absorb UV, but there is also the property of re-
maining stable while irradiated [1,2]. The filter should not impair the
absorbance for the entire period of sun exposure in order to achieve
the expected photoprotection for commercial sunscreen products [3].

The octyl-p-methoxycinnamate (OMC) is one of the organic mole-
cules widely used as sunscreen in topical preparations and ideal to use
in waterproof products because of their lipophilicity. Their application
is well tolerated and the skin irritation is almost negligible. OMC is
used mainly as a UVB filter although its absorption spectrum extends
into the UVA (320 nm–400 nm) [4]. However, this UV filter has
shown to be light sensitive with a decrease in UV absorption efficiency
upon light exposure [5]. For this reason, suitable vehicles have been
designed as carriers for OMC in order to enhance their photostability.
Thus, polymeric nanocapsules [6], lipid nanoparticles [7] and solid
lipid nanoparticles [8] have been utilized as potential vehicles for OMC
sunscreens.

Microemulsions (MEs) are transparent and thermodynamically sta-
ble systems that have a droplet size from 10 to 200 nm and do not have
a tendency to coalesce [9]. MEs present advantages such as allowing the
release of the substance encapsulated in a sustained manner and the
ability to protect labile compounds against chemical degradation and
photodegradation induced by UV radiation [10]. Moreover, all the typi-
cal components of the MEs such as oil, water, cosurfactants and surfac-
tants are usually good permeation enhancers. All these characteristics of
theMEs showed a significant enhancement effect on transdermal deliv-
ery over the conventional formulations.

On the other hand, kinetic rate constants are useful because they
allow to predict chemical behaviour under yet unexplored conditions
and to compare different chemical systems. Particularly, the spectro-
scopic monitoring allows the obtainment of large amounts of data cor-
responding to a reaction, in short periods of time. Multivariate
methods as multivariate curve resolution-alternating least squares
(MCR-ALS) explore the advantage of using a very high number of ana-
lytical signals simultaneously. This algorithm allows to extract the
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pure spectra and concentration of the components in a mixture from a
set of spectrawith a different composition [11,12]. This feature is partic-
ularly useful to evaluate the kinetic profiles of the chemical process [13].
Traditionally, kinetic studies require aliquots to be analyzed externally.
When multivariate methods are applied, the spectroscopic data can be
modelled using hard or soft models. The hard-modelling methods re-
quire a reaction of the model to be assumed and the goal is to extract
the basic parameters of the process. The correct choice, when in-depth
chemical knowledge of the system is not available, depends on tedious
trial-and-error procedures. Furthermore, the mathematical soft-model-
lingmethods are used in the cases that an explicit kinetic model cannot
be postulated. Besides, the residual signals from species that do not take
part in the reaction can be modelled.

The hybrid soft and hard-modelling incorporates constraints to force
some or all the concentration profiles to fulfill a kinetic model, which is
refined at each iterative cycle of the optimization process [14]. Thus, soft
modelling is measure-driven, being able to resolve only the contribu-
tionswith an explicit signal. However, the inclusion of a hard-modelling
constraint will allow the introduction of a signal that comes from spe-
cies without a registered signal.

The current article proposes a new O/W microemulsion as a carrier
for OMC. The system was properly characterized and a photolysis
study was performed using a continuous flow system which was mon-
itored by molecular fluorescence spectroscopy. The spectral data as a
function of time were analyzed by MCR-ALS algorithm. The use of this
chemometric approach made it possible to study the photolysis kinetic
behaviour of the OMC without using separation techniques. Moreover,
the kinetic rate constants associated to the photoisomerization of the
OMC were obtained as additional information. Finally, the solar protec-
tor factor was obtained in order to determine the efficiency of the OMC
loaded ME as sunscreen.

2. Experimental

2.1. Reagents

All the reagents were analytical-grade chemicals and ultra-pure
water (18 MΩ cm−1) was used. Decaethylene glycol mono-dodecyl
ether (DME; Sigma-Aldrich) and ethyl alcohol (ET; Dorwil) were used
as non-ionic surfactant and co-surfactant, respectively. Oleic acid (OA;
Applichem) was used as oil phase and octyl-p-methoxy cinnamate
(OMC; Parafarm) was used as UVB filter.

2.2. Methods

2.2.1. Pseudo-Ternary Phase Diagram
The pseudo-ternary phase diagram was performed using the aque-

ous titration method at room temperature (25 °C). The weight ratio of
surfactant (DME) to the co-surfactant (ET) was 3:1. In each system,
the mixture of DME:ET (3:1) was mixed with the oil (OA) at weight ra-
tios ranging from 9:1 to 1:9 (% w/w). Each weight ratio mixture was
then gradually titratedwith ultra-purewater, undermoderatemagnetic
stirring. According to the ratio components of the mixture (oil phase,
water and surfactant), different structures and a number of phases
could be reached. These different structures could be seen by their phys-
ical appearance. Taking into account that microemulsions can be de-
fined as transparent systems, the mixtures were visually examined in
terms of transparency.

2.2.2. Characterization of MEs
The average droplet size, polydispersity index (PI) and conductivity

measurements were determined by dynamic light scattering (DLS)
using a Malvern Zetasizer Nano Series instrument. The measurements
were performed at room temperature and at a 90° angle.

The morphology of the O/W MEs was evaluated by transmission
electronic microscopy (TEM). A drop of the O/W ME was transferred
onto a Formvar coated copper grid (200 mesh), followed by negative
staining with uranyl acetate solution for 1 min. The sample was dried
at room temperature and the TEM was performed using a JEOL 100
CXII transmission electron microscope, operated at 80 kV.

2.2.3. Preparation of OMC Loaded MEs
OMCwas added to theME in order to obtain a final concentration of

2.5, 5.0 and 7.5% (w/w). These dosages were chosen taking into account
the technical specifications for the United States Food and Drugs Ad-
ministration and the European Union, which authorize a maximum
level of 7,5 and 10% (w/w), respectively [15]. OMC was added to the
oil phase by stirring at 25 °C. Hence, this mixture was added to the
DME:ET (3:1)mixture and titratedwith ultra-purewater undermoder-
ate magnetic stirring. All prepared OMC loaded MEs were stored in
amber-glass containers at room temperature (25 °C).

2.2.4. Photolysis Study
The photolysis study of the OMC was performed using a continuous

flow system in both, aqueous medium (OMC-AQ) and loaded in the
O/W microemulsion (OMC-ME). The OMC-AQ was prepared in order
to obtain a final concentration of 5.0% (w/w). At first, due to the fact
that OMC is a lipophilic molecule, it was diluted in ethanol. Then, water
was added until the final concentration. The OMC-AQ and OMC-ME
were pumped with a Watson 323 peristaltic pump. All the flow system
components were made of PTFE (0.5 mm i.d.). A lab-made photoreactor
was constructed, rolling helically PTFE (12m in length) around a Philips®

low mercury UVB lamp (15 W). The fluorescence measurements were
performed using a Jasco FP-6500 spectrofluorometer. The slit width was
3 nm for excitation and 3 nm for emission. The excitation wavelength
was 354 nm and the emission spectra were recorded between 370 and
550 nm. The scan rate was 500 nm min−1. The acquisition interval and
integration time were maintained at 0.1 nm and 1.0 s, respectively. The
photomultiplier tube (PMT) voltage was fixed to 600 V and a flow quartz
cell with 150 μL was used in a right-angle geometry.

The OMC-AQ and OMC-ME were pumped to the photoreactor and
when it was filled, the UVB lamp was turned ON for 12 min. The flow
rate was optimized in order to elute the loaded volume in the
photoreactor (9.42mL) in 12min. Fluorescence spectra were registered
every 30 s, adding 24 spectra per sample. The emission signalswere reg-
istered every 0.1 nm, so each spectrum consisted of 1800 variables.
Therefore, each sample was arranged in amatrix of 24 × 1800 variables.
The data analysis was performed by MCR-ALS using MCR-ALS_GUI_2.0
toolbox [16] written in MatLab® environment [17]. This algorithm con-
sists of a mathematically decomposition of the analytical signal into the
contributions due to the pure components in the system, which can be
written as a bilinearmodel of pure component contributions, as follows:

D¼CSTþE ð1Þ

where D is the experimental fluorescent data matrix, C is the matrix
describing the changes in the concentration of the species present in the
system under study, ST is the matrix containing the fluorescent spectra
of these species, and E is the residual matrix with the data variance un-
explained by CST. The modelling started by selecting the number of
components that caused the variations in the fluorescent spectra
(chemical rank). The second stepwas the estimation of the pure spectra
corresponding to the chemical components (ST). Then, an iterative opti-
mization was done and the concentrations of the species (C) were cal-
culated using the initial spectra estimations. Hence, using the
fluorescent data and the concentrations, the pure spectra was re-esti-
mated; C and ST were repeatedly calculated until achieving an establish
difference among iterations. During the optimization, some constraints
were applied, such as, non-negativity for both, spectra and concentra-
tion profiles. On the other side, a constraint related to the proposed ki-
netic model (pseudo-first order) was considered. Moreover, it
required some initial information: the starting concentrations for each



Table 1
Composition of studied O/W microemulsions.

Formulation Composition (% w/w)

OA Smix Water

ME1 2.0 38.0 60.0
ME2 1.8 34.5 63.6
ME3 1.7 31.7 66.7
ME4 1.5 29.2 69.2
ME5 1.4 27.1 71.4
ME6 1.3 25.3 73.3
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species, which was considered in the model, a vector specifying the
times of the reaction and an initial estimate of the kinetic rate constants.

2.2.5. Solar Protection Factor (SPF) Determination
The SPF for the 5.0% (w/w)OMC-MEwas obtained in vitrobyMansur

method [18]. For this, theMEwas diluted in ethanol at a final concentra-
tion of 0.2 mL mL−1. The spectrophotometric measurements between
290 and 320 nm and each 5 nm were performed using a Hewllet
Packard 8453 UV–Vis spectrophotometer equipped with a quartz cell
(10 mm optical path). The SPF was calculated as detailed below:

SPF ¼ CF
X320

290

EE λð Þ I λð Þ A λð Þ ð2Þ

where CF is a correction factor (in this case, 10), EE is the erythemal
effect spectrum, I is the solar intensity spectrumandA is themeasured ab-
sorbance of the OMC-ME at each wavelength. The relationship between
the erythemal effect spectrum and the solar intensity spectrum at each
wavelength (EE x I) was determined as described by Sayre et al. [19].

3. Results and Discussion

3.1. Pseudo-Ternary Phase Diagrams

The pseudo-ternary phase diagrams were performed to find out the
concentration range of components easily in order to create
microemulsions. The studied systems were composed of the whole con-
stituents includingDME, ET,OA andwater. A 3:1 surfactant and co-surfac-
tant ratio (DME:ET) exhibited the largestMEdomain and stability, among
the other systems tested whose DME:ET ratios were 1:1 and 2:1. There-
fore, the 3:1 ratio was used in this work and it was named Smix. The cor-
responding pseudo-ternary phase diagram is shown in Fig. 1.

3.2. Characterization of MEs

Based on the O/Wmicroemulsion region corresponding to the pseu-
do-ternary phase diagram, six O/W microemulsions were prepared at
different component ratios as described in Table 1.

Mean droplet size and polydispersity index (PDI) are important pa-
rameters in designing novel carriers based on MEs. PDI represents the
ratio of standard deviation to mean droplet size. A PDI between 0.2
and 0.4 indicates a narrow size distribution of the globule size ap-
proaching a monodisperse system (for an ideal uniform sample, the
PDI would be zero). Table 2 shows these parameters obtained by the
Fig. 1. Pseudo-ternary phase diagram corresponding to the oil-surfactant:co-surfactant-
water system at 25 °C. Smix correspond to a 3:1 weight ratio of DME:ET.
DLS technique, corresponding to the six MEs analyzed. As can be seen,
the MEs presented droplet sizes in the range from 11 to 14 nm and
PDI values lower than 0.36. These values showed the uniformity of the
drops within the formulations, indicating stable and monodisperse sys-
tems. Furthermore, small Z potential values were expected to confer a
high physical stability to theMEswith a low tendency toflocculate glob-
ules. The droplets exhibited a slightly negative Z potential values, indi-
cating a negative surface which would inhibit their aggregation (Table
2). These results are probably due to the use of non-ionic surfactants.
Besides, the microemulsions presented relatively high conductivity
values, indicating O/W microemulsions (Table 2).

Moreover, the droplet size of the six microemulsions was measured
during 30 days (Fig. 2). The droplet size slightly increases as the OA and
Smix concentration is lower, within the studied ranges (Table 1). How-
ever, in all cases, the droplet sizes were less than 20 nm and these were
stable during 30 days.

Based on the results obtained by the DLS technique, the stability of
the parameters over time, and taking into account the relatively low
concentrations of OA and Smix used, the ME4 was considered for fur-
ther studios. A relatively short time (about 5–10 min) was required to
obtain ME4 under magnetic stirring at 25 °C, which is composed of
1,5% of OA, 29,2% of Smix (3:1) and 69.2% of water. In order to corrobo-
rate the droplet size and analyze the morphology of the droplets in the
ME4, a TEM study was performed and the photos are shown in Fig. 3.

As seen, ME4 presented a spherical morphology and droplet sizes in
nanometric range according to the results obtained by the DLS technique.

Hence, OMC was loaded in ME4, as described in section 2.2.3. The
OMC-MEs were characterized by the DLS technique. The physic and
physicochemical parameters were similar to non-loaded OMC O/W
microemulsion when a 5.0% (w/w) of OMC was loaded (droplet size:
13.67 nm; PDI: 0.285; Z potential: −0.690 mV; conductivity: 0.131
mS cm−1). Therefore, the incorporation of 5.0% (w/w) of OMC to ME4
did not affect the properties of this carrier significantly, and further
studies were performed.
3.3. Photolysis Study

A photolysis study was performed in order to compare the photoly-
sis process of the OMC when it is presented in an aqueous medium
(OMC-AQ) with respect to the OMC loaded in the O/W microemulsion
(OMC-ME). For this purpose, the continuous flow system described in
section 2.2.4 was used.
Table 2
Physicochemical parameters of the O/Wmicroemulsions.

Formulation Droplet size
(nm)

PI Zeta Potential
(mV)

Conductivity
(mS cm−1)

ME1 11.56 0.312 −0.429 0.122
ME2 12.45 0.361 −0.496 0.129
ME3 13.56 0.307 −0.664 0.128
ME4 13.98 0.278 −0.762 0.127
ME5 12.76 0.280 −0.859 0.117
ME6 14.23 0.308 −0.888 0.121



Fig. 2. Droplet size along 30 days for the six O/W microemulsions analyzed.
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The direct photolysis of the OMC in an aqueous medium produces
their photoisomerization, which octyl p-methoxy-trans-cinnamate
(trans-OMC) changes to octyl p-methoxy-cis-cinnamate (cis-OMC), as
follows:
The trans-isomer has an absorption wavelength similar to the cis-
isomer (291 nm for the trans-isomer and 310 nm for the cis-isomer)
but the molar absorption coefficient of the cis-isomer (εcis = 12,600 L
mol−1 cm−1) is markedly lower than trans-isomer (εtrans = 24,000 L
mol−1 cm−1), at the respective wavelengths. This fact results in a re-
duction of the OMC efficiency as UV filter [20]. It is important to note
that the decrease in the absorptivity occurs in both, aqueous and
microemulsion medium. Moreover, the photolysis of OMC is followed
by a photodegradation and photodimerization process, where several
by-products are generated, such as, 4-methoxybenzaldehhyde, 2-
ethylhexanol, cyclodimers and a dimer hydrolysis product [5].

On the other hand, the photoisomerization process can be moni-
tored by molecular fluorescence because trans-OMC and cis-OMC are
fluorescent molecules. Both presented maximum excitation wave-
lengths at 354 nm. However, the maximum emission wavelengths for
the trans-OMC and the cis-OMC were 410 and 405 nm, respectively,
demonstrating a shift of the maximum emission wavelength for trans-
OMC during the photoisomerization process (Fig. 4).

In this way, fluorescence spectra corresponding to OMC-AQ and
OMC-ME were registered as a function of irradiation time. A maximum
Fig. 3. TEM images of the ME4, with a magnifi
time of 12 min was considered because after that the fluorescent signal
was approximately constant. This means that the UVB radiation did not
photodegradate substantially more filter, under the studied conditions.
Besides, the spectral behaviour of the aqueous and microemulsion
media were evaluated (Fig. 4).

Asmay be seen, the spectra corresponding to OMC-AQ and OMC-ME
(Fig. 4 c and d, respectively) showed a decrease in the fluorescence sig-
nal intensity between 370 y 490 nm over time. In the case of OMC-AQ,
the few spectra registered until reaching the degraded state showed
that the photoisomerization of trans-OMC to cis-OMC occurs in a short
time. Instead, the OMC-ME showed more spectra registered, which
means that the photolysis leads takes longer. Furthermore, fluorescence
spectra of the media (aqueous and microemulsion) were registered
(Fig. 4 a and b) and small differences can be observed over irradiation
time. Thus, the decrease in the fluorescence signal in OMC-AQ and
OMC-ME is mainly due to the OMC photoisomerization process, in
both cases.

The collected photolysis data contain information about the species
involved in the process. Hence, the spectral data were arranged in ma-
trices, which were disaggregated using the MCR-ALS algorithm. As
mentioned before, this decomposition concluded in the pure spectra
of the constituents of the samples, and most importantly to the kinetic
study about the evolution profiles of the species in function of irradia-
tion time. The acquired spectra profiles corresponding to the photolysis
of OMC-AQ and OMC-ME are shown in Fig. 5.

As seen, the concentration profile of a third componentwas present-
ed. Then, the reaction mechanism that best fitted was considering this
fact, as follows: A → B and B → C. This approach is in concordance
with the one mentioned before, as the photoisomerization of OMC is
followed by a photodegradation and photodimerization process,
where some by-products are generated [5,21].

The constraints thatwere incorporated in theMCR-ALS optimization
process, can partially model the evolution of some components by
means of a hard-modelling. This is performed byfitting the spectroscop-
ic data to a model built from mathematical expressions. For the rest of
the components of the system it was appropriate to use a soft-model-
ling. For this reason, a hybrid soft and hard-modelling was performed
because the photolysis of OMC takes place among other registered sig-
nals coming from themedium. Afterwards, the concentration and spec-
tral profiles can be obtained even though the compounds or
interferences do not take part in the explicit model.

In thatway, the kinetic rate constants of OMC-AQandOMC-MEwere
calculated using the profiles shown in Fig. 5 (blue lines). As seen, the
curves showed a reduction in the photoisomerization rate over time in
both, OMC-AQ and OMC-ME. The decrease of OMC concentration over
time followed a pseudo-first order kinetic:

ln Ct–Cinf
� �

= C0–Cinf
� �� � ¼ k t ð3Þ

where Ct is the concentration of OMC at time t, Cinf is the concentration
cation of 140,000× (a) and 270,000× (b).



Fig. 4. Fluorescence spectra as a function of irradiation time (recorded every 30 s): a) aqueous medium, b) O/W microemulsion, c) OMC-AQ and d) OMC-ME.
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at infinite time, C0 is the initial concentration of OMC, t is the
photoisomerization time in seconds and k is the kinetic rate constant.
Fig. 6 shows the linear fit curves corresponding to the pseudo-first
order kinetic photoisomerization of OMC in both, aqueous medium
(OMC-AQ) and in the proposed microemulsion (OMC-ME). The calcu-
lated kinetic rate constants k were 0.0131 s−1 and 0.0049 s−1 for
Fig. 5. Pure concentration profiles corresponding to the photolysis of OMC: a) in aqueous
medium (OMC-AQ) and b) loaded in the proposed O/W microemulsion (OMC-ME). The
blue lines correspond to cis-OMC, black lines to trans-OMC and red lines to a by-product.
(For interpretation of the references to colour in this figure legend, the reader is referred
to the web version of this article.)
OMC-AQ and OMC-ME, respectively. These values showed a higher
photoisomerization rate for OMC-AQ than for OMC-ME, indicating
that the microemulsion protects OMC from the photoisomerization in-
duced by the UVB radiation, under the studied conditions. Both models
were well explained with 99.38% and 99.97% of explained variance,
respectively.
3.4. Solar Protection Factor Determination

In order to know the efficacy of the proposed OMC-ME as sunscreen,
the determination of the SPF was performed, which is a very useful ref-
erence when choosing a commercial sunscreen. The SPF can be defined
as the relation between the UV energy required to produce a minimal
erythema dose (MED) on protected skin and the UV energy required
Fig. 6. Linear fit curves corresponding to the pseudo-first order kinetic photodegradation
of OMC-AQ (red) and OMC-ME (blue). (For interpretation of the references to colour in
this figure legend, the reader is referred to the web version of this article.)
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to produce a MED on unprotected skin, and calculated as:

SPF ¼ MED in sunscreen−protected skin
MED in nonsunscreen−protected skin

ð4Þ

MED is the lowest time interval or dosage of UV radiation sufficient
to produce a minimal and perceptible erythema on unprotected skin
[22]. When higher the SPF is, more effective the sunscreen is in
preventing sunburns. An in vitro method to obtain the SPF is proposed
by Mansur et al. [18] (and described in section 2.2.5) in which the ab-
sorption of the sunscreen is based on the spectrophotometric analysis
of dilute solutions. This method presents an optimal correlation with
in vivo studios for SPF determination [23]. Then, the SPF value obtained
(in triplicate) by Mansur et al. method for the proposed OMC-ME was
7.75. This result can be considered optimal, taking into account that
the studied formulation was loaded with an unique sunscreen, and it
was in concordance with previous works where OMC was present in a
similar concentration (5,0%), as used in this studio [24].

4. Conclusions

The study demonstrated that the proposed O/W microemulsion
could be an effective carrier for OMC. The proposed system was
physicochemical characterized and its morphology analyzed,
demonstrating a stable O/W microemulsion over time. Based on
the kinetic rate constants obtained by the photolysis study assisted
by MLR-ALS algorithm, we can conclude that the OMC
photoisomerization was slower when it was present in the O/W
microemulsion, in comparison to the OMC in an aqueous medium.
Therefore, the proposed O/W microemulsion could be an
appropriate carrier for OMC because it improved its photostability
to the UVB radiation. Moreover, acceptable, biocompatible and
accessible materials for topical use, such as, ethanol, decaethylene
glycol mono-dodecyl ether, water and oleic acid, composed the
system.

On the other hand, the chemometric analysis allowed to corroborate
the photolysis mechanisms of the OMC, which include a
photoisomerization step and the generation of by-products. Besides, ki-
netic rate constants corresponding to the photoisomerization of the
OMC were obtained.

With respect to its efficiency as sunscreen, the proposed OMC-ME
presents a satisfactory SPF, increasing almost eight times the amount
of time to produce an erythema on the skin; that is to say, before begin-
ning to burn a person exposed to a low level of UVB radiation.
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