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Solar ultraviolet radiation (UVR) continues to be a decisive influencing factor for skin
health. Besides acute damage (e.g. erythema), chronic light damage is of particular
relevance. Skin cancer can develop on the basis of this light damage. Knowledge
about irradiation is crucial for the choice of preventive measures, but has so far
been incomplete in many occupational and leisure activities. Often a methodological
problem in study design is the cause. Here we report on the clarification of two issues.
First, further values are to be determined on the way to a comprehensive exposure
register of leisure-related activities. Furthermore, it is to be determined to what extent
the measurement setting can have an influence on the measurement campaigns. For
long-term measurements, football referees were equipped with dosimeters over several
months, selective measurements during visits to parks were carried out by on-site
recruitment of test persons. It turned out that the choice of method also depends on the
expected compliance of the test persons. Long-term measurements of specific activities
such as playing football are particularly suitable for observing the course of UV exposure
over the year and generating resilient mean values. Point measurements such as visits
to parks can also do this if there are enough such events spread over the year. However,
they are particularly suitable for such on-site campaigns, as they may be combined with
awareness campaigns of the issue of skin cancer. They also allow many measurements
to be taken at the same time in one place. Both playing football and visiting parks are
associated with high levels of radiation, so specific prevention concepts need to be
developed. We were able to determine that the sunburn dose for light skin types was
reached or exceeded for both of the investigated activities.

Keywords: UV radiation, personal dosimetry, personal exposure, health prevention, exposure registry

INTRODUCTION

Ultraviolet (UV) radiation has been known to be a complete human carcinogen for many
years and was classified by the International Agency for Research on Cancer (IARC) in
Group 1 (“carcinogenic to humans”) as early as 1992 (1). UV radiation has a broad
spectrum of effects on the human body, both beneficial and harmful. UV radiation is
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essential for the production of vitamin D3 (2, 3) but causes short-
term (e.g., sunburn) as well as long-term (e.g., skin aging) damage
if the exposure is too high. Chronic light damage can result in
skin cancer; this includes various entities with different causative
mechanisms, but all directly related to UV exposure. Squamous
cell carcinomas (SCC) and their precursors, actinic keratoses
(AK), are caused by cumulative UV exposure (4), while basal cell
carcinomas (BCC) are likely related to the intensity and duration
(intermittency) of UV exposure (5). Statistically, these entities
have a ratio of 4:1:10 (BCC, SCC, AK) (6-8).

People are permanently exposed to UV radiation, both in
their leisure time and their work environment. The latter, in
particular, can lead to extremely high levels of irradiation, which
require special medical screening (9). As a rule, employees do
not have the possibility to choose whether or not they are
exposed but are forced to rely on preventive measures. Several
papers have already dealt with this topic in the past (10-16). To
ensure comprehensive protection against UV radiation, a holistic
approach for prevention is of great importance. This, therefore,
includes leisure time activities.

It is of great importance to know what the actual irradiation
is in order to be able to assess the risk and implement
the appropriate measures correctly. The use of standardized,
suitable measurement technology significantly contributes to
acquiring this knowledge. While polysulphone film dosimeters
(PSE) or biological spore dosimeters were often used in earlier
measurements of personal UV exposure (17-20), more recent
studies focus on the use of electronic data logger dosimeters
(10, 12, 21-23). Comparative studies have clearly shown the
latter’s advantages (24).

Many studies on individual leisure time activities and the
corresponding UV dose already exist. An overview of these has
been provided earlier (25), while the behavior of sunbathers was
studied, for example, in detail (26). Three groups were identified:
suntanned, non-suntanned and photosensitive individuals. The
personal UV doses of the groups were 259 J/m?, 236 J/m?* and
204 J/m?, respectively, within a maximum measurement time of
134 min at noon. The ambient UV doses were also measured
and averaged 1249 J/m?, 1202 J/m?, and 1121 J/m?, respectively.
In a study by Sun et al. (27), measurements of UV exposure in
the population were conducted in Australia. For this purpose,
participants were asked to wear polysulphone film dosimeters
on their left wrist for 10 days. This took place at four locations
(Townsville, Brisbane, Canberra and Hobart) and at four seasons.
The average values of the personal UV dose per day range from
30 J/m? to 200 J/m? in the different seasons and locations. There
is a study from 2007 for the activity “playing football” (28). This
study involved fitting dosimeters to the faces of schoolchildren in
Australia and having them play games of basketball and football
for 1 hour. This resulted in average UV exposure of 99 J/m?
to 140 J/m>.

Several other studies have focused on determining the UV
exposure doses received during specific activities like cycling,
jogging and hiking (16, 17, 29-34). They differ mainly in
the selection of the participant collective, the measurement
technology used, the duration of the measurement, and
the selection of the activities studied. Intercomparison is
possible, but with certain assumptions regarding systematic

deviations (24) and time and geographical particularities. Our
study was designed in a way to cancel out intrasystematic
deviations regarding the measurement technology and statistical
uncertainties due to small sample numbers.

This study addresses two questions. The first is to determine
additional values as part of a comprehensive exposure register
of leisure-related activities. The second is to determine how
the measurement setting can influence the measurement
campaign itself. Basically, different approaches for obtaining
data according to specific activities may be of use: either
the participants are equipped with dosimeters over a long
period of time and measurements are performed during a
specific activity, or alternatively, an activity can be measured
specifically on individual days with a large number of test
persons simultaneously. For leisure time exposure, for example,
public or sporting events are suitable. We chose football and
visiting parks/recreational trips as a good way of addressing the
research questions.

MATERIALS & METHODS

Test Person Collectives and Measurement

Locations

In the run-up to the measurements, we consciously opted to
select two activities that, in our view, are particularly appropriate
and provide an excellent example of the leisure behavior of the
“general public.” These activities are football and visits to parks.
Football was chosen because it is a ball sport that is widely played
and, in a broader sense, can also be used as a symbol for other
ball sports. Furthermore, this activity is practiced all year round.
The German Football Association (DFB) was called on to help
recruit participants. Under FIFA and DFB rules, there are strict
regulations regarding items worn on the body during training
or matches. Consequently, it was not possible to equip players
themselves with dosimeters. This regulation does not apply to
the same extent to referees or coaches of the amateur leagues, so
these two groups were asked to wear the dosimeters during the
course of our measurements. Referees, in particular, move around
the pitch in the same way as players. The movement pattern
is also comparable to coaches during training. Furthermore,
measurements could be taken at some special events such as
tournaments, where several short matches took place on 1 day.
The measurements took place in 2018 and 2019, from May to
October in each instance. The possible measurement times were
4:30 p.m. to 9:00 p.m. from Monday to Friday, and 10:00 a.m. to
9:00 p.m. on Saturday and Sunday. In total, 33 people participated
actively (16 in 2018 and 17 in 2019).

For the centralized single-day measurements at a large event,
covering the leisure time activity “visiting parks”, the aim was to
equip as many volunteers with dosimeters as possible at the same
time and for a whole day. The measurements were performed on
specific days during a federal garden show (Bundesgartenschau)
that took place from April to October 2019 in Heilbronn,
Germany. In total, measurements were done on 5 days during
this period. More precisely, the measurements each took place
on 1 day in April, June, and August and on 2 consecutive days in
September (17/04, 18/06, 27/08, 20/09, 21/09). A prerequisite for
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the measurements was to have stable and dry weather conditions.
For each measurement day, 15 dosimeters were available that
were randomly distributed to interested visitors of the garden
exhibition. The participants were recruited after entering the
event and returned the dosimeters before leaving. On account
of this, the measurement duration varied between the volunteers
and the measurement days. Ambient UV exposure was also
recorded at the same time. Hence, exposure conditions could
be calculated from the ratio between ambient and personal
UV exposure (18). The participants were told to behave as
they would normally do, but an influence of the behavior
cannot be completely ruled out (Hawthorne effect). Theoretically,
two opposing effects are conceivable: First, people may spend
more time in the sun than they normally do, second, people
may seek more shade than they normally do. Both would
give a footprint in the gyroscope data by time intervals of
resting with simultaneously high or very low exposure data —
both could not be detected. From our experience with 1,000
participants in another UV study, we received numerous proves
that participants “forgot” the dosimeter after a certain time while
wearing them; this might be attributed to the location where the
device was worn in combination with its light weight.

Exposure Measurement Technique

The participating volunteers were equipped with the GENESIS-
UV measurement technology, consisting of an electronic
dosimeter for measuring personal UV exposure and a tablet
PC to regularly transfer the measured data to the Institute for
Occupational Safety and Health. During the “visiting parks”
activity, the researchers conducted the latter task immediately
after the measurements were taken so that no other technology
needed to be given to the participants.

The personal UV exposure was measured via electronic
dosimeters of the type X2012-10 V3 from Gigahertz Optik
(Tirkenfeld, Germany). Our GENESIS-UV system for decentral
UV exposure measurements has been described earlier (10).
In brief, the dosimeters use two separate UV sensors (one
for UV-A and one for UV-B/C) to measure the UV radiation
erythema-weighted to a maximum resolution of 1s. Erythema-
weighting is achieved by built-in filters which reflect the spectral
sensitivity of the skin to develop erythema. The erythema action
spectrum S, has been defined by the International Commission
in Illumination (CIE) and is anchored in international standards
(35). This provides detailed information about the exposure. Any
average values for any condensed time interval can be calculated
based on the per-second values. For reasons of checking data
reliability, the dosimeters contain gyroscopes. By analyzing the
accelerometer data from the gyroscope, information can be
obtained to determine whether the dosimeters were accelerated
or were resting. This can be a way of checking whether or not
the dosimeters were worn properly while the measurements were
taken. The devices were attached to the left upper arm via a
tissue strap.

Stationary Measurements and

Data Analysis
An additional dosimeter was used to record the ambient UV
radiation for the measurements taken during the visits of the

garden exhibition. This dosimeter was mounted horizontally on
a pedestal in the park, free from shading.

Stationary measurements are particularly important for
measurements on a few individual days in order to put the
personal measurements into an overall context. In contrast to
spore or polysulphone film dosimeters, the choice of electronic
dosimeters also allows the measurement and resolution of
a temporal sequence over the course of the day. This can
significantly help determine whether people’s behavior changes
at times of exceptionally high UV exposure (such as mid-day).

Since the dosimeters have a cosine dependence for detecting
UV radiation, the resulting curve of ambient radiation is a
combination of the radiation from the sun and the cosine of the
angle between the sun and the detector normals.

In order to achieve intercomparability of the measurement
results, the ratio between personal (UV pers) and ambient (UV .
incoming radiation on a flat horizontal surface over the same
exposure time period of personal exposure) UV exposure was
calculated (exposure ratio to ambient, ERTA) (18). The ERTA is

uv,
expressed as a percentage and calculated as follows: ¢ "Z x100%.
am

This ratio has previously been estimated to be approximately
3% to 5% as an annual average and about 30% while being
outside during the day (36). As described in their publication,
the dosimeter was worn on the forehead, which is comparable
to our positioning of the dosimeter on the left upper arm
(37). Accordingly, our measured values can be used directly to
calculate the ERTA without positional conversion.

The UV radiation data and the motion data of the
accelerometer were evaluated in relation to each other for
data analysis. Any areas in the data that did not show
simultaneous movement were removed. The assumption could
be made that the dosimeter was not worn on the person
at these times. A procedure was also used to recalibrate
the data with respect to dosimeter calibration, longitude-
time correction and similar factors. After processing the
raw data, the data available at one-second intervals were
combined into intervals. Every 60-s measurement interval
was totalled to get a minute value. Incomplete minute
intervals at the beginning and end of a measurement series
were ignored.

Comparison With Yearly and Daily

Variations in the Solar Irradiance

Global radiation is subject to both an annual and a daily cycle.
It makes sense to analyze the data acquired in comparison to
this. The distribution of UV irradiation over the year or over
the day from an earlier publication is used for this purpose (11).
The values are also related to the month of the solar maximum
in June in order to make a relative comparison of the months
easier. Given that the reference to the diurnal patterns will
only serve as an illustration, this conversion is not necessary.
Supplementary Figure 1 shows the corresponding curves and
indicates the corresponding values under the histograms.

The measurements of the measurement campaign do not
span the entire year, so the missing period must be extrapolated
based on the seasonal factors. Assuming that the investigated
activities were carried out in the same way in the missing
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period, a linear extrapolation can be carried out for the
required periods.

RESULTS

Long-Period Measurements: Football

Games

In total, the football referees accumulated 35,372min of
measurement on 237 measurement days. Figure 1A shows the
UV exposure for a football game in the month of July. This
shows the two half-times with a break, which was obviously spent
indoors. This behavior can be observed in most measurements
for “playing football.” The course of the measured values provides
detailed information on personal UV exposure during a football
game. A clear distinction between active and resting (pauses)
phases can be seen when taking the data from the accelerometer
into account. Resting phases are identifiable by values of [a]
around 1, which corresponds to the accelerometer experiencing
only earth’s gravity. The highest UV exposure dose (406 J/m?, i.e.
4.06 SED; 1 SED equals 100 J/m® erythemal weighted irradiance)
was measured during a football game taking place in July around
noon in the early afternoon. By combining these data of several
matches taking place in different months to a single plot, the
differences in the data course and in UV exposure can be
distinguished more clearly (Figure 1B).

In direct comparison to a football match taking place in June
at approximately the same time and with comparable duration
with a total UV exposure dose of 214 J/m?, the UV exposure is
almost 2-fold higher in July. Comparable results for the total UV
exposure dose can be seen for football matches in May in the
afternoon (179 J/m?) and October beginning from noon to the
early afternoon (179 J/m?).

Figure 2 shows an example of a measurement day on which
one person conducted several short games in succession. It can
be seen that the irradiation during the individual games follows
the course of the sun and the theoretically expected daily values,
ultimately culminating at noon. The individual exposure doses
also increase, from 25 J/m? at 11:15 a.m. to 103 J/m? at 2 p.m. The
total daily exposure dose is 543 J/m? In this instance, the rest
periods were not spent indoors but presumably in a shaded area
or under a pavilion. The exposure during these times is 89 J/m?>
in total.

Single Day Measurements: Visiting Parks
On the five days of data acquisition for the “visiting parks”
activity, a total of 75 measurement days were achieved (5 days
times 15 dosimeters) to a total of 23,777 minutes. Figure 3 shows
data acquired at “visiting parks” as the average UV radiation
of all 15 volunteers per minute over the whole day for 1 day
in April (17/04/2019) and 1 day in September (21/09/2021),
plotted together with the ambient radiation detected by the
dosimeter placed horizontally in the sun. The figure also
provides information about total UV doses of ambient and
personal measurements.

For the measurement day in April, a total ambient UV
exposure of 1,287 J/m? and an average total personal UV
exposure of 195 J/m? was recorded. For the measurement day in

September, a total ambient UV exposure of 1,509 J/m? and an
average total personal UV exposure of 252 J/m? was measured.

When the ambient UV radiation patterns of the different days
are compared, some differences become immediately apparent.
The basic shape follows the sun’s path, with the sun’s peak at
about 1:30 p.m. The measurement in September illustrates this
very well, as it was a mostly clear day with only a few clouds
(can be seen as dips in the curve). The measurement in April
was characterized by changeable weather, which can also be
seen in the curve of the ambient UV radiation. This fluctuates
much more throughout the day, as clouds of different thicknesses
repeatedly shifted in front of the sun.

The average personal UV dose for the 15 individual
measurements does not follow the course of ambient radiation
throughout the day. This effect can be seen more clearly
when plotting some of the individual measurements separately
(Figure 4). Here, the measurement data of five randomly selected
volunteers were plotted in comparison to the ambient radiation.
It can be seen that individual measurements vary clearly in
their temporal course, measurement duration and the resulting
total UV exposure. The blue curve (participant 5) is interrupted
at some point. In this instance, the participant took off the
dosimeter, probably during lunchtime. On the other hand, the
exposure of participant 3 (green curve) is close to zero for a lot of
the time. This person was probably indoors during that time but
correctly did not take off the dosimeter.

Derived Values
The resulting monthly mean exposure values per minute for both
measured activities are given in Table 1.

To compare how the individual monthly irradiation values
relate to the annual cycle of irradiation by the sun, we also
related these values to the solar maximum in June. The calculated
values are shown in relation to the expected mean ambient
radiation. The mean ambient radiation is also normalized to the
maximum expected to occur in June. It can be seen that for the
long-term measurements during football games, the course of
accumulated UV exposure doses, on the whole, follows the course
of the expected mean ambient radiation, albeit being slightly
higher than expected by the fraction of the ambient level. The
maximum exposure is slightly shifted, giving rise to behavioral
dependence to be discussed later. Single day measurements while
visiting parks can only give limited information. The tendency
of the values with regard to the ambient is not clear at first
glance but can be explained when taking the ambient temperature
into account.

The calculation of a yearly exposure dose is rather tricky
when monthly averages are to be multiplied with the time spent
executing the activity while the latter is unknown. Nevertheless,
knowledge of the annual dose is of particular interest when
comparing different activities. As the measurements were
performed from May to October, the dose has to be extrapolated
to the whole year. Concluding from Supplementary Figure 1,
78% of the yearly UV exposure is accumulated during the
measurement period from May to October. The missing data was
then calculated by summing up the values from May to October,
then dividing by 0.78. For example, if football is played for
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FIGURE 1 | Representation of individual measurements of UV exposure during football matches. (A) UV exposure over time for a selected football match on
22/07/2018. Data is given in 1-s intervals. (B) Direct comparison of personal UV exposure acquired during football matches at different times of the day and during the
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FIGURE 2 | Data from a competition that went on the whole day. Six matches were played during that time (marked by gray shading). For every single game, the
respective irradiance is given. Total exposure doses gives the whole day exposure. The solid line represents the daily dependence of the global irradiance (without
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FIGURE 3 | Measurement data from the “visiting parks” activity from two different days. The red curves represent the ambient radiation on each day, measured with a
separate dosimeter placed horizontally on a pedestal. The black curves represent the mean value of the personal exposure calculated from the 15 individual
measurements. Also provided are total UV doses for ambient and personal measurements.
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400 min each month (games and practice), the yearly exposure
calculates to 2,831 J/m? (28, 3 SED). For visiting parks, a similar
approach has to be chosen, taking into account that 52% of the
annual exposure were covered.

Taking the approach of measuring lots of people
simultaneously, determining and comparing the ERTA
makes sense. Supplementary Table1 shows the individual
measurement results for the daily accumulated total UV
exposure doses for all 15 volunteers for the selected dates in

April and September. Two examples are given in Table 2. The
exposure ratio to ambient radiation (ERTA) was calculated for
each volunteer. Additionally, the mean values for total UV doses
and ERTA were calculated.

Individual total UV exposure doses vary significantly
throughout the volunteers and the same applies to the calculated
ERTA values. For the measurement day in April, personal UV
doses vary between 61 and 351 J/m?, corresponding to ERTA
values between 8.8 and 37.8%. For the selected day in September,
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TABLE 1 | Mean UV exposure doses per minute for both activities in every month together with their standard error values and total mean values.

April May June July August September October
Football Mean value - 1.02 (+ 0.01) 1.17 (+£0.01) 1.21 (+£30.02) 0.97 (+0.02) 0.76 (0.01) 0.39 (+0.01)
[J/(m?* min)]
Normalized to - 0.87 (£0.01) 1(£0.01) 1.03 (+£0.02) 0.83 (+0.01) 0.65 (+0.01) 0.33 (£0.01)
the dose in
June
Visiting parks Mean value 0.82 (+0.01) - 0.99 (+0.02) - 0.57 (+0.01) 0.67 (£0.01) -
[J/(m?* min)]
Normalized to 0.83 (+0.01) - 1 (£0.02) - 0.58 (+0.01) 0.68 (+0.01) -
the dose in
June
Mean Normalized to 0.54 0.81 1 0.92 0.76 0.49 0.24
ambient radiation in
radiation June

The monthly mean values are also normalized to the value in June. This was done in order to compare them to the mean ambient radiation (38) for each month, given in the last line.

(“-": no measurements during this month).

TABLE 2 | Total UV exposure doses for the 15 participants at measurement days
in April and September.

17/04/2019 21/09/2019
Volunteer # Total UV ERTA [%] Total UV ERTA [%]
dose [J/m?] dose [J/m?]

1 61 4.7 256 16.9

2 189 14.7 165 11

3 149 11. 90 6

4 111 8.6 316 20.9

5 150 1.7 321 21.3

6 124 9.6 441 29.2

7 312 24.2 413 27.4

8 294 22.8 141 9.4

9 351 27.2 184 12.2
10 201 15.6 339 225

11 66 51 167 10.4
12 299 23.2 108 71

13 286 22.2 220 14.6
14 241 18.7 291 19.3
15 99 7.7 342 22.7
Mean value 195 (+£24) 151 (£1.9) 252 (+ 28) 16.7 (+ 1.9)

Also calculated was the “Exposure Ratio to ambient radiation (ERTA)” and the
corresponding mean values and standard error.

personal total UV doses vary in a similar range between 90
and 441 J/m?, corresponding to ERTA values between 6.3 and
33.5%. On some days, the measurement of the ambient radiation
started later or ended earlier than the measurements of some of
the volunteers, so the ERTA was only determined for the times
when a simultaneous measurement of the ambient radiation
was available.

The measurement times of the volunteers ranged between 144
and 489 min over all days. The exposure lies between 61 and 603
J/m? and the ERTA is between 4.4 and 42.3%.

DISCUSSION

Measuring individual UV radiation exposure is both a technical
and a logistical challenge. Selecting the measurement technology
to be used is of central importance. Considerations in this context
include the framework conditions, determined by the duration
of the planned measurement campaign, as well as limitations
such as the durability of the technology or the reproducibility of
the results. Electronic data logger dosimeters, worn on the left
upper arm, turned out to be ideal, proven systems for conducting
long-term measurements of personal UV exposure (24).

Intrasystematic deviations occur when the measurement
technique used is not sufficiently reliable and has a relatively
large scatter. In order to arrive at suitable mean values, the
use of a large number of measuring instruments is sufficient;
however, an interpretation of individual results remains highly
error-prone. We have followed both paths, namely the use of
reliable dosimeters, as shown elsewhere (24), and the recruitment
of a sufficient number of participants. Both characteristics are
suitable means for long-term as well as single-day measurements
to reduce deviations and uncertainties as far as possible. This
is reflected by the low standard error values from descriptive
statistics, as can be seen in Table 1.

Another question of equal importance is the timeframe in
which the measurements should take place and what form of
cooperation from the volunteers is necessary. There are two
different approaches to this, each of which has both strengths
and weaknesses. On the one hand, it is possible to recruit a
large number of volunteers all at once at a specific place at
a specific time; they then wear the dosimeters during their
activities for a very limited period of less than a day. This method
makes it possible to obtain a large number of measurements
simultaneously in a very selective manner. Primarily, this allows
direct comparison of the exposure data with regard to differences
in the individual behavior of the participants since the same
initial conditions (e.g., climatic) prevail for the measurements.
In such cases, the volunteers’ participation is based on an affect
that results, for example, from being approached or being directly
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recruited at the measurement location. In such cases, it is
advisable to only mention the requirement to wear the device
within a certain period of time and specify where it is worn on the
body. This was the approach taken during the visits to the garden
exhibition, which resulted in daily measurements without the
possibility of more precise differentiation (Table 1). The curves
in Figure 4 already show that the individual behavior of the test
persons must have been very different with regard to the daily
routine. As previously mentioned, it is not possible to make
a more detailed statement about the activities included in this
period. For this, the participants would need to keep some form
of a diary at the same time.

This is different when measuring a specific activity over
several months. Volunteers were recruited for this purpose
without them being suddenly approached. The volunteers can
find out about the measurement procedure beforehand and
also select which activities they wish to engage in during the
measurements — in this case, “playing football.” Consequently,
it is reasonable to assume that the volunteers approached the
measurements with a high level of compliance, at least at
the beginning. Personal support and the ease of using the
measurement technology meant that this could be maintained in
the majority of cases until the end of the measurement campaign.
This approach gives information on UV exposure during a
specific activity over the course of a year (Table 1). Even from
different volunteers, individual measurements are very similar
(Figure 1). The accuracy and reliability of these measurements
can also be detected indirectly in the data structure. For example,
in each individual measurement, two time periods of equal length
can be detected, interrupted by a short time interval. These are
the two half-times and the break during a football match. The
pitch check required of the referee - comparable to the warming
up of the players - can also be identified from the data (Figure 1
from 11:50 a.m. to 12:05 p.m.).

Each method has advantages and disadvantages, depending
on the objective of the conclusion to be drawn (Table 3).
Measurements over large parts of the year are advantageous
because the annual course of UV radiation obviously does not
follow the pattern expected from the distribution of global
radiation (Table 1). Several such events must be distributed over
the year to compensate for the disadvantages of single day
measurements with many test persons in order to be able to make
extrapolations of the course of the year with sufficient supporting
points. We have used this in this study to make comparisons in
different months. Ultimately, however, the activity to be studied
also dictates which method is to be chosen. For a hobby such
as playing football, it is relatively easy to recruit volunteers
over a long period of time or to find volunteer collectives that
change quickly. For visits to parks, it is easier to approach likely
participants on site. When pre-selecting or recruiting volunteers,
it is usually more difficult for people to predict the duration and
frequency of visits of this kind throughout the year. If people are
provided with measurement units for the whole year, there may
be considerable periods when the units remain unused.

It is better to choose long-term measurements to derive an
annual exposure value or the mean value over a longer period
of time, as the behavior of test persons and the influences of

secondary parameters such as weather can be better controlled.
Measurement of personal UV exposure is largely affected by the
personal behavior of participants (39, 40). Environmental and
behavioral factors were both important in determining overall
levels of exposure and distribution by site (33). For example,
personal exposure is strongly affected by season (27). In the case
of temperature, personal exposure increases first but seems to
go down after a specific temperature is exceeded (41, 42). For
leisure time settings, the fair-weather effect has to be named as
probably one of the most determining factors: as in occupational
settings, people working outdoors seldom have a chance to have
an impact on outdoor exposure, it can be seen that during
leisure time, people prefer to be outdoors when there is good
weather. That is because leisure time exposure is consequently
higher on average and, in many cases, higher than expected.
In order to address this effect, we compared weather-related
ambient UV levels to personal UV exposure levels by means of
the ERTA. For this purpose, it makes sense to record ambient
UV radiation, e.g. using another dosimeter in parallel to the
personal measurements.

As reported, a person’s exposure ratio to ambient (ERTA)
depends on the time spent outdoors and ranges between 3
and 5% on an annual average, but up to 30% during outdoor
episodes (18). Our studies can confirm this (Table2); only
in 6 out of 75 cases the ratio of 30% is slightly exceeded
(Supplementary Table 1). For the visit to the garden exhibition,
no statistically significant correlation between the measurement
time and the irradiation (dose) can be found (Figure 5). This
clearly indicates that the behavior of people during visiting parks
can differ significantly from person to person and thus lead to
very individual patterns of exposure. In this respect, the approach
of selectively measuring a large number of people for activities
such as visiting parks, which ultimately comprise many smaller
individual activities, is an appropriate choice to address this state
of affairs. This is not the case for sporting events such as football,
where a correlation can be found between measurement time or
time spent outdoors and exposure (Figure 5). As a result, this
indicates that these are typical exposure patterns for the activity.

This study, however, also provides further insights into the
chosen activities over and above the methodological analysis,
which can be of particular relevance as regards the field
of prevention. It is evident that high UV irradiation levels
can be acquired while playing a game of football, even if
exposure times are short. Since people usually play wearing
short clothing and often without headgear, the cumulative impact
on the risk of skin cancer can be considerable. According
to Fitzpatrick (43), any of the UV exposures identified are
sufficient to cause sunburn, especially in fair skin types. The
mean values given in Tablel can be used effectively to
determine individual irradiation levels. An Australian study can
be found in an international comparison (28). The irradiation
of 99 J/(m**h) to 140 J/(m**h) measured in Hervey Bay
(Australia, 25 °S) can be converted to German latitudes
using latitude factors (11). Using a latitude factor of 2.4,
a minute value of 0.69 J/(m**min) to 0.96 J/(m**min) is
calculated. This agrees very well-with our values within the
error limits.
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TABLE 3 | Comparison of both approaches for measuring personal UV exposure.

Long period measurements

Single day measurements

Every participant has a dosimeter for several months

Participants need to read out the dosimeters and remember wearing it for
the specified activity

Data gives strong statistics over long periods, average of weather and other
environmental conditions is included in dataset

Long-term behavioral differences between people visible
Data suitable for legal discussions and prevention conceptualization
Suitable for long-term or repeated intervention studies

Participants wear the dosimeter only for a couple of hours
No technical effort for the participant

Very good statistics on single days in a specific location, but to
contextualize these measurements to the course of a whole year more effort
is needed (weather data, ambient measurement, etc.)

Direct comparison of different people’s behavior is possible
Combinable with awareness campaigns of different stakeholders
Suitable for short-term or single-shot intervention studies
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FIGURE 5 | UV exposure doses and total measured minutes for all
participants of the “visiting parks” activity. The different measurement days are
color coded, with 15 participants for each day. Each participant represents
one data point. As an example, the red triangle on top represents a participant
who took part on 18" of June, wore the dosimeter for 292 min and received
an exposure dose of 603 J/m?.

Although there is still no legally binding exposure limit value
for UV exposure, let alone concrete legal policy plans, it is well-
worth comparing it with the exposure limit values proposed
by the scientific community. The World Health Organization
(WHO) and the International Commission on non-Ionizing
Radiation Protection (ICNIRP) (44) recommend a maximum
daily exposure of 1 SED [1 SED = 100 J/m?* erythema-weighted
irradiation; incoming radiation weighted with the erythema
action spectrum S¢; from CIE (35)], which is about half to two-
thirds of a sunburn dose for the vulnerable skin type I according
to Fitzpatrick. In summer, in particular, this irradiation is reached
very quickly if a person is active outdoors during the time of
the highest exposures from 11a.m. to 3 p.m. Sun protection
measures should therefore also be taken into account for leisure
time activities. This appears to be easier for activities in parks, as
it is easier to install some forms of shade than, for example, on a
football pitch. In the case of the latter, measures of prevention
must be discussed with the football associations, the use of

adapted clothing or sunscreen, which is suitable for the workplace
and has been tested for employees who sweat heavily, appears to
be individually possible and advisable.

This study has limitations. As the data set was recorded
in Germany, checking the transferability to other countries
and customs is necessary. The closer one gets to the equator,
the stronger the UV irradiation becomes. As a result, the
measured exposure values can vary, sometimes significantly,
when measurements are taken in other countries or areas of
the world. It should also be noted that the results obtained are,
in principle, subject to the well-known problems of personal
dosimetry but these have been primarily countered by using a
large number of participants and a large number of data sets
and validation methods. The most significant problems and
inaccuracies were caused by the volunteers wearing the dosimeter
incorrectly or putting the dosimeter down during measurements.
The latter could be detected and corrected by also taking into
account the measured values of the acceleration sensor integrated
into the dosimeter. However, it is not possible to completely
exclude errors due to incorrectly wearing the dosimeter. In the
case of movements that are somewhat random with respect to
the orientation to the sun, we expect the incorrect wearing of
the dosimeter to have only a small effect on the data, provided
that the measurement time is sufficiently long. It is important
to ensure that the volunteers are thoroughly instructed and
supervised when conducting such studies. Another factor to
consider is the possibility that the volunteers’ compliance may
decrease, especially if the study is conducted over a longer period
of time. However, this does not necessarily lead to poorer data
quality but only to a possibly lower number of measured values.
Again, for this project to be successful, it is essential to provide
personal supervision and contact, not only at the beginning and
end of the measurements but also throughout the whole course
of the project.

Skin cancer caused by UV radiation continues to be a
major issue, both in the occupational and leisure spheres.
Our measurements have shown that in the recreational sector,
considerable UV exposure doses can be reached even after a
short period of time, which ultimately contribute to chronic
light damage to the skin. It is important to counter this,
firstly by measuring outdoor activities consistently as a basis
for developing individual prevention approaches, which in turn
provides evidence of the existence of the risk, and secondly by
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raising awareness, also by means of local events that provide
information and measurements of individual exposure. This
study serves both of these objectives and serves as a model for
future measurements with related questions.
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