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ABSTRACT

Excessive exposure to ultraviolet radiation (UVR) ¢onsidered the most important
environmental risk factor in the development of amelma and skin cancer. Outdoor workers
are among those with the highest risk from exposuolar UVR, since their daily activities
constantly expose them to this radiation sourcetully was carried out in Valencia, Spain, in
summer 2012 and involved a group of 11 workers doperiod of six 2-day recordings.
Sensitive spore-film filter-type personal dosimstérioSpor) were used to measure erythemal
UVR received by environmental agenitsthe course of their daily work. Median 2-day UV
exposure was 6.2 SED, with 1 SED defined as effectioO J/mh when weighted with the
Commission Internationale de L Eclairage’s (CIB)tleemal response function. These workers
were found to receive a median of 8.3% total daitybient ultraviolet erythemal radiation.
Comparison with the occupational UV exposure lishibwed that the subjects had received an
erythemal UV dose in excess of occupational guidslj indicating that protective measures

against this risk are highly advisable.

Keywords: Erythemal ultraviolet radiation; UV exposure; perabdosimetry; exposure ratio.
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INTRODUCTION

Exposure to harmful ultraviolet radiation (UVR) tise most important environmental risk
factor influencing the incidence of melanoma andmelanoma skin cancers (NMSC). A large
number of studies have shown a causal relatiors#tipeen UV exposure and skin cancers (1-
4). The two most common types of NMSC are baséalceetinoma (BCC) and squamous cell
carcinoma (SCC). UVR can also cause sunburn, skimade and eye disorders, among others.
It is estimated that up to 90% of the global burdédisease from melanoma and NMSC are
due to excessive UV exposure (1).

NMSC and melanoma are a significant health proble@aucasian populations’ worldwide,
as their incidence has increased significantly dlkerpast 40 years (5-10) and is projected to
continue rising due to growing exposure to UVR agded with the depletion of the ozone
layer and sunbathing during recreational activit{d®,11). Besides, the clothing behavior
during occupational activities can also be anoitimgortant factor.

NMSCs are the most frequent cancers in light-sidnpepulations (1) and BCC incidence
rates in Europe are increasing by 20 every 15sydsring between 40 and 130 (per 100,000
inhabitants and standardized to the world popuitio 2000 (8). SCC incidence rates are also
increasing in different countries and in 2000 wemween 10 and 30 (8). Although the
mortality rate has remained consistently low (hgse cases cause high morbidity and are a
considerable burden on health care services arthenavorld (12, 13). In Spain the mortality
rate was halved between 1975 and 2000, and iraftalecade has been fairly stable, with an
age standardized for the european population rAg&Ré) mortality of 0.7 per 100,000

inhabitants in 2011 (14).
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On the other hand, melanoma represents only arsundf all skin cancers but is responsible for
nearly 80% of all skin cancer deaths (1). In Eurthgeestimated annual percentage change in
melanoma incidence is between 1% and 8% in thefpastiecades (9, 15), with an estimated
ASRe incidence of 11.1 in 2012 (16). The Europe&RA mortality of 2.3 in 2012 (16) was the
third highest in the world (11) and 50% higher tlB&nyears ago, although a stabilization has been
observed in the last decade (17). In Spain, ASReatity is among the lowest in Europe, about
1.4 in 2012 (16), probably due to the populati®ke characteristics, but it quadrupled in the
period 1975-1995, with a slight increase since 199%).

However, it should be noted that a small daily dafsgolar radiation is regarded as beneficial for
people’s health, including effects such as thetmgits of Vitamin @ (18, 19), essential for bone
mineralization (3), since dietary vitamin D is iffszient to cover daily needs (2). There is
evidence that inadequate vitamin D increases #keofi catching many diseases in adulthood (20-
23) and high vitamin D levels can reduce specifsedse mortality rates (2), although more
studies are necessary in this field.

Given the alarming growth in the number of casgw@vious decades, the Euromelanoma
campaign (24) was established in Belgium in 1998 wie aim of preventing and detecting
massive melanoma and has now spread to 29 othetrigsu Spain has participated in several of
these campaigns and their success is shown bythber of new early detections and excised
melanomas (25).

Within the European Union program "Europe agaired@r”, a group of international experts
(26) gathered to study exposure to carcinogenhénworkplace (27). The results of this
meeting showed that the highest number of casesaifpational exposure occurred in Spain,

with approximately 1 million workers exposed toasaladiation between 1990 and 1993 (28),
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with a total of 3.1 million workers exposed to agenonsidered to be carcinogens by the
IARC (29).

Various studies have shown that outdoor workersilegly receive significant solar UVR in
the course of their daily work (30-40), especialltyen solar radiation is high. It is known that
intermittent intense UVR exposure (typical of lesactivities) is a risk factor for melanoma
(41-44), while the NMSC risk seems to be more dfosdated to the cumulative lifetime UV
exposure (41) (typical of outdoor work) althoughemmittent exposure is also a BCC risk
factor (43,45,46). According to several authors, (48-49), occupational outdoor solar
exposure is a substantial risk factor in the dgwalent of SCC and a significant risk factor in
BCC. However, some studies found there was no ase risk of NMSC among outdoor
workers (41, 44), and another indicated this lackssociation only for BCC (50). One study
found an association between high occupational Wposure and increased prevalence of
precancerous skin lesions and skin cancer, retatsgvere sunburn during an entire lifetime
(45). On the other hand, many authors (41-44, 49emot found any association between
outdoor work and the risk of developing melanoma.

Due to its geographical situation, Valencia haslarepical climate on the borderline of the
Mediterranean climate, with very mild winters andgd warm-to-hot summers, meaning that
the region receives large UVR doses throughouyé¢ae. In the Valencia Community, the

work of environmental agents is directly relatedhe protection, care, and custody of natural
areas, state-owned forests and natural resourtsstifeir functions are related to the
prevention, detection, extinction and investigatdmorest fires. Their work is often in
mountainous areas, and it is known that UV irrackaimcreases with altitude due to reduced

dispersive and absorptive material in the air, km@w thaaltitude effec{51). This is of great
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importance as shown by the increasing trend of moste cases in those who spend time at
high altitudes (52).

The purpose behind this work was to study the ergdd UV exposure by means of personal
UV dosimeters attached to environmental agentd 2odays in summer during of their usual
work schedule, with the aim to ccompare with theupational UV exposure limits and show

if protective measures are advisable.

MATERIALSAND METHODS

Study location: The study took place in two areas of Valencia; oh&hich, thePlana de

Utiel (coordinates 1° 11' W, 39° 30' N) is in the westerst part of the province and forms a
plateau with a mean altitude of 750 meters. Thgore has hot dry summers in which
temperatures can reach 40°C, even though the Medigan is only 70 km away. The other
location, theValle de Cofrentegcoordinates 1° 3” W, 39° 3" N), is in the soutrest of the

province, about 70 km from the capital, cut offrfrahe influence of the Mediterranean by a
barrier of mountains stretching towards the coBsé region is mostly mountainous, reaching

a height of 1200 m, with a central valley and haisdnry summers.

Subjects and design: Eleven (8 male and 3 female) environmental agpatscipated in the

study, although only between five and seven padieid in each 2-day recording period. The
subjects, who were asked to carry out their nosohédules, kept a diary of the times they put
on and removed the dosimeter, their work areantimber of hours spent outdoors, type of

activity involved and weather conditions. Most béit work is outdoors, but some of their
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working hours are spent in the office and in trhnglto work sites. Each subject wore two
dosimeters during each 2-day recording period psiticipants on the wrist and head during

one period, while the remainder attached the ddsiméo the wrist and shoulder.

Personal UV dosimeters: Individual cumulative solar erythemal UV exposwas measured

by a VioSpor Blue Line Type | dosimeter (53), whislas changed every two days. These
dosimeters have been proved to give satisfact@ylteein measuring personal outdoor UV
doses in previous studies (34, 38, 54, 55). Siweceshifts were involved, measurements were
made both in the morning and in the afternoon,oaigih more recordings were taken in the
morning shift as more workers were involved. Theia@ters were worn from 8 a.m. to 3 p.m

and from 3 p.m. to 10 p.m in each shift.

The development of the films and the spore-fiimducion (DNA repair-deficient strain of
Bacillus subtili3 can be found in several studies (56, 57). Brjefig spore films are covered
by a filter system with optical properties closethe erythemal response of human skin, in
accordance with the Commission Internationale deetlairage (CIE) reference spectrum
(58). The measurements are expressed as a stargtrdma dose (SED) in which 1 SED is
defined as an effective exposure of 1002J(69) when weighted with the CIE erythemal
response function. According to the manufacturee, dosimeter’'s working range is 0.5-30
(SED) with a measurement error of £10%.

The VioSpor system is validated using in-vivo conapige measurements (60). The
wavelength-specific VioSpor calibration is perfodngsing the Okasaki (Japan) spectrograph

measurements, details of which can be found in§38, VioSpor was also validated in several



142

143

144

145

146

147

148

149

150

151

152

153

154

155

156

157

158

159

160

161

162

163

164

instrument intercomparisons carried out under fedditions, in which VioSpor data were

compared with the minimal erythema dose valuesimédafrom spectroradiometer data (61).

Ambient solar UV: Ambient erythemal UV irradiance was obtained frdMB-1 radiometers
(Yankee Environment System, YES), belonging to\laéencia regional government’'s (GV)
UVB measurement network (62). This network consi$tseveral radiometers, one in the city
of Valencia (00°20'09" W, 39°27'49" N, 0 m), usedthe Valle de Cofrentes calculations.
Another radiometer, used in the Plana de Utielutatons, is located at Aras de los Olmos
(01°06'332 W, 39°57'01" N, 1277 m) in a rural ai®ath stations are on a flat roof without
obstructions or shade and were chosen for thekimity to the work areas involved in the
study. The UVB-1 YES is a precision meteorologioatrument for the measurement of
biologically effective solar UV-B, capable of me&asg erythemal solar UV irradiance since
the instrument response is similar to the CIE enythl action spectrum. According to the
manufacturer, calibration uncertainty is approxehat10%, calculated by comparing the
measurement of the spectral response of the ratkonedoors with a Brewer MKIII
spectroradiometer outdoors (63, 64). The cosinporese is less than 5% for solar zenith
angles below 60°, and for zenith angles aboveudiise a double entry zenith angle—ozone
calibration matrix is used (63). The error giventbg calibration matrix stays below 9% for
zenith angles below 70°, considering a constanh@z@lue of 300 DU. Another calibration of
this radiometer was performed by the Earth PhyB&gartment of the Universitat de Valéncia
(65, 66).

Also, the daily ambient erythemal UVR was obtainsthg the Ozone Monitoring Instrument

(OMI)-derived data (67)Erythemal daily dose (EDD) was obtained from thev@nni online
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data system, developed and maintained by the NABA& BISC (68). OMI level 3 global
gridded data with a spatial resolution of 1x 1 @egwas used. The input data for the
calculation were the geographical coordinates efstindy site. The EDD obtained from OMI

was used only for comparison with that obtainediftbe GV UVB measurement network.

To verify the cloud conditions given by the stu@ytipants, the OMI Lambertian Equivalent
reflectivity (LER) at 360 nm was used (69), consialg a cloudless day when LER was lower
than 10% (70). The cloud fraction from Aerosol Rint®Network (71) was also used when
LER was not available. As a result, we were abhetdy that June 13, August 30, 7 and 13

September were cloudy days in both locations, &swJune 22 in the Valencia area.

UV exposure limits: Exposure limits (EL) were established by the Im&tional Radiation
Protection Association for recreational/occupatiafd exposure in 1985 (72) and adopted for
outdoor workers by the International Commission Man-lonizing Radiation Protection,
updated in 2010 (73). The ICNIRP 2007 report (/dggested a maximum personal daily
exposure of 30 J/fneffective UV dose, calculated by the American @oefice of
Governmental Industrial Hygienists action spect(i®) for a period of 8 hours and sensitive
unprotected skin. This EL can be considered egemntaio approximately 1.0-1.3 SED when
using the CIE action spectrum (74).

The ICNIRP 2010 report (73) also indicates thanskdapts to frequent UV exposure by
thickening, which increases UV protection by a daaif five or more. This report suggests a
value of 12 SED as the average threshold exposursunburn for Mediterranean subjects
with sun-adapted skin phototype lll/IV. For the gatgpe of skin without sun adaptation a

value of 5 SED is assumed.
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The exposure recorded by the subjects in the prasetdy was compared with the value of 5

SED, since we considered no sun-adapted skin, ascilso compared with the EL value.

Skin Exposurefactor (EF): A UV risk assessment for outdoor workers can lppbked by a
factor defined by ICNIRP 2007 report (74) as:

Skin Exposure factor= fz f3 f4 fs fe

wherefiis the factor indicating geographical latitude aedsonfzis the cloud coveffz is the
duration of exposurdy is the ground reflectanck,refers to clothing anfd to shade.
According to our study environment we adopted tilWwing values:

fi= 7 (mid-latitudes in summef)= 1 (clear sky)fs= 0.5 (one hour or two around middafiy;1
(various surface);

fs= 0.5 (trunk protected but arm exposdgd;1 (no shade).

Skin EF was calculated for the enviromental agentetermine the minimum level of skin

protection suggested by ICNIRP 2007 (74).

Statistical analysis: Data were analysed using the Statgraphics Plusstgtat Package v5.1
software and are expressed as median (minimum-mew)mlrhe Mann-Whitney test (Wilcoxon)
was used to compare differences between subjetesns of SED, SED per hour outdoors and

ER. Statistical significance was set g0®5 for all analyses.

RESULTS

Ambient solar UVR

1C
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The ambient erythemal UVR for each day and maximitraviolet index (UVI) (76,77),
calculated from the noonday UV irradiance (Vilymeasurement at the corresponding GV
weather station, are shown in Table 1 for bothtat The actual maximum temperature
provided by the State Agency for Meteorology (7&) azone data from the OMI (79) are also
given.

It is noteworthy that June was the second hotte§ta last 42 years in the province of
Valencia, because of the successive waves of iestierds that affected the area on days 2,
7,11, 21, 28 and 29 June (78). In addition, o Aghe there were two massive wildfires in the
province, which occurred quasi-simultaneously io tlifferent places in Cortes de Pallas (in
the Valle de Cofrentes region) and Andilla, bothated in the west of the province,
approximately 70 km from the city of Valencia. Thegere considered the most severe to have
happened in Spain since 2004 and destroyed aat@talof 48,500 hectares. On 29 and 30 June
the fire was at its worst around the Valencia npihtan area, covering the city and a large
part of the province with a dense cloud of smoke @sh, which explains the very low
erythemal UV irradiance recorded by the Valenciish on the 29 of that month.

August was also the hottest in Valencia for the4&syears, but on the 8@Gnd 3%
there was a considerable drop in temperature, eslyda inland areas, hence the very small
erythemal UV irradiance at the Aras station on3éié

The comparison of the ambient erythemal UVR of@hél satellite and the ground-
based stations shows for the city of Valencia asrestimating by OMI, with a bias range of
between 8 and 30% for cloud-free days and up to #0%loudy days. According to several
studies (80, 81), varying cloud conditions withie tsatellite pixel can lead to large differences

between the data from OMI and ground-based stattimee 28 and 29 were not taken into

11
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account due to the wildfire in the area, leading thifference of from 150 to 600%. The
smallest biases were found at the rural Aras statibiere the relative differences are between
2 and 25% for all sky conditions, also overestirddig the OMI. The largest relative

differences are observed at the Valencia statierhgps because it is in an urban area where
the characteristic aerosols tend to reduce UVReasared by ground stations, but have so far
not been allowed for in satellite UV algorithms.€EBle results are consistent with recent studies
obtained at other sites (82, 83).

<Table 1>

Measured UVR exposures

Table 2 shows the statistical data expressed ammg@dinimum-maximum) of the measured
2-day exposures, 6.2 (14.9-0.3) SED, while per-loatidoors was 1.16 SED. The exposure
ratio (ER), defined as the ratio between the pelsoiv exposure and the corresponding UV
ambient dose on a horizontal plane during the sahys, is also shown in Table 1. Median
ER for the whole period of the study was 8.3 (2.3 %.
<Table 2>

The erythemal UV exposure received every 2 dagsmgar throughout the entire study
period, not so for the exposure ratio, which wagdvas high at the beginning of September
than in late June, probably due, among other thitoghe intense heat of late June.

Since the range of erythemal UV exposure givesrim&ion about how spread out the
data is, the 2-day range gives a measure of vityaétween individuals. On June 28/28nd

in September, the UV exposure range is almost tthiaeof the other 2-day periods, indicating

12
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that on those days the agents’ behavior was diftdrem other days, probably due to, among
other factors, the forest fire that started on2&e

<Table 3>

The results discussed above are sub-classifiedsiyn@ter position in Table 3, although
in the statistical comparative analysis we havecnosidered the measurements recorded by
the head-attached dosimeters, due to insufficiatet. dJsing the Mann-Whitney (Wilcoxon)
test to compare medians, no statistically significhfference was found in terms of SED
received (p=0.15), SED per hour (p=0.07) or ER (p£Pregarding the positions of the
dosimeter on shoulder and wrist.

<Table 4>

We also studied the doses received in each wofkastd in each of these the results
were sub-classified by dosimeter position (TableTfe Mann-Whitney (Wilcoxon) test
results showed no significant statistical differemegarding the median dose received
(p=0.58), the outdoor dose received per hour (@50rr did the ER (p=0.87) between the
two shifts. Since we observed that the dose rededwethe shoulder on the afternoon shift was
higher than that on the wrist, we studied whethes¢ differences were significant with the
Mann-Whitney (Wilcoxon) test and the results showed the median doses received were
not statistically different (p=0.30) and nor was #R (p=0.43), although the dose received per
hour outdoors was statistically different (p=0.02).

<Table 5>

The dose received analyzed by gender (Table 5) skivat women received statistically

significant higher doses in terms of the mediar0(p8), of ER (p=0.00) and dose received per

13
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hour outdoors (p=0.02), although these resultsldhmeijudged with caution, since fewer

women participated in the study than men.

Skin Exposur e Factor

The calculation of this factor gives a result af5lin terms of the values adopted for this study
described above. The ICNIRP 2007 Guide (74) reconaismi@earing shirt and brimmed hat to
reduce skin exposure (Table 6).

<Table 6>

DISCUSSION

Many studies have been carried out on UV exposureuidoor workers. In New Zealand a

mean daily concurrent ER of 20.5 % (measured om#o&) was obtained for these workers in
summer (37). In another study (39) Austrian farmecgived an average ambient daily dose of
between 3% and 26% on the face. An lItalian study (éports a median concurrent ER of

29% on the arm in vineyard workers in summer. Med&® values ranging from 4.5% to 8%

were found in gardeners in Ireland and Denmark. (B2 previous work (38) the authors of

this paper studied the UV dose received by Spagastieners and lifeguards and obtained ER
values of 9% and 27%, respectively.

The median 2-day UV exposure for the environmeatg@nts in our study was 6.2 SED,

representing a daily value of 3.1 SED, which exedbd EL by a factor of 3. This means these
workers exceed the international recommendation dolar occupational exposure of

unprotected skin by three orders of magnituglevironmental agents can not usually choose
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their work location and decide whether to perfohmirt labor in the shade or in the sun. Hence,
protective clothing and sunglasses remain the mdirmidual measures against UV exposure.
However, as the ICNIRP (2010) assumes a valueSEDB to be the average threshold exposure
for sunburn in non sun-adapted skin type Ill/I\e Bubjects involved in this study do not exceed
the recommended threshold value.

The environmental agents in this study receivedediam of 8.3% ambient erythemal UVR,
with a range between 0.3 and 29.3%. This wide razmyedd be attributed to the different
orientation of the dosimeters relative to the hamial, due to their different postures and
working environments.

A recent study has found that outdoor workers ptote measures are quite inadequate and
sunburn episodes remain high (84), indicating teednfor specific campaigns to further
adequate protection. It may be useful to reminddeert workers of the risks associated
spending too much time in the sun between 11 am Zamn in summer. It should be
recommended to them to seek shady areas to petf@mimwork whenever possible, such as
the shade of a tree, suitable in the case of our@mmental agents, or around the shade of a
building. Anyway, as these workers can spend abdutper day exposed to UVR it is difficult
for them to completely avoid UV exposure, so tha tise of protective clothing, a wide-
brimmed hat and sunglasses are appropriate pneestiiategies. As an adjunct protection is
the use of broad-spectrum sunscreens, althougletiisil use by outdoor workers has proven to
be unreliable, and it is recommended only whenatiher mentioned measures are unsuitable
(73). Furthermore, according to a recent articke) (Be use of adequate protective measures

could lead to reductions of up to 27% in skin casdyy 2050.
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Comparing the ambient erythemal UVR from groundebastations and the OMI-derived
erythemal daily doses shows an overestimationdfifse OMI, larger for the Valencia station
because of its urban location. Similar resultslwafound in other papers (80-83).

The results have been sent to the organizatioronsdpe for the agents that took part in the
study, so that they should be aware of the radidati® agents are exposed to and take the
appropriate preventive measures, such as educatirigers about the danger of excessive sun
exposure without protection, and encourage thetamopf protective strategies and the use of
protective measures, among others.

Finally, a personal dosimeter was used to meadweotcupational UV exposure of the

enviromental agents, who exceed occupational U\bosxie limits (73).
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