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Comparison of ultraviolet A light
protection standards in the United States
and European Union through in vitro

measurements of commercially
available sunscreens
Steven Q. Wang, MD,a Haoming Xu, BS,a Joseph W. Stanfield, MS,b Uli Osterwalder, MS,c

and Bernd Herzog, PhDd

New York, New York; Winston-Salem, North Carolina; Kaiseraugst, Switzerland; and Grenzach-Wyhlen,
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Background: The importance of adequate ultraviolet A light (UVA) protection has become apparent in
recent years. The United States and Europe have different standards for assessing UVA protection in
sunscreen products.
Objective: We sought to measure the in vitro critical wavelength (CW) and UVA protection factor (PF) of
commercially available US sunscreen products and see if they meet standards set by the United States and
the European Union.
Methods: Twenty sunscreen products with sun protection factors ranging from 15 to 1001 were analyzed.
Two in vitro UVA protection tests were conducted in accordance with the 2011 US Food and Drug
Administration final rule and the 2012 International Organization for Standardization method for sunscreen
effectiveness testing.
Results: The CW of the tested sunscreens ranged from 367 to 382 nm, and the UVA PF of the products
ranged from 6.1 to 32. Nineteen of 20 sunscreens (95%) met the US requirement of CW[370 nm. Eleven of
20 sunscreens (55%) met the EU desired ratio of UVA PF/SPF[ 1:3.
Limitations: The study only evaluated a small number of sunscreen products.
Conclusion: The majority of tested sunscreens offered adequate UVA protection according to US Food and
DrugAdministrationguidelines for broad-spectrumstatus, but almost half of the sunscreens testeddidnotpass
standards set in the European Union. ( J Am Acad Dermatol 2017;77:42-7.)
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The detrimental effects of chronic and excessive
ultraviolet (UV) radiation exposure have been well
studied and linked to the development of sunburn,
skin cancer, immunosuppression, and photoaging.1-4

Current photoprotection strategies include sun avoid-
ance, wearing protective clothing, and sunscreen
application. In the United States and Europe, the
CAPSULE SUMMARY

d The United States and European Union
have different standards for assessing
ultraviolet A light protection in
sunscreen products.

d Most commercially available US
sunscreens meet ultraviolet A light
protection standards in the United
States, but almost half do not meet EU
standards.

d US sunscreens with higher sun
protection factor may require more
stringent standards to afford better
ultraviolet A light protection. Sunscreen
alone may not provide adequate
ultraviolet A light protection.
application of sunscreen is
the most common photopro-
tective behavior practiced by
the public.5

The use of sunscreen af-
fords a variety of benefits,
including decreasing the
number of nevi in chil-
dren,6,7 preventing the
development of actinic kera-
tosis,8,9 squamous cell carci-
noma,10-12 melanoma,13 and
reducing the signs of photo-
aging.14,15 Currently, the
only numeric measure of
sunscreen efficacy in the
United States is sun protec-
tion factor (SPF), which is
based on an in vivo test that
measures protection against
sunburn or erythema
induced primarily by ultravi-

olet B light (UVB; 290-320 nm) and ultraviolet A2
light (UVA2; 320-340 nm). The SPF value offers little
information regarding protection against UVA1 light
(340-400 nm).

In June of 2011, the US Food and Drug
Administration (FDA) issued a final ruling on the
labeling and effectiveness testing of sunscreen prod-
ucts in the United States.16 In the ruling, the FDA
adopted the in vitro critical wavelength (CW) as a
measure of assessing UVA or broad-spectrum pro-
tection.17 CW is defined as the wavelength at which
90% of the total area under the absorbance curve
resides, with the absorption measures across the UV
spectrum ranging from 290 to 400 nm. Specifically,
the FDA has ruled that only products with CW
$370 nm can be labeled as having ‘‘broad-spectrum’’
protection.

Although sunscreens with broad-spectrum sta-
tus under current US regulations offer a pass or fail
standard for UVA protection (an in vitro CW of
$370 nm), the balance of UVA protection to UVB
protection (SPF) is more lenient in contrast with
Europe, which has adopted the International
Organization for Standardization method 2444318

for measuring UVA protection. Regulatory guide-
lines in the European Union recommend a
minimum UVA protection factor (UVA PF) to SPF
ratio of at least 1:3 for all marketed sunscreen
products.19

In this study, we determined the in vitro CW and
UVA PF of 20 sunscreen products commercially
available in the United States and assessed their level
of UVA protection by determining the ratio of UVA
PF/SPF to see if they meet
standards set by the United
States and European Union.
METHODS
Product selection

Twenty sunscreen prod-
ucts were selected because
of their sales volume, SPF
values, and accessibility. All
products testedwere labeled
as broad-spectrum in addi-
tion to their SPF value. All
the sunscreens were pur-
chased at a brick and mortar
CVS store in San Francisco,
California, and Winston-
Salem, North Carolina. The
products were packaged
and labeled only by code
numbers before analysis.
In vitro UVA protection tests
Two in vitro UVA protection tests, specifically the

critical wavelength and UVA protection factor, were
conducted in accordance to the testing protocols
outlined in the 2011 US FDA Final Rule16 and 2012
International Organization for Standardization 24443
method,18 respectively.

For determination of the CW, sunscreen products
were applied at 0.75 mg/cm2 to 3 polymethylmetha-
crylate (PMMA) plates with a roughness value of
6 �m (HD-6; Helioscreen, Creil, France). The plates
were then irradiated with a full-spectrum UV dose of
4 minimal erythema doses (800 effective J/m2) using
a 1000-W xenon arc solar simulator (LS1000-4S-001;
Solar Light Co, Philadelphia, PA). The UV trans-
mittance of the irradiated plates was measured from
290 to 400 nm using a spectroradiometer equipped
with an integrating sphere (Optronic Laboratories
OL756; Gooch & Housego, Orlando, FL).
Absorbance spectra for UV doses corresponding to
the requirements of the test methods were obtained
and used to calculate CW.

For the determination of the UVA PF, PMMA
plates with a roughness value of 6 �m (SD-6;
Helioscreen) were used. Each sunscreen product



Table I. Description of the active ingredients in the 20 sunscreen products tested

Product no.

Labeled

SPF

Active ingredients

UVB/UVA2 UVA1/broad spectrum

Homosalate Octinoxate Octisalate Octrocrylene Oxybenzone

Titanium

dioxide Avobenzone

Zinc

oxide Ecamsule*

1 15 10% 2% 2%
2 15 10% 5% 3% 2%
3 30 3.67% 3.5%
4 30 10% 5% 10% 3%
5 30 15% 4% 80% 4%
6 30 8% 5% 4% 4% 3%
7 30 10% 5% 4% 3%
8 30 10% 5% 10% 3%
9 50 7.5% 5% 14.5%
10 50 15% 5% 6% 3%
11 50 4.9% 4.7%
12 50 9% 7.5% 5% 1.5% 5% 2%
13 50 10% 4.5% 8% 3%
14 55 10% 5% 2.8% 6% 3%
15 501 15% 5% 1.2% 6% 1.5%
16 501 5% 3% 6%
17 601 4.9% 4.7%
18 100 15% 5% 10% 6% 3%
19 100 8% 3.5% 2.5%
20 1001 15% 5% 6% 3%

SPF, Sun protection factor; UVA, ultraviolet A light; UVB, ultraviolet B light.

*Ecamsule is only approved by the US Food and Drug Administration as a component of certain sunscreens.
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was applied at 1.3 mg/cm2, and measurements of
diffuse transmittance were taken for a spectral
range between 290 and 450 nm in increments of
1-nm using a UV transmittance analyzer (UV2000S;
Labsphere, North Sutton, NH). The initial UVA PF
was determined using the UV absorbance spec-
trum that was adjusted to the labeled SPF.
Sunscreen samples were then exposed to a single
UV dose of 1.2 times the initial UVA PF (in J/cm2)
using a 1500-W xenon lamp (Suntest CPS1 solar
simulator; Atlas Material Testing Technology,
Mount Prospect, IL), with a special UV filter glass
(# 56052371; Atlas Material Testing Technology).
The final UVA PF values of the samples were
determined from the adjusted absorbance spec-
trum after irradiation and used to calculate UVA
PF/SPF ratio.

RESULTS
The SPF values and active ingredients of the 20

tested products are listed in Table I. Most the
products were lotions. Three products (2, 7, and
10) were sprays. Two products (1 and 2) had an
SPF of 15, 6 products (3-8) had an SPF of 30, 8
products (9-16) had an SPF of 50, 55, and 501, and
4 products (17-20) had an SPF of [60, ranging
from 60 to 1001. Sixteen products (1, 2, 4, 6-8, 10,
12-15, and 18-20) included avobenzone, and 4
products (3, 11, 16, 17) contained inorganic sun-
screen ingredients (titanium dioxide and zinc
oxide).

The measured indices of CW and UVA PF of
these products are shown in Table II. The CW of
the tested sunscreens ranged from 367 to 382,
while the UVA PF of the products ranged from 6.1
to 32. According to the 2011 US FDA Final Ruling
on labeling and effectiveness testing,16 19 products
(1-16 and 18-20) achieved the requirement of CW
[370 nm. One product (17) was found to have a
CW of 367 nm and did not meet the requirement.
According to the European commission of 2006,19

11 products (1, 2, 4-8, 10, 12, 14, and 15) met the
desired ratio of UVA PF to SPF of [ 1:3, and 9
products (3, 9, 11, 13, and 16-20) did not meet the
criteria.

DISCUSSION
Application of sunscreen has proven to be a

common and effective strategy in the prevention of
photocarcinogenesis and photoaging.20 Protection
against both UVA and UVB is needed to ensure
optimal photoprotection. The FDA’s 2011 ruling has
taken the first step toward improving overall UVA
coverage of sunscreen products marketed in the



Fig 1. Absorbance spectra of two sun protection factor 50
(SPF 50) sunscreens (products 9 and 10) showing differ-
ences in ultraviolet A light (UVA) protection factor (shaded
region). Both sunscreens achieved a rating of critical
wavelength (CW) [370 nm, but only product 10 had a
UVA PF/SPF ratio[ 1:3.

Table II. Measured indices of in vitro ultraviolet A light protection of the 20 sunscreen products tested

Product no. Labeled SPF In vitro CW In vitro UVA PF UVA PF/SPF ratio Passed US standards17
Passed EU

Standards19

1 15 378 9.1 0.61 Yes Yes
2 15 378 7.4 0.49 Yes Yes
3 30 371 6.1 0.20 Yes No
4 30 382 11.8 0.39 Yes Yes
5 30 376 11.9 0.40 Yes Yes
6 30 378 12.4 0.41 Yes Yes
7 30 378 14.8 0.49 Yes Yes
8 30 379 12.2 0.41 Yes Yes
9 50 373 8.2 0.16 Yes No
10 50 377 20.2 0.40 Yes Yes
11 50 370 8.6 0.17 Yes No
12 50 379 18.7 0.37 Yes Yes
13 50 377 14.6 0.29 Yes No
14 55 376 18.6 0.34 Yes Yes
15 501 378 20.1 0.40 Yes Yes
16 501 373 6.3 0.13 Yes No
17 601 367 6.4 0.11 No No
18 100 376 23.7 0.24 Yes No
19 100 377 29.7 0.30 Yes No
20 1001 373 32.0 0.32 Yes No

CW, Critical wavelength; EU, European Union; PF, protection factor; SPF, sun protection factor; US, United States; UVA, ultraviolet A light; UVB,

ultraviolet B light.
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United States by requiring that all products labeled as
having ‘‘broad-spectrum’’ coverage have a CW of
[370 nm. In addition, the FDA has acknowledged
that sunscreens with broad-spectrum status and SPF
[15 can ‘‘decrease the risk of skin cancer and early
skin aging caused by the sun.’’16

Despite the progress, it appears that the US
standard (ie, CW $370 nm) for attaining broad-
spectrum status is less stringent than the criteria (ie,
UVA PF/SPF ratio[1:3) set in the European Union.21

Our current study confirms this observation.
Nineteen of 20 (95%) of the sunscreens labeled as
broad-spectrum met CW requirements set forth by
the FDA. However, only 11 of 20 sunscreens (55%)
met the EU requirement of a UVA PF/SPF ratio
of $ 1:3.

There is a distinct trend showing that, as the SPF of
products increase, the number of US sunscreens that
do not meet EU standards also increases. In our
study, 7 of 8 (88%) sunscreens with an SPF#30 were
able to achieve the 1:3 ratio, but only 4 of 8 (50%) of
sunscreens with SPFs of 50, 55, or 551, and 0 of the
sunscreens with SPF $60 were able to do the same.
In addition, no products containing the inorganic
ingredients titanium dioxide and zinc oxide
managed to meet the 1:3 ratio standard, regardless
of the labeled SPF. However, these results should not
be extrapolated for all sunscreens with inorganic UV
filters.

This trend should not be a surprise given the
limited number of effective long-range UVA (340-
400 nm) filters available to US manufacturers.
Currently, there are only 17 UV filters or active
ingredients approved for use in the United States,
including 1 (ecamsule) that is only approved as a
component of certain sunscreen formulations.22 In
addition, the maximum concentration of avoben-
zone, a potent UVA1 filter, is limited to 3% in the
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United States compared to 5% in Europe. Finally, the
US currently does not allow avobenzone to be
combined with inorganic filters, such as titanium
dioxide or zinc oxide. These limitations pose a
significant challenge for US sunscreenmanufacturers
when trying to design products with higher UVA
protection.

There are a number of UV filters currently
awaiting approval from the FDA under the material
time and extent application process. Four of these
filters provide long-range UVA protection. In 2014,
the Sunscreen Innovation Act was passed to expe-
dite the review process for these UV filters,23 but
none have been approved by the FDA. Once
approved, the new filters can offer more options
for manufacturers to create high SPF products with
more UVA protection. Theoretically, sunscreens
using the new UV filters will be able to achieve
the UVA protection required to meet European
standards.

Our study also suggests a way to remedy the
difference between CW and UVA PF/SPF ratio. Both
standards are in vitro measurements created to assess
degree of UVA protection. However, as we can see
from the data, the current FDA ruling of CW$370 nm
is an easier passing standard compared to the EU
UVA PF/SPF ratio[ 1:3. Instead of abandoning the
CW standard, we can simply raise the passing mark
of CW, at least for sunscreens with SPFs \50. Our
data show that for sunscreens with SPF \50, any
product with CW$375 nm will pass the EU UVA PF/
SPF standard. It is also clear that sunscreens with
high SPFs (eg, 100) will require a much higher CW
value. By increasing CW standards for sunscreens
with higher SPF, US sunscreens may be able to meet
the same stringent UVA protection criteria set in the
European Union.

The SPF value and broad-spectrum status are 2
critical elements that influence consumers when
choosing sunscreen products. Our study found that
within each SPF category there can be a wide range
of CW measurements for the tested products. Not all
sunscreens with the broad-spectrum label will offer
the same degree of UVA protection. The absorbance
spectra of 2 SPF 50 products (9 and 10) that met US
standards for CW show that the products do not
confer the same level of UVA protection (Fig 1). As a
result, US consumers cannot readily discern the
degree of UVA coverage offered by 2 sunscreens of
the same SPF and broad-spectrum label. In fact, we
see there is 1 product (13) that failed the in vitro
CW test.

The limitation of the study is that it only investi-
gated a small number of products available in the
United States. The products that were included were
selected to represent themost popular products from
well-known brands that are readily accessible to
consumers.

In conclusion, the harmful effects of excessive
UVA radiation have been well elucidated. Currently
there is no global consensus on the testing and
labeling of sunscreens for UVA protection. The FDA’s
2011 ruling provided the groundwork to ensure
there is a standard for measuring UVA protection,
but it appears this standardmay be less stringent than
the criteria set by the European Union. To match the
same level of UVA protection, the FDA can raise the
CW requirement depending on the SPF of the prod-
uct. Finally, sunscreen manufacturers in the US need
access to new UVA filters, new combinations of UVA
filters, and higher permissible levels of UVA filters to
produce sunscreens with better UVA protection.
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