Photochemistry and Photobiology, 20**, **: *—*

Research Article

W) Check for updates

Sun-protective Properties of Technical Sportswear Fabrics 100%
Polyester: The Influence of Moisture and Sweat on Protection against
Different Biological Effects of Ultraviolet (UV) Radiation

José Aguilera™
and Maria V. de Galvez'

, Enrique Navarrete-de Galvez?, Cristina Sanchez-Roldan’, Enrique Herrera-Ceballos

1

'Photobiological Dermatology Laboratory Medical Research Centre, Department of Dermatology and Medicine, School of

Medicine, University of Malaga, Malaga, Spain

2Project Engineering Area, Department of Graphic Expression Design and Projects, University of Malaga, Malaga, Spain
Received 27 March 2022, accepted 22 July 2022, DOI: 10.1111/php.13679

ABSTRACT

The use of technical sportswear is now widespread, but the
degree of protection these fabrics offer against UV radiation
is not known. We have analyzed the capacity of different
types of technical sportswear fabrics to protect against differ-
ent UV biological effects. A sample of 34 100% polyester t-
shirts from different manufactures was classified by color,
fabric structure, cover factor, and due to different tonalities,
dark, and clear color. Ultraviolet protection factor was calcu-
lated according to UNE-EN13758. The protection factor for
other biological effects as pre-vitamin D; production, non-
melanoma skin cancer, photoimmunosuppression, and pho-
toaging was analyzed. The effects of moisture and sweat in
protection were also evaluated. From the analyzed sample
garments, more than 75% achieved an excellent protection
value (protection factor 40-50+). Higher values were found
in double-layer type (P < 0.05). Cover factor was the main
determinant of biological protection factors with correlation
coefficients of 0.81 for UPF (erythema), 0.77 for NMSC, and
0.63 for photoimmunosuppression. Water or sweat humidity
saturation increased biological protection factors over a 20%
(P < 0.05). The 83% of the fabrics analyzed showed less than
5% of transmittance with labeling as UVA protective ele-
ments. No effect of fabric color was found related to biologi-
cal protection factors. The 100% polyester sports T-shirts of
the analyzed sample offer general protection against UV for
different biological effects that can be increased by humidity
but no affected by fabric color.

INTRODUCTION

Sufficient awareness about the harmful effects of prolonged sun
exposure is generally lacking, particularly among young sport
people (1,2). Exposure to UV radiation from the sun without
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adequate protection is the strongest risk factor for melanoma and
non-melanoma skin cancers. Professional and amateur athletes
spend a lot of time outdoors during times of peak radiation (e.g.,
periods of warm weather and between 10:00 and 16:00), and
many of them have been doing this since they were children as
well as people under immunosuppression treatments (3,4). They
are thus particularly vulnerable to the effects of UV radiation.
Achieving full sun protection in this population is a key social
objective, and the World Health Organization recommends using
sunscreen and wearing sunglasses, a hat, and other protective
clothing as a first line of defense. As second line of defense,
intake of antioxidants that prevents potential oxidative damage is
also recommend (5) (although its effectiveness in animals has
been demonstrated, in the case of humans it still requires more
level of evidence). The growing demand for sun-protective cloth-
ing among athletes has generated new lines of work and research
in the textile industry aimed at identifying new fibers and combi-
nations of dyes, detergents, and finishing products that offer high
levels of protection (6,7). The methods for testing, evaluating,
and marking sun-protective clothing in Europe are specified in
the standards EN 13758-1:2001 + A1:2006 and EN 13758-
2:2003 + A1:2006 (8-10). A fabric’s UV protection factor
(UPF) of a fabric is the quantification factor for its photoprotec-
tion potential in preventing erythema on skin. Its value is deter-
mined as the ratio between the effective spectrum of the
erythema calculated as product of CIE erythema action spectrum
and the emission spectrum of the source, and the same effective
spectrum of the erythema affected by the transmittance of the
garment. Erythema has been considered as reference effect due
to different reasons: it is an easy method to produce, easy to
measure, cheap, with a well-defined associated action spectrum
and known dose values for each type of Fitzpatrick skin. How-
ever, in spite the existence of this official standard for fabric
photoprotection based on erythemal effect on human skin, a ser-
ies of different biological effects take place in the skin after
exposure to solar radiation that need to be considered for the
complete evaluation of the photoprotection offered by fabrics,
with special emphasis on UVA protection. Recently, photopro-
tection level of different tools as sunscreen is adapting claims
related to other biological effects as photoimmunesupression,


https://orcid.org/0000-0002-1911-111X
https://orcid.org/0000-0002-1911-111X
https://orcid.org/0000-0002-1911-111X
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1111%2Fphp.13679&domain=pdf&date_stamp=2022-08-04

2 José Aguilera et al.

oxidative stress production, photoaging or non melanoma skin
cancer production related to both UVB and UVA parts of the UV
spectrum. Chronic effects include photoaging and skin cancer.
Based on the well-known action spectra for those biological
effects, different biological protection factors for the fabric can be
calculated and in a previous work for different types of fabrics
(11). To guarantee a good level of photoprotection of a garment
in accordance with the indicated standards, the value of the UPF
parameter determined as indicated must be at least 40. Untested
garments, by contrast, offer no guarantees, as despite their appear-
ance, they might not have sufficient properties to block poten-
tially harmful levels of radiation (12). UPF can be affected by a
range of factors, such as stretching, moisture, and wash and wear
(13). For different types of fabric typically used in summer cloth-
ing (11), the main conclusion was that it is necessary to point out
the importance of analyzing the range of fabrics used in outdoor
clothing and informing consumers about their properties due to
the high variability of protection factors. Desirable properties of
sportswear include comfort, elasticity, lightness, ease of washing,
hypoallergenic, and high breathability (14).

The polyester technical fabrics are functional materials made
of very fine threads (10 000 threads g~') 100% single- or
double-layer polyester designed for sports and other uses. This
material has the properties listed above.

Although the value of UPF is fundamentally dependent on the
transmittance in the UVB spectrum band, it is important, not
least the transmittance in the UVA band, especially in photosen-
sitive patients, where most of the photosensitive lesions are
caused by this region of the spectrum. Even small doses can
cause acute reactions. Therefore, a low transmittance value in the
UVA range is also desirable for this type of garment (2).

The risk of skin damage increases at latitudes close to the
equator, where the irradiance values are maximum, and conse-
quently the UV doses received for the same periods of exposure
are also maximum (15). In these circumstances, training sessions
that require long periods of exposure, involve extreme exposure,
and a significant increase in the risk of skin lesions (16). In lati-
tudes corresponding to the center and south of Spain, in summer,
at noon, ultraviolet index values over 9 are recorded (17,18),
which also require consideration. So, sportswear, and particularly
that designed for outdoor use, must provide effective protection.

The aim of this study was first, to analyze the degree of pro-
tection offered by 100% polyester technical fabrics against UV
radiation and in relation to different biological effects on the
skin. The fabric cover factor, as the percentage area occupied by
fibers, aspect that depends on its structure and finishing treat-
ments, has been correlated to the different biological protection
factors as well as the effect of the humidity in the case of water
or sweat as well as the effect of the fabric color.

MATERIALS AND METHODS

A sample of 34 randomly selected 100% polyester technical t-shirts of
different brands, colors, and types of wefts from those available in the
different market outlets was taken as a sample census. Among the brands
of the selected garments are Gric, Aqua royal tecnic, Bike 55, Inverse, R
run & pro, Roly, Puma, Adidas, and Kalenji. Microscopical observations
of fabrics, textures, and their structure due to similar fabrication
procedures allow to classify the sample set according to the type of
structure: single-layer, single-layer optical brightener, double-layer elastic
perforated simple, double-layer elastic perforated double, and double-
layer nonelastic perforated (Table 1).

The spectral transmittance of all the garments of our sample census
in the range 290 nm to 400 nm was determined. An Oriel 300 W
solar simulator (Newport Co., Irvine, CA) and a MACAM SR-2271
double monochromator spectroradiometer (Irradian Co., Scotland, UK)
connected by fiber optic cable to an UV sensor type Ulbricht integrat-
ing sphere were used, equipment calibrated annually both in wave-
length and irradiance at the National Metrology Center of Spain
against certified UV-Visible calibration lamp. Direct measurement of
the solar simulator radiation was made and subsequently with interpo-
sition of each of the fabric samples belonging to each of the garments
in our study. Each sample was evenly distributed and unstretched on
the integrating sphere sensor and illuminated by the solar simulator.
The distance between the solar simulator and the integrating sphere
sensor was 10 cm.

UPF values were calculated as per EN 13758-1:2001 + A1:2006
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where E is spectral irradiance; €, relative erythemal action spectrum (19);
and T, transmittance of the fabric.

The final UPF for each fabric type was calculated as the lower limit
of the 95% confidence interval computed using the t-distribution for the
mean of five samples. Each of those five samples corresponded to the
mean value of transmittance of 10 different part of the T-shirt:

UPF = UPF—tag. 1*— )
Jn

where UPF is the ultraviolet protection for each type of fabric; UPF is
the mean UPF value for a sample of n elements; foy.,—1 is the t-
distribution value for a 95% confidence interval for a sample of n—1 ele-
ments; s is the standard deviation for n elements; and n is the number of
elements in the sample. So, following the standard, the final UPF is the
lowest UPF found into the confidence interval.

Three UPF categories were created in accordance with the EN 13758-
2 (2003 + A1:2006) standard on sun-protective clothing (9): excellent
(40-504), very good (25-39), and good (15-24). A UPF of <15 was
considered to afford low protection.

As UPF is based on the erythemal effect of UV radiation, mainly due
to the UVB part of the UV spectrum, recently, other biological effects,
which wavelengths responsible are also UVA depending. Skin oxidative
stress, immediate pigmentation, or the UV biological effect on photoim-
munesupression are actually of interest in dermatology and their action
spectra are clearly defined. So, we include those effects for a broader
photoprotection potential of the sport fabrics.

The procedure of calculations is the applied to obtain the UPF factor
(referred to erythema) of the technical fabrics analyzed. So equivalent
factors were determined referring to the different effects contemplated in
our study. For each biological effect, the protection factor is calculated
by the ratio of the integral from 290 to 400 nm of the reference solar
spectrum irradiance convoluted by the relative value of corresponding to
the action spectrum (ranging from 0-1) divided by the solar spectrum
irradiance convoluted by the action spectrum and the transmittance of the
fabric at that wavelength (see Formula (1)). The action spectra selected
were that of previtamin Dj production (20), NMSC (21), photoimmune-
supression (22), and photoaging (23).

Cover factor was determined by analyzing magnified images of the
fabrics analyzed. Each sample was analyzed under a Nikon Eclipse E-
400 optical microscope with a magnification of x40 and a fully open dia-
phragm and iris. Grayscale images of each sample were captured on a
Polaroid DMCI digital microscope camera attached to the ocular lens of
the microscope (Fig. 1). These were then processed using Visilog soft-
ware (v 6.3, Noesis, France), which assigns each pixel a grayscale value
between O (ideal black) and 255 (ideal white). The cover factor (area
occupied by fibers) was calculated as the percentage of open areas rela-
tive to fabric; areas with pixels values over 155 were considered to be
space. The cover factor percentage was calculated by subtracting the
open space percentage from 100%. The final percentage was calculated
as the mean of 10 measurements from different areas of each of the five
fabric samples.

A correlation study was carried out between the different biological
factors studied and cover factor and between the UPF factor and UVA
transmittance.
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Table 1. UPF and protection values for different biological effects associated with UV radiation according to cover factor, color, and number of washes.
UVA transmittance and protection rating according to the EN 13758-2 (2003 + A1:2006) standard are also shown.

Lightness Cover UVA Protection
Color (L*) Fabric type Washes No. factor % UPF VitD; NMSC PHINM PHAG (% Transmittance) rating
White 89 Single-layer 0-15 60 14 17 14 12 10 9.8 Low
White 78 0-15 69 24 25 26 25 21 52 Good
Sky blue 65 0-15 76 24 43 27 23 11 12.0 Good
Black 21 0-15 51 10 10 10 9 9 11.2 Low
White 92 Single-layer optical 15-30 82 66 221 79 43 32 3.1 Excellent
White 88 brightener 0-15 90 67 84 77 60 47 2.2 Excellent
White 85 0-15 89 47 43 48 49 40 22 Excellent
White 86 Double-layer elastic 0-15 80 47 52 55 49 41 2.5 Excellent
Green 55 perforated simple 3045 79 39 72 45 30 17 59 Very good
Green 51 0-15 77 42 51 43 36 25 39 Excellent
Yellow 74 0-15 82 47 48 50 52 38 2.5 Excellent
Yellow 77 0-15 82 44 65 52 38 21 4.7 Excellent
White 91 Double-layer elastic 0-15 85 53 64 64 49 31 35 Excellent
White 93 perforated double 0-15 75 34 38 37 31 26 39 Very good
Yellow 71 15-30 87 61 105 75 49 26 3.6 Excellent
Orange 55 30-45 73 26 27 28 29 21 33 Very good
Orange 52 15-30 92 61 167 71 45 30 34 Excellent
Green 49 15-30 75 47 64 53 44 22 5.1 Excellent
Green 45 0-15 76 46 63 53 42 26 39 Excellent
Red 29 0-15 82 59 163 68 46 32 32 Excellent
Red 28 30-45 82 45 48 54 56 41 2.5 Excellent
Red 24 0-15 78 44 58 47 37 26 4.0 Excellent
Maroon 16 0-15 79 42 51 45 37 30 32 Excellent
Dark blue 9 0-15 94 81 65 82 117 114 0.9 Excellent
White 89 Double-layer nonelastic  15-30 90 95 84 113 128 107 1.0 Excellent
Sky blue  55.5 perforated 0-15 91 67 85 81 78 50 2.6 Excellent
Blue 26 15-30 82 54 99 60 39 22 5.0 Excellent
Blue 35 0-15 89 68 97 76 64 31 39 Excellent
Dark blue 11 0-15 96 84 71 95 119 97 1.0 Excellent
Dark blue 15 0-15 92 84 77 95 119 97 1.0 Excellent
Red 19 0-15 72 40 42 43 43 29 3.6 Excellent
Red 16 0-15 93 77 148 91 56 30 33 Excellent
Dark gray 24 30-45 77 49 53 56 54 42 2.3 Excellent
Black 7 3045 73 32 28 35 44 35 2.6 Good

NMSC = nonmelanoma skin cancer; PHAG = photoaging; PHINM = photoimmunosupression; UPF = ultraviolet protection factor; UVA = UVA trans-

mittance; Vit D3 = previtamin Ds.

The influence of humidity on the different biological factors of fabrics
was evaluated by analyzing the effects of water and sweat on five single-
layer stretch fabric samples and five double-layer stretch fabric samples.
To determine the influence of water, distilled water was used. For sweat,
collected sweat (30 mL) from a volunteer wearing a plastic T-shirt fas-
tened at the waist by an elastic band who was asked to run at a fast pace
on a treadmill for 30 min was used. Both the collected sweat and dis-
tilled water were placed in a bottle and stored overnight at 4°C. The tests
were carried out the following morning by the same procedure indicated
above. In all cases, 5 X 5 cm® fabric samples (five samples per fabric)
were immersed in distilled water or sweat and placed on filter paper to
remove excess liquid.

The final biological factor for the single-layer and double-layer fabric
types in the cases of dry, wet water and wet sweat fabrics were calcu-
lated as the 90% confidence interval according to the normal distribution
for the mean of five samples:

¥

where BIO.FACTOR is the ultraviolet protection for each type of fabric
and each type of biological effect; BIO.FACTOR, the mean value of the
biological effect considered for a sample of n elements; Z%, the normal
score for a 90% confidence interval; s, the standard deviation for n ele-
ments; and n, the number of elements in the sample.

The effect of color related to different biological protection factors
has been analyzed taking into account the differentiation factor of dark
color related to clear color. In this way, different color tonalities that
could allow to more result variability was simplified by using the level of

BIO. FACTOR = BIO.FACTOR =+ Zxy* 3)

dark and clear tonalities. Those tonalities were measured by means of a
Color meter (Dermalab, Cortex Tech. Copenhagen, Denmark) based on
the CIELAB or L*a*b* color space model (from International Commis-
sion of Illumination CIE) that enables accurate measurement and compar-
ison of all perceivable colors using three color values. In our case, the L*
data, regarding lightness from black to white on a scale of zero to 100
was used. Values of a* (from green to red color) and b* (from blue to
yellow) represent chromaticity with no specific numeric limits. Fabric
with L* data lower from 40 corresponded to dark colors, and L* values
over 40-100 were selected as clear colors.

Statistics. Significant differences between the mean protection values
corresponding to the different groups resulting from the proposed
classification (single-layer, single-layer optical brightener, double-layer
elastic perforated simple, double-layer elastic perforated double, and
double-layer nonelastic perforated) as well as the fabric humidity test were
studied by one-way analysis of variance (ANOVA) followed by the Tukey
B test in order to analyze the differences by group. Statistical significance
was set at P < 0.05. Comparison of mean L* color dark color values (0—
40) with respect to clear L* values were compared by Student t-test
analysis. Pearson correlation test was carried out between the different
biological factors studied and cover factor, between the UPF factor and
UVA transmittance and between, cover UPV and color lightness.

RESULTS

The results corresponding to the values of the different factors
studied, UPF (erythema), Vitamin D3, NMSC, photoimmunesu-
pression, and photoaging are shown in Table 1. Considering the
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Figure 1. Microscopic image of different 100% polyester technical fabrics analyzed. Magnification x40. (A) single-layer, (B) single-layer with optical
brightener, (C) single-layer elastic, (D) double-layer elastic, (E) double-layer nonelastic.

classification (Biological Factor 40-50+) excellent, (Biological
Factor 25-39), very good (Biological Factor 15-24), good (Bio-
logical Factor < 15), and low, we find that in the case of UPF,
76% of garments offer excellent protection, 12% very good, 6%
good and 6% low. For Vitamin D3, 82% of garments offer excel-
lent protection, 12% very good, 3% good, and 3% low. For the
NMSC, 79% of garments offer excellent protection, 15% very
good and 6% low. For photoimmunesupression, 65% of the gar-
ments offer excellent protection, 26% very good, 3% good and 6%
low. For photoaging, 29% of garments offer excellent protection,
44% very good, 18% good and 9% low.

The trend of biological effects that are directly proportional to
UVB radiation, such as non-melanoma skin carcinoma and pho-
toimmunesupression, follow a trend similar to that of UPF. More
approximate in the case of the non-melanoma skin carcinoma.
Biological effects that are inversely proportional to UVB radia-
tion show an inverse trend. Such is the case of the potential pro-
duction of provitamin D3, which was low in all fabrics due to
their low permeability to UVB radiation.

With regard to the transmittance in the UVA range, the results
collected in Table 1 indicate that only 21% of the garments ana-
lyzed have a transmittance in this range >5%.

From the optical analysis and according to the values in Table 1,
we can say that 24% of the garments have cover factor greater than
90%, 32% cover factor between 80-89%, 35% cover factor between
70-79%, 6% between 60—69%, and only 3% less than 60%.

The ANOVA analysis performed for the UPF factor by type
of fabric showed significant differences (P < 0.01). The subse-
quent Tukey B test shows that these differences occur between
the single-layer type fabrics and the rest of the types (bright sin-
gle layer and double layer) (P < 0.01). Between gloss single-
layer fabrics and all the double-layer types no significant differ-
ences were found.

From the correlation study between variables, the relationships
shown in Fig. 2 were obtained, with Pearson correlation coeffi-
cients >0.75 for the cases of UPF f(Cover factor) and NMSC,
higher than 0.60 for the cases of photoimmunesupression and
UFP f(UVA transmittance) and below for the rest of the cases.



Figure 3 shows the mean values of biological protection fac-
tors of fabrics when saturated by water and sweat. The single-
layer type saturated with water significantly (P < 0.05) increased
the value of all the biological factors analyzed, 22.6% vitamin
D, 28.5% UPF, 29.7% NMSC, 33.2% photoaging, and 35.5%
photoimmunesupression. In the case of sweat, the increases
(P < 0.05) were 32.7% vitamin D, 30.8% UPF, 33.6% NMSC,
29.7% photoaging, and 34.8% photoimmunesupression. In the
double layer, the water produced a decrease of 21% vitamin D,
2.2% UPF, 2% NMSC and an increase of 15.1% photoaging,
and 14.5% photoimmunesupression. In the case of sweat, we
only have increases of 19.2% vitamin D, 21.3% UPF, 24%
NMSC, 13.5% photoaging, and 21.8% photoimmunesupression
(see Fig. 3).

In order to analyze the fabric color with respect to biological
protection factors, measurements of the lightness level of the fab-
ric associated to color were done by using a color meter that
offers L* values from dark to clear colors (0-black to 100-white)
as shown in Table 1. In Fig. 4, the fabric cover as well as the
fabric UPF as example of biological protection with respect to
the L* values are shown. The regression lines did not show any
significant relationship between color lightness with respect to
protection level (regression coefficients of 0.0025 and 0.0258).
So, no color effect was observed. The Student t-test between
mean L* values of darker colors (040 lightness level) and bright
color did not show significant differences (P = 0.078).

DISCUSSION

Good weather favors the practice of outdoor sport, but this is
when UV radiation levels from the sun’s rays are at their highest.
Outdoor athletes have an increased risk of diseases linked to
chronic UV radiation exposure (24). In this study, we analyzed
the barrier properties of technical sportswear fabrics against the
sun and its effects. We calculated specific UPF values for the
fabrics analyzed according to EN 13758-1 (2001 + A1:2006),
equivalent factors referred to others biological effects and also
analyzed the influence of sweat and water.

Some studies have reported that approximately one-third of all
summer clothing, including sportswear, has a UPF of <15,
(11,13), which means that it does not offer enough protection
against solar erythema. A garment’s UPF rating is influenced by
several factors, including the type of fabric (25). Cotton and
linen, for example, which typically have a plain-weave pattern,
rank low in protective capacity, while most knit garments offer
high or very high protection.

Our results show that the percentage of technical fabrics ana-
lyzed that offer excellent protection varies depending on the type
of effect. In general, the percentage that reaches this level of pro-
tection is greater than 75% for all purposes, being slightly less
than 65% in the case of photoimmunesupression and low for
photoaging with only 29% of garments, the latter case as a result
of a action spectrum with more effective wavelengths in higher
ranges of the spectrum from 315 nm.

In view of the data obtained from the ANOVA for the UPF
based on the type of fabric structure, we conclude that the group
of single-layer garments significantly affects the percentages indi-
cated above, with the levels of protection achieved by these gar-
ments and for this factor of good and to a greater extent low.
Considering the similarity between the action spectra associated
with UPF, NMSC and the synthesis of vitamin D3 and the data
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recorded in Table 1, we can extend this conclusion to these
effects. The nonconsideration of single-layer garments modifies
the levels of protection achieved by effect as follows: 87% for
UPF, 90% for the synthesis of Vitamin D3, 90% for photoim-
munesupression, and 30% for photoaging.

Based on the foregoing, we can state that, of the sample of
garments analyzed, those with a double-layer or single-layer
gloss structure will generally offer excellent protection against
erythema, vitamin D3 synthesis, NMSC, and photoimmunesu-
pression. Effective protection against photoaging will require
other types of fabric structures or finishing treatments.

Based on the results of our regression analysis, in which the
different biological factors are matched with the level of cover
factor offered by the different fabrics of the garments that make
up our sample census, we can say that cover factor is the con-
trolling factor for the case of UPF, NMSC, and photoimmunesu-
pression. This aspect seems contradictory since sportswear
technical fabrics are designed to guarantee high breathability and
elasticity (14).

Previous studies have shown that fabrics would need a cover
factor of 90%, 95%, 97.5%, and 99.5% to provide a UPF value
of 10, 20, 40, and 200, respectively, while others have reported
percentages of the 90%, 94%, and 96% for values of 15, 25,
and 40. The cover factor factors in our series were lower: 57%
for UPF 15, 68% for UPF 25, and 78% for UPF 40, probably
because the structure and 100% polyester fabric differs from
100% cotton. In a previous study of summer fabrics by our
group, we studied these differences at the microscopic level
(13).

Porosity largely depends on type of weave and finish, two
important considerations when designing high-performance
sportswear. Single-layer fabrics were the most porous, with
porosity decreasing with number of layers. The other fabrics had
a cover factor of over 70%, and the majority (75%) offered
excellent protection against the sun’s rays. Adding an optical
brightener modifies the texture of a fabric, reducing its porosity
(Fig. 1) and altering its optical properties and hence reflectance.
By increasing the proportion of light reflected off the surface,
optical brighteners would theoretically reduce the amount of inci-
dent light falling on the skin.

Design decisions and choice of sportswear for particular
sports should be based on prior studies of UV radiation exposure
levels. Athletes should not wear garments with a UPF of less
than 40 in locations or at times of the year with a UV index of
9-10 in the midday sun. An athlete with unprotected Fitzpatrick
type II skin on such a day, without cloud cover, would be
exposed to a UV radiation dose over 20 times the minimal ery-
themal dose (MED). The use of sportswear with a UPF of 40 or
higher in the same conditions would reduce the dose received by
covered skin to 1 MED at most (9,13).

Exposure to UV radiation is the main risk factor for NMSC
(25), which is associated with a very similar action spectrum to
that of erythema (26). The fabrics analyzed offered excellent pro-
tection against erythema and consequently against NMSC. UV
radiation also has a deleterious effect on skin immunity, mostly
through DNA damage to Langerhans cells. UVA and high-density
radiation in the visible spectrum induce delayed effects such as
oxidative stress, which is associated with photoimmunesupression
(27). Overall, 94% of the fabrics studied had a UVA transmittance
of less than 10%, meaning they offer excellent protection against
UVA-induced damage; however, to label a garment according to
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Figure 2. Regression functions showing (A) UPF factor values versus cover factor [%], (B) Vitamin D3 factor values versus cover factor [%], (C)
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the standards of EN 13758-2:2003 + A1:2006, the transmittance
corresponding to the UVA band must be <5%, which occurs in
83% of the fabrics studied. As can be seen in Table 1, there is a
certain correlation between the UPF values and the transmit-
tance in the UVA range, thus, we can indicate that in general
UPF values greater than 40 achieve UVA transmittances of
<5% (see Fig. 2). These results warn that the type of technical
fabric analyzed not only achieves good UPF values, fundamen-
tally affected by the UVB band, but also achieves good

protection values against UVA, radiation with a significant con-
tribution to photocarcinogenesis, photoaging, and other photo-
sensitive disorders. This good behavior against UVA radiation
is a parameter of special consideration for athletes with photo-
sensitive dermatoses such as polymorphous light eruption, solar
urticaria, chronic actinic dermatitis, porphyria, and photo-
allergic/phototoxic dermatoses (28).

UV radiation, mostly within the UVB range of the spectrum,
also has a role in stimulating the production of provitamin D3.
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ANOVA.

This is a beneficial effect, which could be reduced by the use of
technical fabrics with high levels of protection against UVB radi-
ation. In other words, under normal conditions of sun exposure,
the body would not receive a sufficient dose of UVB radiation to
effectively stimulate the production of sufficient amounts of vita-
min D3. Parisi and Wilson (29), in a study of manikins wearing
T-shirts exposed to sunlight for 3 h, reported that covered areas
of the body received 0.22 MEDs, which is insufficient to stimu-
late the production of vitamin D3. Unexposed areas, by contrast,
received 15 MEDs (the skin type tested was type II). Nonethe-
less, it should be noted that sun-protective fabrics would not
have a particularly relevant impact on provitamin D3 production,
as unexposed parts of the body (e.g., the face, arms, or legs)
would receive sufficient doses of sunlight. An MED of 0.25, for

example, is considered sufficient to produce healthy levels of
provitamin D3 (1000 IU) (30).

Sweat or water can alter the optical and thus sun protection
properties of a fabric by changing the scattering of light (32).
When a fabric gets wet, the yarn absorbs water and expands,
reducing the percentage of free space, particularly in hydrophilic
fabrics, such as cotton and linen. Polyester is hydrophobic and,
therefore, moisture should not affect its three-dimensional struc-
ture, but solar scattering and, consequently, its ability to protect
against UV radiation. Our results confirm that this is the case.
The immersion in distilled water increased an average of 30%
the value of the different biological factors of the fabrics of a
single-layer, in the case of double layer the water decreased the
biological factors associated with the effects of erythema,
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NMSC, and synthesis of vitamin D3, and an average increase of
15% in factors associated with photoimmunesupression and pho-
toaging. However, immersion in sweat resulted in significantly
greater protection in both cases, with an average increase of 32%
in single-layer fabrics and 20% in double-layer fabrics. This
greater effectiveness of sweat is probably due to the fact that
sweat contains substances that absorb UV rays, such as urocanic
acid, and other substances, such as cell particles, that could help
block some of the radiation.

The fabric color, differentiated by dark and clear color, did
not significantly affect the biological protection factors. In the
case of fabrics of different materials such as linen or cotton, we
have previously described the effect of dark color in the protec-
tion factors for different biological effects (11). However, in the
case of polyester fabrics, the dyeing of the yarn do not confer
more protection capabilities may be due to a different dyeing
process in the yarn fabrication. In case of natural fabrics, the
dyeing is done or by exhaustion, or saturating the yarns with dye
due to affinity or by impregnation of the fiber with a dye solu-
tion. Thus, the dye is joined to yarn as an external compound
with a consequent decrease in space between yarns as well as
their absorption properties. In case of polyester yarn dyeing,
named “dope dyed” yarn, the dyes are added directly to the poly-
mer melt before the extrusion process, the dyes are uniformly
dispersed in the polymer and after extrusion are permanently
integrated into the structure of the resulting yarn. So, the space
between yarns that allows the cover effect of the fabric is not
affected, and we have found no color effect on the biological
protection factors.

CONCLUSIONS

The sample analyzed of 100% polyester two-layer and gloss
single-layer technical sports fabrics offer excellent protection
against erythema (UPF), NMSC, and immunosuppression in
more than 70% of the cases studied. The remaining 30% offers
very good protection. The effectiveness of protection against
photoaging of these garments is significantly reduced, reaching
an excellent rating of only 33% of the garments and 47% very
good. On the contrary, they hinder the synthesis of Vitamin D,
increasing the required sun exposure times from 27 times
onward. UVA transmittance is less than 5% in 93% of the gar-
ments.

The protection offered by monolayer type fabrics for the dif-
ferent biological effects is mostly low.

The cover factor acts as a controlling variable in the values of
the UPF factor and the NMSC factor, where the trends are
adjusted to an exponential function with correlation coefficients
of 0.81 and 0.77, respectively, and being very influential for the
rest of the biological effects.

In single-layer garments, both sweat and water affect posi-
tively and to a similar extent the value of all the factors studied.
In double-layer garments, sweat increases the value of all factors.
Water has little significant influence on the UPF and NMSC fac-
tors, positive on the photoimmunity and photoaging factors, and
negative on the Vitamin D factor.

Acknowledgements—This research is part of the project funded by the
State Programs of Generation of Knowledge and Scientific and
Technological Strengthening of the System from the Spanish Ministry of
Science and Innovation, Grant/Award Number: PID2020-117224RB-100.
This work is part of the research of the Institute of Biomedicine of
Malaga (IBIMA) and the Junta de Andalucia working group CTS-162.
Funding for open access charge: Universidad de Mélaga / CBUA.

REFERENCES

1. Bélanger, M., K. Gray-Donald, J. Oloughlin, G. Paradis and J. Han-
ley (2009) Influence of weather conditions and season on physical
activity in adolescents. Ann. Epidemiol. 19, 180-186.

2. Gambichler, T., I. Rooms and L. Scholl (2016) Chapter 24: Princi-
ples and Practice of Photoprotection. Springer Berlin Heidelberg,
New York, NY.

3. Garcia-Malinis, A. J., T. Gracia-Cazana, M. Zazo, J. Aguilera, F.
Rivas-Ruiz, M. de Troya Martin and Y. Gilaberte (2021) Habitos y
conocimientos sobre fotoproteccion y factores de riesgo para que-
madura solar en corredores de maratones de montaia. Actas Der-
mosifiliogr. 112, 159-166.

4. de Galvez, M. V., J. M. Ruiz Sanchez, M. Navarrete-de Galvez, J.
Aguilera, M. de Troya-Martin, F. Rivas-Ruiz and E. Herrera-
Ceballos (2019) Sun exposure risks in athletes who were recipients
of solid organ and bone marrow transplants. J. Am. Acad. Dermatol.
81, 253-255.

5. De Galvez, M. V. (2010) Antioxidants in photoprotection: Do they
really work? Actas Dermosifiliogr. 101, 197-200.

6. Sarkar, A. K. (2004) An evaluation of UV protection imparted by
cotton fabrics dyed with natural colorants. BMC Dermatol. 4, 15.

7. Ugur, S. S., M. Sarugik, A. H. Aktag, M. C. Ucar and E. Erden
(2010) Modifying of cotton fabric surface with Nano-ZnO multilayer
films by layer-by-layer deposition method. Nanoscale Res. Lett. S,
1204-1210.

8. EN 13758-1:20014+A1:2006 — Textiles — Solar UV protective prop-
erties — Part 1: Method of test for apparel fabrics iTeh Standards
Store. Available at: https:/standards.iteh.ai/catalog/standards/cen/
d5c5834e-a798-4855-9435-43b70456¢ca33/en-13758-1-2001a1-2006.
Accessed on 11 May 2022.


https://standards.iteh.ai/catalog/standards/cen/d5c5834e-a798-4855-9435-43b70456ca33/en-13758-1-2001a1-2006
https://standards.iteh.ai/catalog/standards/cen/d5c5834e-a798-4855-9435-43b70456ca33/en-13758-1-2001a1-2006

10.

11.

12.

13.

15.

16.

17.

18.

19.

. EN 13758-2:2003+A1:2006 — Textiles — Solar UV protective prop-

erties — Part 2: Classification and marking of apparel iTeh Standards
Store. Available at: https:/standards.iteh.ai/catalog/standards/cen/
d968fb10-2a29-4c84-a954-a33d9d0e25cf/en-13758-2-2003a1-2006.
Accessed on 11 May 2022.

Gambichler, T., J. Laperre and K. Hoffmann (2006) The European
standard for sun-protective clothing: EN 13758. J Eur Acad Derma-
tol Venerol 20, 125-130.

Aguilera, J., M. V. de Galvez, C. Sanchez-Roldan and E. Herrera-
Ceballos (2014) New advances in protection against solar ultraviolet
radiation in textiles for summer clothing. Photochem. Photobiol. 90,
1199-1206.

Gambichler, T., S. Rotterdam, P. Altmeyer and K. Hoffmann (2001)
Protection against ultraviolet radiation by commercial summer cloth-
ing: Need for standardised testing and labelling. BMC Dermatol. 1,
6.

Laperre, J. and T. Gambichler (2003) Sun protection offered by fab-
rics: On the relation between effective doses based on different
action spectra: Effective doses and action spectra. Photodermatol.
Photoimmunol. Photomed. 19, 11-16.

. Sun, C., J. S. Au, J. Fan and R. Zheng (2015) Novel ventilation

design of combining spacer and mesh structure in sports T-shirt sig-
nificantly improves thermal comfort. Appl. Ergon. 48, 138-147.
Herman, J. R., N. Krotkov, E. Celarier, D. Larko and G. Labow
(1999) Distribution of UV radiation at the Earth’s surface from
TOMS-measured UV-backscattered radiances. J. Geophys. Res.
Atmos. 104, 12059-12076.

Moehrle, M., B. Dennenmoser and C. Garbe (2003) Continuous long-
term monitoring of UV radiation in professional mountain guides
reveals extremely high exposure. Int. J. Cancer 103, 775-778.
Aguilera, J., M. V. de Gilvez, R. Conde, E. Pérez-Rodriguez, B.
Vifegla, R. Abdala, M. Segovia, E. Herrera and F. L. Figueroa
(2004) Series temporales de medida de radiacion solar ultravioleta y
fotosintética en Malaga. Actas Dermosifiliogr. 95, 25-31.

Serrano, M.-A., J. Cafiada and J. C. Moreno (2011) Solar UV expo-
sure of primary schoolchildren in Valencia, Spain. Photochem. Pho-
tobiol. Sci. 10, 523-530.

ISO/CIE 17166:2019(en), Erythema reference action spectrum and
standard erythema dose. Available at: https://www.iso.org/obp/ui#iso:
std:iso-cie:17166:ed-1:v1:en. Accessed on 11 May 2022.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

Photochemistry and Photobiology 9

Internationale Beleuchtungskommission (ed) (2006) Action Spectrum
for the Production of Previtamin D3 in Human Skin. CIE Central
Bureau, Vienna.

British Standard ISO ISO 28077:2006 Photocarcinogenesis action
spectrum (non-melanoma skin cancers). ISO. Available at: https:/
www.iso.org/cms/render/live/en/sites/isoorg/contents/data/standard/04/
44/44492 .html. Accessed on 6 April 2022.

De Fabo, E. C. and F. P. Noonan (1983) Mechanism of immune
suppression by ultraviolet irradiation in vivo. I. Evidence for the
existence of a unique photoreceptor in skin and its role in photoim-
munology. J. Exp. Med. 158, 84-98.

Bissett, D. L., D. P. Hannon and T. V. Orr (1989) Wavelength
dependence of histological, physical, and visible changes in chroni-
cally UV-irradiated hairless mouse skin. Photochem. Photobiol. 50,
763-769.

Mahé, E., A. Beauchet, M. de Paula Corréa, S. Godin-Beekmann,
M. Haeffelin, S. Bruant, F. Fay-Chatelard, F. Jégou, P. Saiag and P.
Aegerter (2011) Outdoor sports and risk of ultraviolet radiation-
related skin lesions in children: Evaluation of risks and prevention.
Br. J. Dermatol. 165, 360-367.

Moehrle, M. (2008) Outdoor sports and skin cancer. Clin. Dermatol.
26, 12-15.

Young, A. R., C. A. Chadwick, G. I. Harrison, O. Nikaido, J. Rams-
den and C. S. Potten (1998) The similarity of action spectra for thy-
mine dimers in human epidermis and erythema suggests that DNA is
the chromophore for erythema. J. Invest. Dermatol. 111, 982-988.
Schwarz, T. and A. Schwarz (2011) Molecular mechanisms of ultra-
violet radiation-induced immunosuppression. Eur. J. Cell Biol. 90,
560-564.

Gambichler, T., J. Laperre, P. Altmeyer and K. Hoffmann (2002)
UVA and UVB transmission of fabrics: Critical wavelength based
on absorbance and effective dose. Exog Dermatol 1, 290-295.

Parisi, A. V. and C. A. Wilson (2005) Pre-vitamin D effective ultra-
violet transmission through clothing during simulated wear. Photo-
dermatol. Photoimmunol. Photomed. 21, 303-310.

Terushkin, V., A. Bender, E. L. Psaty, O. Engelsen, S. Q. Wang and
A. C. Halpern (2010) Estimated equivalency of vitamin D produc-
tion from natural sun exposure versus oral vitamin D supplementa-
tion across seasons at two US latitudes. J. Am. Acad. Dermatol. 62,
929.e1-9.


https://standards.iteh.ai/catalog/standards/cen/d968fb10-2a29-4c84-a954-a33d9d0e25cf/en-13758-2-2003a1-2006
https://standards.iteh.ai/catalog/standards/cen/d968fb10-2a29-4c84-a954-a33d9d0e25cf/en-13758-2-2003a1-2006
https://www.iso.org/obp/ui#iso:std:iso-cie:17166:ed-1:v1:en
https://www.iso.org/obp/ui#iso:std:iso-cie:17166:ed-1:v1:en
https://www.iso.org/cms/render/live/en/sites/isoorg/contents/data/standard/04/44/44492.html
https://www.iso.org/cms/render/live/en/sites/isoorg/contents/data/standard/04/44/44492.html
https://www.iso.org/cms/render/live/en/sites/isoorg/contents/data/standard/04/44/44492.html

	 Abstract
	 INTRODUCTION
	 MATERIALS AND METHODS
	 Statis�tics

	 RESULTS
	php13679-fig-0001

	 DISCUSSION
	php13679-fig-0002
	php13679-fig-0003

	 CONCLUSIONS
	 Acknowledgements
	 REFERENCES
	php13679-bib-0001
	php13679-bib-0002
	php13679-bib-0003
	php13679-bib-0004
	php13679-bib-0005
	php13679-bib-0006
	php13679-bib-0007
	php13679-bib-0008
	php13679-fig-0004
	php13679-bib-0009
	php13679-bib-0010
	php13679-bib-0011
	php13679-bib-0012
	php13679-bib-0013
	php13679-bib-0014
	php13679-bib-0015
	php13679-bib-0016
	php13679-bib-0017
	php13679-bib-0018
	php13679-bib-0019
	php13679-bib-0020
	php13679-bib-0021
	php13679-bib-0022
	php13679-bib-0023
	php13679-bib-0024
	php13679-bib-0025
	php13679-bib-0026
	php13679-bib-0027
	php13679-bib-0028
	php13679-bib-0029
	php13679-bib-0030


