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The aim of this paper is to measure UV exposure for three groups of amateur athletes
in their training/recreational schedules, using VioSpor personal dosimeters and we
found that two of these groups exceeded the international UV threshold level for non

sun-adapted Mediterranean skin.

*Professor Dr. Javier Cafiada passed away in January when the study was in the
development stage.
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Abstract

Exposure to ultraviolet (UV) radiation is the major environmental risk factor in the
development of skin cancers and it occurs mainly during outdoor activities. The purpose
of this study is to quantify the UV exposure suffered by amateur athletes (tennis players,
hikers and runners) in their training schedules. The study on tennis player exposure took
place at a tennis club in Valencia during the month of June 2011. With respect to the
hiking group, the hikes studied took place in several mountainous areas of Spain and
France from June to August 2011. Finally, the exposure suffered by ten runners, while
participating in a running circuit in the province of Valencia, from March to November
2011, was studied. The athletes were monitored using personal dosimeters (VioSpor),
with the tennis players and runners wearing them on the wrist, and the hikers on the
shoulder. The median daily personal UV exposure for the hikers was 8.1 Standard
Erythema Dose (SED), and for the tennis players 7.5 SED, per day of training. The
runners received a median of 14.6 SED while participating in the running circuit, and
about 2 SED per competition day. Median daily UV exposure of the hikers and tennis
players exceeded 5 SED, which means that, in the case of non sun-adapted skin type III
and the non-use of sun protection, erythema may be induced in these subjects. However,
the exposure suffered by the runners did not exceed the maximum personal exposure of
5 SED. Accordingly, it is necessary to encourage the use of high protection sunscreens

and protective clothing, and to avoid UV exposure in the hottest part of the day.

Keywords: Erythemal ultraviolet radiation; UV exposure; personal dosimetry; exposure

ratio; VioSpor.
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Introduction

Ultraviolet solar radiation (UVR) has a significant influence on the health of living
beings. Excessive UV exposure is detrimental to individuals, as it can cause erythema,
sunburn, and cortical cataracts, among other problems, and appears to be a cause of the
development of both melanoma and non-melanoma skin cancers later in life.'™ On the
other hand, sun exposure is also beneficial for human health,”* as appropriate doses give
beneficial physiological effects, such as the synthesis of Vitamin D, essential for bone
mineralization and skeletal health.” It also has beneficial effects with regard to the
prevention of several diseases®' and on mental health.'?

There is evidence that skin cancer and melanoma represent a public health problem
in Spain and the rest of Europe since their incidence has increased significantly in the
last 40 years.">'® With respect to melanoma, its incidence has nearly tripled in the last
40 years at a rate of 4% per year in Europe,17 and up to 80% of all deaths from skin
cancers are due to melanoma.” In Spain, the mortality rate from melanoma has
quadrupled during the 1975-2008 period,'® although in the last decade only a slight
increase in annual mortality has been observed, due to information and prevention
campaigns such as Euromelanoma."

Solar UV exposure mainly occurs during outdoor occupational or recreational
activities. The practice of sport is highly recommended by health organizations due to its
beneficial effects on the cardiovascular system, but it must be borne in mind that
sportsmen/women are potentially exposed to excessive doses of solar UVR, especially
during training sessions on hot days. Several studies indicating the occurrence of skin

20,21

melanomas in marathon runners, cyclists,”? mountain guides® and golfers** support

the idea that participating in outdoor sports can increase the risk of skin cancer.
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The importance of UV radiation and the diseases related to it is demonstrated by the
amount of scientific literature devoted to this area, but the growing number of new cases
of skin cancer around the world has also led to increasing interest among the groups that
are exposed to high levels of solar radiation, with regard to the UV doses they receive in
their daily schedules. Therefore, the purpose of this article is to study the UV exposure
of different groups of sportsmen and women during their training or recreational
schedules. Mountaineering and cycling are among the outdoor recreational activities

with the highest measured UV exposure and the largest number of studies.*>™'

. 28 . 28,31
However, there are few studies on the UV exposure of runners™ and tennis players™

while performing their sport.

Materials and methods

Study location

Regarding hiking group, they undertook six hikes on 12" June, 3", 8" and 9" July and
August 11™ and 12™ 2011 (Table 1). The first two hikes took place in two locations 70
to 100 km away from the city of Valencia. The third hike, lasting two days, was
conducted in Cauterets (coordinates 0° 6 '45°” W, 42° 53 ' N, min.:503 m, max.:3300 m),
a commune in the Hautes-Pyrénées department of south-western France. The last hike,
also two days in duration, took place on the island of La Palma (coordinates 17° 53 ‘W,
28 © 43 “N, highest elevation 2423 m) in the Atlantic Ocean, part of the archipelago of
the Canary Islands (Spain). During the study period, the range of noon solar zenith angle

was between 16.4 and 24.3 degrees.
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The study on tennis player exposure took place at a tennis club in Valencia
(coordinates 0° 22 ' W, 39° 28 ' N, sea level) on 12" and 27" June 5™, 14™ and 20" July,
2011. The study took place at the same time on two different tennis courts with different
orientations with respect to the sun. The noon solar zenith angle was between 16.4 and
18.7 degrees during the research period.

We also studied the dose received by several runners of the Universitat Politécnica de
Valéncia (UPV) athletics club, while they participated in a running circuit with races in
various municipalities of the province of Valencia, from March to November 2011.
These races took place in locations which were 10 to 70 km away from the city of
Valencia. Because the running circuit takes place over several months the range of noon
solar zenith angle range is quite wide, from a maximum of 55.4 degrees in November to

a minimum of 16.4 degrees in July.
<Tablel>

Subjects and design

Participants taking part in the study included: four subjects from a hiking group; four
men (two coaches and two students) from a tennis club; and ten randomly selected
subjects (eight men and two women) from the UPV athletics club. Readings were
discarded for three of the runners as they finished fewer than 4 races and so could not be
considered as representative of the running circuit as a whole.

The subjects filled in a report containing information on the time at which they put
on and took off the dosimeter, the number of hours spent outdoors, the type of activity
and the weather conditions. They were asked not to change their behaviour during the

study and to continue their normal schedule of outdoor activities.
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Personal UV dosimeters

A VioSpor UV dosimetry system (VioSpor, Bio-Sense, Bornheim, Germany)** was
used to measure the UV exposure of these groups of athletes. These dosimeters have

25,33

been used effectively for personal UV measurements in outdoor occupations, and in

recreational activities.”*"

Details of the production and development of the spore films (containing DNA
molecules of Bacillus subtilis) can be found at Furusawa et al.** and Munakata et al..™”
The spore films are covered by a filter system with optical properties extremely similar
to the erythemal response of human skin according to the International Commission on
Ilumination (CIE) reference spectrum.*® The measurements are expressed as a standard
erythema dose (SED),”” where 1 SED is defined as an effective erythemal exposure of
100 J/m* when weighted with the CIE erythemal spectmm.3 % The working range used is
0.5-30 SED and the measurement error is +10%, according to the manufacturer.**

The VioSpor system validation is conducted using in-vivo comparative
measurements.”® The wavelength-specific calibration of VioSpor is performed using
measurements on the Okasaki spectrograph in Japan.**** The conclusions of the paper

by Furusawa et al.*

were that VioSpor dosimeters are a system tat gives reliable results
(with a standard deviation of 12.8% during the field experiments and below 10% under
laboratory conditions) even at low solar elevation angles, as in our paper, and at longer
wavelengths. Furthermore, the VioSpor system was validated during several instrument
inter-comparisons carried out under field conditions and VioSpor data were compared

with the minimal erythema dose values obtained from spectroradiometer data,”” with a

result of VioSpor accuracy of approximately £10%.
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In our study, the personal cumulative solar erythemal UV exposure was measured
with a VioSpor blue line dosimeter Type 1. The hikers used one dosimeter per day
placed on the top of their shoulder for the duration of their recreational day. The tennis
players used one dosimeter per day from 10:00 am to 14:00 pm attached to Velcro straps
on the wrist. The runners used four dosimeters during the study, placed on the wrist,
each one being used in several consecutive races, depending on the distances of the

races, as is shown in Table 2.
Ambient UV exposure

Hiking group. For the two hikes in the province of Valencia, the ambient erythemal
UVR was obtained from the Valencian regional government’s (GV) UVB measurement
network,40 which consists of five radiometers, one of which is located in the city of
Valencia (00°20'09" W 39°27'49" N, sea level), and another is located in Denia
(00°02'09"E 38°49'19" N, 44 m), on a flat roof without obstructions or shade. The
radiometer is a model UVB-1 (Yankee Environment System, YES), which has a spectral
range between 280 and 400 nm and a spectral response similar to the CIE erythemal
action spectrum,’® and so this sensor is capable of measuring the biologically effective
erythemal UVR. The calibration uncertainty was approximately 10%, and consisted of a
measurement of the spectral response of the radiometer indoors and a comparison with a
Brewer MKIII spectroradiometer outdoors.*"** The cosine error was less than 4% for
solar zenith angles below 55° (according to the manufacturer) and a double entry zenith
angle—ozone calibration matrix was used for high zenith angles.*' The error given by the
calibration matrix remained below 9% for zenith angles below 70° for a constant ozone
value of 300 Dobson Units (DU). Another calibration of this radiometer was performed

by the Earth Physics Department of the Universitat de Valéncia by comparison with an
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Optronic OL-754 spectroradiometer fitted with a double monochromator with a spectral
range from 250 nm to 800 nm. The values obtained by the latter equipment were
convolved with the CIE action spectrum3 % and integrated and compared with the values
given by the UVB-1.2*

For the other two hikes, the measurements were conducted in an area where there
were no measuring devices available to measure ambient erythemal UV irradiance.
Since this irradiance is necessary to calculate the exposure ratio, it was obtained for each
day through simulations using the FastRT program, version 2.3.* The input data for the
simulations were: the geographical coordinates of the study site, the type of surface, the
conditions of the sky and total column ozone. For each day, column ozone values were
obtained from data provided by the Ozone Monitoring Instrument (OMI).*®

Also, the ambient erythemal UVR for each day was obtained using satellite data from
the OML"Y’ Erythemal daily dose (EDD) was produced with the Giovanni online data
system, developed and maintained by the NASA GES DISC.*® The input data for the
calculation were the geographical coordinates of the study site. The EDD obtained from
OMI has been used only for comparison with that obtained with the two above

procedures.

Tennis players and runners. Ambient erythemal UVR was obtained from the Valencia
station GV UVB measurement network.*’. For these groups the EDD from the OMI*’
was also obtained and it has been compared with that from the GV UVB measurement

network.*’

UV exposure limits
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The International Commission on Non-lonizing Radiation Protection (ICNIRP)*
recommends a maximum personal daily exposure of 30 J/m? effective UV dose, called
the exposure limit (EL), within an 8-hour period for sensitive unprotected skin using the
American Conference of Governmental Industrial Hygienists (ACGIH) action spectrum.
The relationship between CIE and ACGIH weighted exposures depends on the time of
day, solar zenith angle, ozone concentrations, etc. The relation considered in this paper
between the two action spectra as shown in Moehrle et al.”’ is: effective exposure CIE
= 3.63-effective exposure ACGIH, so that the equivalent effective exposure using CIE
spectrum is 109 J/m* (1.1 SED) per workshift.

As reported by ICNRIP,* skin subjected to frequent UV exposure not only tans but
also thickens, and this thickening leads to a significant increase in UV protection by a
factor of five or greater. This repoﬁ49 considers a value of 12 SED to be the self-
protection factor of sun-adapted skin for Mediterranean subjects with skin phototype III,
and a value of 5 SED for the same type of skin but without adaptation to the sun.

The measured exposure of athletes was compared with the value of 5 SED, since we
were studying subjects with non sun-adapted skin type III, and it was also compared
with the EL value.

The time of exposure necessary to exceed the EL was calculated for each day by
means of a module of the FastRT program, version 1.2.>' The input data for the
simulation, beyond those listed in a previous paragraph, were the start times of exposure
for each day, as recorded on the questionnaires. For the runners, it was not calculated

since the times at which competitions take place are away from solar noon.

Ethics



Photochemical & Photobiological Sciences

This study follows the guidelines set by the appropriate ethical committee of the

Universitat Politécnica de Valéncia.

Results

Ambient solar UVR

The data of the daily ambient erythemal UVR and the corresponding maximum UV
index (UVI)**> for the periods of the study are shown in Tables 1 and 2. These tables
also list the ozone data and EDD from the NASA OML***’

<Table 2>
Hiking group. It can be seen that the solar UVI for the summer months is quite high,
from 9 to 12 on most days, normal for this time of year, except on day 3" it was cloudy.
On July 3" the difference between OMI-derived EDD and ground measurements

435 show that

reaches 40%, probably due to cloud conditions of this day. Several studies
the variability of cloud conditions within the satellite pixel may result in high
differences between OMI satellite and ground-based stations data. Regarding the UV
dose simulated by FastRT program, the bias is between +2% and -10%. The negative
bias has been explained by several authors, since OMI underestimates the irradiance
when surface presents a snow cover, because of the climatological surface albedo used
by the OMI surface UV algorithm results in an overestimation of cloudiness.’®>’
Tennis player group. The OMI-derived EDD overestimate Valencia ground- based
measurements by 14-20%, and these results are in agreement with previous studies ®’

because Valencia station is in an urban area, in which absorbing aerosols are not taken

into accounted for in satellite UV algorithms so far.

10
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Runner group. The OMI-derived EDD, obtained for the geographical coordinates of
the Valencia city, overestimate Valencia ground- based measurements by 1-40% except
in one location, 80 km from Valencia city, where OMI-derived EDD is lower by 40%
than the EDD provided by the GV measurement network, probably due to overcast

.. th 54,55
conditions on November 6. ™"

Measured UV exposures

Hiking group. This group received a median daily UV exposure of 8.1 SED with a
range of 19.5-1.8 SED, as shown in Table 3. The exposure ratio (ER) was defined as the
ratio between the personal UV dose on a selected anatomical site and the 24 hours
ambient UV dose on a horizontal plane on the same day of exposure. Median ER
was16.4% with a range of 33.5-8.9%.

Table 3 displays the wide range of erythemal UV exposure for each day and it may
be useful for consideration of the issue of whether the hikers behaved as a homogeneous
group with respect to outdoor UV exposure.

Table 4 shows the exposure time (t.-UVR in minutes) to exceed ICNIRP exposure
limit for the period of the study. It can be seen that a subject could stay in the sun
between 16 and 76 minutes without exceed limit dose, depending of the start time of the

activity. <Tables 3 and 4>

Tennis player group. The median daily UV exposure of this group was 7.5 SED, with
a maximum of 13.8 SED and a minimum of 2.0 SED, as shown in Table 5. The ratio of
the personal dose to ambient erythemal UVR yields an ER median value, as a
percentage, of 15.0, ranging from 26.6 to 3.8.

As can be seen in Table 6, a tennis player exceed EL dose in about 20 minutes.

<Tables 5 and 6>

11
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Runner group. The median UV exposure of this group during a running circuit was
14.6 SED, and the median hourly outdoor reading was 0.9 SED as shown in Table 7.
Table 7 also lists the exposures recorded for each runner as a percentage of the daily
total ambient erythemal UVR, and it was, for all runners, a median value of 5.8%,

ranging from 14.1 to 0.7%.<Table 7>

Median daily UV exposure of all sports groups therefore exceeded the EL by a factor
ranging from 2 to 7, so that the persons engaged in these sports received between 2 and 7

times the expected occupational UVER load according ICNIRP limit*.

Discussion

In a comparison with similar studies, Moehrle ef al.> found a mean daily personal
exposure of 29.8 SED for mountain guides in several high altitude areas during the
spring and summer, using a dosimeter attached laterally to the head, whereas we used a
shoulder dosimeter position. We found a median daily exposure, in summer, of 8.1
SED, quite different to that of Mochrle et al. This could be due to the different
dosimeter position, the higher altitude of the Moehrle ez al.*® study area, and that the
mountain guides were professionals who spent around 10 hours outdoors.

Allen and McKenzie*® found that the UV irradiance on horizontal surfaces in a ski
resort was 20-30% higher than at sea level and they also indicate that the exposures
depended strongly on the time of year, which may explain part of the differences found
with other papers.

In Tasmania (Australia), Herlihy er al.*' studied the UV exposure in summer for

tennis players at seven anatomical sites. They obtained a mean daily UV exposure of 8.7

12
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SED for a hand dosimeter position, and we found a median daily exposure of 7.5 SED,
which is similar.

In Valencia, Serrano ef al.*® measured the UV exposure for several groups of
sportsmen and women. In the previous study, for the hikers and for the tennis players,
we found an ER of 21.7%, and 11.9% respectively. In this study, we have recorded an
ER of 16.4% for the hikers and the differences with the above study may be due to the
different position of the dosimeters, and the different hike locations. For the tennis
players, we have recorded an ER of 15 %, similar to the previous study. With respect to
the runners, in the previous study we obtained an hourly outdoor reading of 0.6 SED,
and a mean ER of 1.9 %. The differences with the results of this study are due to a
different study design, as the first study considered the dose received during summer
training periods, which took place in the evening.

With regard to the hiking group, some individuals received consistently higher or lower
exposures than their companions, so that behaviour was not homogeneous for the group as a
whole with respect to outdoor UV exposure. The observed variations of doses, ER and
UVR, might be due to inter-individual variations of exposure angles of the dosimeters with
respect to the sun. Moreover, the hikers did not always partake in activities in the same
group. Therefore, fixation of the position of the dosimeter on the shoulder varied and
dosimeters were not fixed at the same place or altitude or with the same exposure of the
dosimeter to the sun and this may explain the variations.

As for the tennis players, they did not behave as a homogeneous group either with
respect to outdoor UV exposure, with the coaches being those displaying less consistent
behaviour. Given that the tennis players train in a bounded area, this was unexpected. This
result may be due to the different orientation of the two tennis courts where the study took

place, with the dosimeters therefore having different positions with respect to the sun on the

13
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same day and at the same time of exposure.

The median daily UV exposure of the hikers and tennis players (8.1 SED and 7.5 SED
respectively) exceeded 5 SED, which means that in the case of non sun-adapted skin type II1
and non-use of sun protection, erythema may be induced in these individuals, indicating that
protective measures such as high quality protection equipment and the use of sunscreens are
absolutely necessary.

In addition, UV exposure exceeded the EL, so that the subjects engaged in these
recreational/occupational activities received up to 8 times the recommended UV exposure
for outdoor activities. The tennis players exceeded the EL within approximately 20 minutes
every day of the measurement period. Regarding mountaineers, the start time of their
activity is variable, resulting in a wide range of time before they exceeded the EL.

On one day they exceeded the EL within 16 minutes but on another the EL was exceeded
only after a period of 76 minutes. If the mountaineering activities are conducted near solar
noon, the exposure dose limit recommended by ICNIRP is typically reached in about 20
minutes under these conditions.Although the measurements of the hikers and tennis players
cannot be compared and this is not among the objectives of this study, the tennis players
received higher doses per hour outdoors (2.0 versus 1.3 SED), calculated as the ratio
between median UV exposure and the mean time spent outdoors. This may be due to the
fact that they train in a bounded area without roofs or shade, while the hikers undertake their
sport in the mountains, where there are many trees that provide shade.

It has been obtained that the OMI-derived EDD overestimate ground- based
measurements of 1 to 25% in 80% of the days of the study, and these results are in

56,57

concordance with previous studies obtained at other sites, except when there are

variability of cloud conditions within the satellite pixel that may result in high

differences between OMI satellite and ground-based data.’*>

14
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The mean daily time of exposure of the hikers was 376 minutes, which exceeds the
exposure times causing erythema on every day of the study, even for days with the
highest time of exposure for sunburn to occur for persons with skin type IV (Table 4).

With regard to the tennis players, the mean daily time of exposure was 240 minutes,
which is almost four times the exposure time for erythema to occur for every day of the
study for skin type III subjects (Table 6). According to these results, these sportsmen
and women would suffer sunburn to their skin if they were not adequately protected
when performing outdoor physical activities, which may potentially enhance the later
risk of skin cancer.

With regard to the runners, we measured the dose received by them in the races in
which they have participated as part of a running circuit. Since the circuit was composed
of 12 races and the runners did not participate in all of them, we can compare neither the
total dose received by each of them nor the range of UV exposure for each subject, but
we can compare the dose received per hour of outdoor exposure. It is necessary to keep
in mind that the circuit is composed of races taking place over a year, with their start
time varying according to the time of the year, as well as the distance involved.

The runners received a median UV exposure of 2.1 SED per competition day and they
did not reach the maximum personal exposure of 5 SED, probably because the running
circuit takes place throughout a year and the races take place at about 7 pm in the summer
season due to the hot weather. We calculated the doses according to the time of the year,
with a median dose received in the autumn and the summer being similar, around 1.3 SED,
whereas in the spring the runners suffered an increased exposure of 2.2 SED (these data are
not listed in the tables). This increased exposure could be attributed to the fact that, in the
spring, a season in which there may be hot days, the races were held in the morning. It

should also be noted that the measurements have a 10% error, according to the

15
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manufacturer’s own information.

Conclusion

According to the results, these sportsmen and women can spend up to nine hours per day
exposed to UVR during their summer recreational/training activities, damaging their skin
and causing erythema, and potentially increasing the later risk of skin cancer. It must also be
taken into account that it is difficult for groups who undertake their activities at midday (the
hikers and tennis players) to avoid UV exposure. These results emphasise the need to
undertake protective measures against solar radiation, such as using high protection
sunscreen (30 or higher), sunglasses, hats and high quality protective equipment, when
performing physical activities outdoors. Balancing the dual needs of protective clothing and
of transpiration and body cooling in outdoor sports is known to be difficult. Accordingly, it
is necessary to encourage the use of high protection sunscreens.

This information has been sent to the sports groups participating in this study in order
to make them aware of the radiation they received and so that they might reduce the
level of this by taking appropriate protective measures.

In conclusion, a personal VioSpor film dosimeter was used to measure the UV
exposure of some groups of sportsmen and women, and we found that, for two of these
groups, the international UV threshold level for non sun-adapted Mediterranean skin

was exceeded.

16
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