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Abstract

To quantify schoolchildren’s exposure to ultraviolythemal radiation (UVER), personal
dosimeters (VioSpor) were used to measure bioltdgiedfective ultraviolet (UV) radiation
received in the course of their daily school at&#e. The study took place in two primary
schools in Valencia (39° 28 ' N) Spain, for severakks from March 2008 until May 2009,
with two age groups (6-8 years and 10-11 years)iavolved about 47 schoolchildren. The
median daily UV exposure values for all age groapd solar height intervals considered in
the study ranged from 1.31 to 2.11 standard eryéthelmses (SEDs). Individual UV exposure
was analyzed as a function of age, gender and etsinposition. Significant statistical
differences were found between different age grouwpth the younger age group receiving
higher statistically significant UVER exposure. Was also found that boys received
significantly higher UVER exposure than girls. lasvalso noted that shoulder dosimeters
registered higher readings than wrist dosimeters.

Exposure ratio (ER) is defined as the ratio betwberpersonal dose on a selected anatomical
site and the corresponding ambient dose on a hudkplane. The median ER for all age
groups and solar height intervals in the study edingm 4.5% to 10.7%, with higher values at

lower solar heights.



1. Introduction

Exposure to UV radiation is considered to be onghef most important risk factors in the
development of skin canc&?. Schoolchildren receive regular and significantisalltraviolet
erythemal radiation (UVER) in their everyday adiss, such as break periods spent outdoors
and outdoor physical education classes. To quarh& children’s exposure to UVER,
sensitive spore-film filter-type personal dosimstéVioSpor) were used to measure the
biologically effective UV radiation received in tleeurse of their activities during the spring,
autumn and winter period in Valencia (39° 28 ' 8pdin).

Many studies have measured UVER exposure in childted adolescents, as sunlight
exposure is believed to be more crucial for theettgppment of cutaneous melanoma during
youth than in adult¥® It has also been estimated that 25% of an indaliducumulative
lifetime UV exposure occurs before the age of 18rge A review of about 30 studies on
exposure to solar ultraviolet radiation in youngmle has recently been publisfe8ome of
these studies on individual solar UVER exposuresuesl by personal dosimeter were carried
out on schoolchildrén'® although none have so far been conducted in Spain

Although it is difficult to compare results from fidirent studies, due to the different
approaches and methods used, the Exposure RatjoM@&Rchosen to minimize the effects of
season, latitude and time of day. ER is definethasratio between the personal dose on a
selected anatomical site and the correspondingearhldose on a horizontal plane during the
same exposure period. Mean ER for primary schodien on weekdays during summer tends
to lie within a range from 2.8-4.5% in South Affices-7% in Englant? and 4.6% in

Australia. In Australia, weekday ER values range from 4.322d8% in early summer to late



winter'?, From late spring to early autumn weekly ER w&@8®in New Zealand® In Japatf,

a 4%-9.9% average yearly UV exposure to ambientd¥ measured and in Denmark was

4.1% for children from 4-15 years old. Boldemanakt® studied the UVR exposure of
Swedish preschool children (1-6 years) and obtaaredverage relative UVER exposure of
6.4% in late spring.

However, solar exposure also has beneficial effectauman health, such as the synthesis of
Vitamin D’ required for skeletal health, important for chéldrat the growing stage and has
been suggested as having beneficial propertiesisigaieast and colon cancers in adultfod

The aim of this work was to quantify the UVER expesof primary schoolchildren in the course
of several days in their daily schedules during ¢hgng, autumn and winter period in Valencia
(Spain).

Individual UV exposure was measured using sensigpere-film filter-type personal
dosimeters (VioSpor) and was analyzed as a funafcege, gender and dosimeter position.
Dosimeters can be used effectively for personalridasurements in outdoor occupatfdig
recreational activiti€s>* and school activiti¢é 1% 2° They are also easy to place and manage
and have a spectral sensivity profile similar tgttegma-weighted data calculated from spectral

measurements.

2. Materialsand methods

2.1 Study location

The study was performed in Valencia, Spain, (cowids 0° 22 ' W, 39° 28 ' N, sea level), in
two primary schools at a distance of about 1 kilmenom each other. The periods included a

winter campaign (2007-08), two spring campaign®&8nd 2009) and an autumn-winter



campaign (2008-09). In the school identified as. EhBre was only one group of children aged

6-8, whereas school P.C. included children froniagje groups.

2.2 Subjectsand design

Two groups of subjects were identified using samdge breakdowns to previous studies, such
as Wright et at2. The two age groups were 6-8 and 10-11 yearsSoidject recruitment was
done on a volunteer basis, and included writtersennby the parents of the participating
children. The first meeting was with the head teaet each school to explain the
requirements of the study. A subsequent meetiniyptace to inform teachers of the details of
the study and to ask for volunteers to participélte teachers compiled a diary in which they
kept a record of the times when dosimeters wer@paind taken off, the number of hours
spent outdoors and the children’s skin type. Stheaim of this work was to study the
exposures on days of maximum solar radiation, e instructed to take readings on
cloudless days, when most of the sky was clealooids at the beginning of their working day.
When they were not sure how to classify the coon#j they were instructed to contact the
authors by phone. They were also instructed nohémge their activities during the
measurement sessions and to continue with themaaoutines.

Most of children were skin type Il (74%) accorditigthe Fitzpatrick’s classificatioff. The
individual cumulative solar UVER exposure was meagiy a VioSpar dosimeter Type |l
changed every 1, 2 or 3 days, depending on thedfrgear. Dosimetry of ambient UVER was
performed simultaneously in the weather statiothefTechnical School of Industrial
Engineering of Valencia (TSIE), coinciding with tireeasurement sessions in the schools.

Children wore the UVER dosimeters placed eithethair shoulders or on the wrist



throughout their school day from 9:00 a.m. to 108. The shoulder was chosen as it
receives the highest UVER exposure to the bodgrdtian the head, which is often protected
by a hat or other cover. Approximately half of dfeldren wore the dosimeters attached to
Velcro straps on the wrist, which is consideredrtiust practical and suitable anatomical site
for measuring solar ultraviolet radiation expostire.

Solar height was estimated at noon on each ddyoéntire measurement period. Days of
similar solar height were then grouped togethergaw three periods with median solar
height values of 36.4°, 54.7° and 71.7° for scRoGl; and 34.6°, 55.6° and 71.7° for school
E.P. These periods correspond to autumn-wintely spring, and late spring, respectively. In
this paper and tables these periods will be redfeiréhereinafter as Solar Height (S.H.) 1, 2
and 3, respectively.

One dosimeter was used every day in the schoolifctRe months of April and May 2008,

and in the school P.C. in March 2008. In this sthdasimeters were used every 2 days in the
period of May 2008 for both age groups. In the neing periods, dosimeters were used every
3 days. To compare the measures, it was got thedtse calculated by dividing several days
Viospor reading by the number of days used.

Table 1 shows the measurement dates and the comdisg medianvith maximum and

minimum in brackets)fosolar height for each school and for each peoidithe study. Also is
shown the number of children of each age group pdrticipated in each sub-period of each
solar height

In the 10-11 years age group there are 10 childiremparticipated throughout the study, two more

children who participated in October 2008 to Map2@except only one in March 2009) , three more



children who participated only in March 2009, onerenchild participating in April and May 2009 and
finally two more children who only attended in Ap&009.

In the 6-8 years age group of school P.C. therd@mhildren who participated throughout the study
except in March 2008 and April 2009. In March 20@&lved 10 children, who did not return to do so
throughout the study. Three more children partigigan October 2008 to April 2009 except in
February 2009, one more child participated in Oetd08 to January 2009, and two more children
participating in February to May 2009 (except infih@009). Finally one more child only attended in
October and November 2008, another more only imk@at2008, and another more only in January
2009.

In the 6-8 years age group of school E.P., thexeéahildren who participated throughout the study.

<Table >

2.3 Personal UVER dosimeters

A UV sensitive spore-film filter system (VioSpBlue Line Type Il Dosimeter, Bio-Sense,
Bornheim, Germanyj was used as the UV dosimeter. Spore-film prododtiNA repair-
deficient strain of Bacillus subtilis) and the dey@ment of the films are described in some
paper$® 2 The spore films are covered by a filter systeniwptical properties simulating
the erythemal response of human skin in accordaitbethe CIE reference spectréinand
mounted in waterproof casings with a diameter off82. The units of solar erythemal
exposure are given by the manufacturer ag @ha minimal erythema dose (MED) for skin
type Il. One MED corresponds to 250 3/normalized to 298 nm, the dose which causes
erythema in non-tanned Caucasian skin (skin typeith sharply defined edges 24 h. after sun
exposure. The measurement range of the dosimdtenis10°® to 10t Wcig/m?, corresponding

to 0.05 MED/hour and 1000 MED/hour, respectivelilene Weie/m? corresponds to the



erythemal irradiance in accordance with the ClEnaice spectruth The working range used
is, according to the manufacturer, 0.4-22 MED (tifpand measurement error is £10%. The
response is independent of humidity and temperétone -20°C to 50°€.

The measurements were expressed as standard eaytlose (SEDY of biologically effective
ambient solar UV radiation, where 1 SED is definsaffective 100 J/fiwhen weighted with

the CIE erythemal response funcfiéin

2.4 Ambient UVER exposure

One Type Il dosimeter was set up on a horizonttkepht intervals of several days to measure UV
radiation, coinciding with the readings taken frma subjects. The dosimeters were located on
the roof of the TSIE station (coordinates 0°20 " ¥8, 39°28 ' 49 " N, 15 m above sea level) in the
campus of the Polytechnic University of Valenca@tte north of the city of Valencia, far from
industrial areas, near open country and approxignatkem from the schools where the study took
place. We used 31 dosimeters located on the roafl @id function. The dosimeters were
controlled daily by an investigator of the papeney were set and remove every day at the same
time. They had no influence of adjacent buildirege] therefore all measurements have been good.
Other available ambient UVER readings were frofE® UVB-1 radiometer, belonging to the
Valencia Government's (GV) UVB measurement netwhrdiocated at 00°20'09"W 39°27'49 N, on
the flat roof without obstructions or shade of dding in the city of Valencia, approximately 2

km from the University.

2.5 Statistical analysis

Data were analyzed using the Statgraphics Plug/adtv5.1 statistical package and are

expressed as the median (25,75 percentile). TH&aeet of variation (CV), a normalized



measure of dispersion of a probability distributiosas also calculated to study if children
behave as a homogeneous group. It is defineceasitio of the standard deviation to the
mean.

The Contrast W Mann-Whitney test (Wilcoxon) wasdugecompare differences between two
samples in terms of UVER doses, ER or SED per baotdoors. The Kruskall-Wallis test was
used to compare differences between more than taugpg in the same terms. Statistical

significance was set a&f.05 for all analyses.

3. Results

3.1 Ambient solar UVER

Actual temperature data provided by the State AgérmcMeteorology? for the entire period

of the study is shown in Table 2, also ozone dhatained from an Ozone Monitoring
Instrument (OMI, NASAJ and the UV index (UVI$* *from the ambient UVER (SEDs)
from the YES UVB-1 radiometer belonging to the Galfitat of Valencia station. As can be
seen from the table, solar UVI is low in the winperiod (2-3) and quite high (between 7 and
8) in the spring, both normal for the time of yeaWalencia. The total column ozone from the
OMI measurements for Valencia varies from 268 Dok/13 October, 2008 to 413 D.U. on 5
March, 2008.

<Table 2>

3.2 Measured UVER exposures

Table 3 shows the number of dosimeters used and timea outdoors per day, total exposure

by gender and dosimeter position, for each sctama,group and period of the study.



We were able to analyse 372 dosimeters and onlyet6 out of range of the sensitivity of the
dosimeter The children comply well and the teachers conapled daily diary with the
information requested by researchers. Of the wité872 dosimeters analyzed, onlyhdd a
measured dose less than 2% of its respective aséclinaximum potential doSe
<Table 3>

3.2.1 6-8 year group. Tables 4 and 5 show the median (25, 75 perceuliy
measured dosimeter exposures in SEDs for the @8gyeup for each of the solar height
intervals, with the highest value of 2.11 (1.45,3) SEDs for S.H. 3. Also given is a summary
of the median ambient UVER as measured by the ddsimsy in SEDs, and the children’s
median (25, 75 percentile) outdoor UV exposur&SHD per hour (0.80 (0.59, 1.14) for S. H.
3). Also interesting is the fraction of ambientiedidn subjects were exposed to, ranging from
10.7 % for S.H. 1 t0 6.1% for S. H. 3. The resdiscussed above are subclassified by gender
in Table 4 and by dosimeter position in Table 5e Tiedian daily UVER exposure received by
boys was significantly higher than by girls (2.@amst 1.45 SEDs, p=0.0004), as was ER
(9.2% against 6.3%, p=2E-5). UVER exposure recebyethe shoulder dosimeters was also
significantly higher than those placed on the w(({$t91 against 1.53 SEDs, p=0.005). The
median daily UVER exposure and ER received by oliidn the S.H. 1 period is significantly
lower to that received in the other two periods2lg=5, Kruskall-Wallis test).
<Table 4>
<Table 5>

3.2.210-11 year group. Tables 6 and 7 show the median (25, 75 percennlaliy
measured dosimeter exposures in SEDs for the M@drigroup for each of the solar height

intervals, with the highest value of 1.81 (1.13,8) SEDs for S.H. 2. The median ambient

1C



UVER as measured by the dosimeters is also shoB&Ds and the children’s median (25, 75
percentile) outdoor UV exposure, in SED per houthwhe highest value of 0.55 (0.34, 0.75)
for S. H. 2. Also interesting is the ER, rangingnfr10.1% for S.H. 1 to 4.5% for S. H. 3. The
results discussed above are subclassified by geamdable 6 and by dosimeter position in
Table 7. The UVER exposure received by boys wasfgigntly higher than by girls (4.73
against 3.86 SEDs, p=0.036), as was ER (9.0% agait%, p=0.037), while no significant
difference was found regarding the dosimeter pwsitp=0.60). The median daily UVER
exposure received by children in the S.H. 1 persagnificantly lower than that received in
the other two periods (p=0.003, Kruskall-Wallistiewhile ER is significantly different in all
three periods (p=1E-5, Kruskall-Wallis test).
<Table 6>
<Table 7>

3.2.3 Comparison of all subjects.
Significant statistical differences were found betw boys and girls, with boys receiving
significantly higher UVER exposure than girls (colesed as outdoor SED per hour, 0.67
against 0.52, p=2E-4, or SED per day, 1.88 agaids, p=2E-4) as was ER (8.6% against
6.1%, p=2E-5). Using the same analysis for showdddrwrist dosimeters, those placed on the
shoulder received significantly higher UVER exp&s(p=0.006, 0.62 against 0.53 SED per
hour outdoor), while no significant difference waand regarding the ER (8% against 7.3%,
p=0.12).
Significant differences were found between the age groups, with the younger children
receiving significantly higher UVER exposure thae blder ones, analyzed as SEDs per day

(1.77 against 1.51 SEDs, p=0.018) or analyzed & ¥ hour outdoor (0.67 against 0.47,
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p=2E-7)). However, no significant difference waarid in ER (p=0.33). When subclassified
by gender, we did not find any significant diffeces in SED per day and ER between boys
(p=0.08, p=0.09) in the two different age group$oomgirls (p=0.45, p=0.83) in the two
different age groups. However, a significant défece was found for outdoor SED per hour in
boys of the two different age groups (0.72 agaiist, p=8E-4) and also in the two girls’
groups (0.57 against 0.45, p=0.007), the youngkatrelm receiving the highest values. When
we considered dosimeter position, we found thaetieere no significant differences between
subjects with wrist dosimeters in both age grougp®eSED per day (p=0.43), unlike outdoor
SED per hour (0.58 against 0.44, p=8E-4). Thosk shbulder dosimeters received
significantly higher UVER exposure in the lower ageup (1.91 against 1.51 SEDs per day,
p=0.013), or analyzed as SED per hour outdoor (8géinst 0.50, p=4E-4).

When considering solar height, we noticed thaintieelian daily UVER exposure received by
all children in the S. H. 1 period is significankbyver than those received in the other two
periods (p=1.4E-7, Kruskall-Wallis test). For ERe tthree periods are all significantly

different (p=1E-5, Kruskall-Wallis test).

3.2.4 Comparison of 6-8 year old children from 2 schools. The results presented can
not draw conclusions as compared many children sonool P.C. with only 6 children from
school E.P. Anyway, it has made a statistical stodgwing the previous models, but without
differentiating by sex or position of the dosimeter
No statistically significant differences were foundegard to median outdoor UV exposure
per hour between the 6-8 year-old children eitlewben schools (p=0.189) When we

considered ER, we found that P.C. schoolchildrehdignificantly higher ER than those of the

12



other school (8.3% against 7.2%, p=0.028). For §.H.C schoolchildren had significantly
higher ER (p=0.002), whereas for S.H. 3, E.P. sldididren had significantly higher ER
(p=0.023).

3.2.5 Homogeneity of exposure.
For every school and age group, the CV was cakdlet study if children behave as a
homogeneous group with respect to outdoor UVER sxi@o Since the CVs obtained for the
two groups of 6 years old and the group of 10 yeltsare above 50%, we conclude that
some children, day on day, received consistentizdri or lower exposures than their

classmates.

4. Discussion

It is difficult to compare results of studies on @X¥posure in children due to the difference
in their design, such as anatomical dosimeter jpos#nd type, latitude, season and age group. For
this reason, ER was chosen to minimize the effgfictgason, latitude and time of day on the
analysis.

The measurements days in school P.C. for the twa@eaups are the same, except in the
sub-period April 2009 due to organizational proldeon April 1, 2009 by the group of 6 years old.
Since the days of measurements at school E.Poatbensame, but similar, ER was chosen to
compare results.

The results of this study are moderately consisigtfit those of Guy et &l.who found 4.5%
ambient UVER exposure for 4-6 year-olds and 2.8848 year-olds on the clavicle, during
summer in South Africa. In our study, using schbidtiren with dosimeters on the shoulder, we

obtained 5.5-6.9 % for 6-8 year-olds and 4.5 %ilf»r1 year-olds in late spring. Diffey et'al.

13



found that 9-10 year-old English schoolchildrerereed 6-7% ambient UVER exposures on the
chest in summer, similar to our results for shoutggosure in this age group. In Australia,
Kimlin et al!! found about 4.6% ambient UVER exposure for 8 yedrschoolchildren on the
shoulder during late summer and Gies éf abcorded 5-8% ambient UVER exposure in summer
and 4-8% in winter for 12 year-olds on the shoul@arr result for autumn-winter in 10-11 year-
olds was 10.1% in a slightly higher position. Wtigh al*® measured 5.8% ambient UVER from
late spring to early autumn in New Zealand for age groups (8 and 12 years old). In Japan, Ono
et all* obtained a yearly average of UV exposure to anmhighof 4% to 9.9% on the upper arm,
including weekends, for 8-9 year-old schoolchildiéfhile we measured only during school
attendance days, our median annual shoulder pageefdr the 10-11 age group was 8.5%. In
Denmark® 4.1% annual ambient UVER was measured on the ofrigt15 year-old children,
results slightly lower than ours, 7.7% ambient UVIBRboth age groups in the same dosimeter
position. Boldeman et &f.studied the shoulder UVER exposure of Swedishcpias children
(1-6 years) and obtained an average 6.4% relatifeRJexposure in late spring. Our results gave
5.5-6.9% ambient UVER for the 6-8 year-old grouphvidentical dosimeter position and period.

Diffey et all® and Thieden et &P have experienced that some persons day afterafay g
higher respectively lower UV doses than their peersur study, the CV was calculated to
study if children behave as a homogeneous groupnegipect to outdoor UVER exposure.
Since this coefficient obtained for all groups limae 50%, we conclude that, in fact, some
children, day on day, received consistently higirdower exposures than their classmates.

It can be seen in Table 1 that school E.P. haddhee groups participate at different times
of the year, when the ambient solar UVER was affiérso we can compare this group’s UVER

exposures at these different times. UVER exposugeierally proportional to ambient, so when
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the UVER ambient is higher, the same group recédigiser UVER exposure as can be seen in
Table 4.

When we compared all the children by gender, Sicanit statistical differences were
found, with boys receiving significantly higher UREexposure than girls. These results are
consistent with other studi@st® ?Using the same analysis for shoulder and wrisineters,
we found that the shoulder received significanilghler UVER exposure, in agreement with
other studies on outdoor activiti#s.3’ If we considerer the solar height, UVER exposure
received by all children in the S.H. 1 period igrgiicantly lower than that received in the
other two periods. The three periods have signifigadifferent ER values (Kruskall-Wallis
test). ER is greater in winter than in late spr{ff.7% against 6.1%), probably due to the
children seeking the shade in the months of higbelstr radiation and seeking solar radiation
in the winter months. Another reason may be that tduthe lower solar altitude resulting in
higher relative amounts of diffuse UV. Although need ER is higher in winter, the
schoolchildren’s UVER exposure is higher in latergp due to higher ambient UVER in this
season.

When we compared the two age groups, we foundhlkeatounger children received
significantly higher UVER exposure than the oldee®. This could be due to increased
awareness of the dangers of excessive solar radiatiolder children. The same did not
happen when we compared ER for the same grougdsalpilsoowing to the fact that the days of
measurement of both age groups were not the sanmejther the ambient UVER for ER
calculation.

We also compared 6-8 year old children from the dvfi@rent schools, although we

can not draw definitive conclusions as comparedyneaiidren from school P.C. with only 6
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children from school E.P.. We did not find statiatly significant differences in regard to
UVER exposure. When we considered ER, we foundsstatlly significant differences
between ER in the two schools for each solar hemdbtval. The school E.P. group gets
approximately half the dose of the group P.C. &i.Sl. This is due to the architectural
conditions and conditions of the buildings in th@ tschools. In the school E.P., there is a
building south solar that produce shadow in th@stiiard when the solar height is small,
while when the solar height is higher this shadwsajppears. Also, probably is owing to the
fact that, as said before, the readings for eastpgwere taken on different days, as can be
seen in Table IThe schoolchildren E.P. received highdeses at S.H. 2 and S.H. 3, in addition
to the architectural conditions, because they areertime outdoors, as shown in Table 3.
The other school (P.C.) has trees and shadow stas;tand when the day is hot, children are
protected in the shade, while in the school E.@ stthool yard has not trees or shadow
structures.

When we considered the period with the highestrsaldiation in our study (S.H. 3),
median daily UV exposure classified by gender wamia2.39 (1.70, 3.43) SEDs for boys and
1.76 (1.28, 2.29) SEDs for girls; when classifigcdbsimeter position was 2.11 (1.38, 2.98)
SEDs for the shoulder and 1.76 (1.10, 2.58) SEDfk wrist, and by age group was 2.11
(1.45, 2.73) SEDs and 1.70 (1.09, 2.65) SEDs fet6H#8 and 10-11 age groups, respectively.
Therefore, in regard to age group, this exposuceeded 1 SED by a factor of 2.1 and 1.7
respectively, so that the children received appnately 2 times the expected UVER load for
unprotected skin and eyes in their daily outdodivaies in late spring, indicating that
protective measures are necessary, with the bogstie 6-8 age group receiving far more

radiation (2.61 SEDs per day in late spring).
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Although children spend up to 3-4 h per day expdeddV radiation, it is possible for
this population to partially avoid UV exposure, esiplly in the summer, by seeking the shade
of trees, buildings, etc. The use of sunscreedspantective clothing are advisable protective
strategies.

The recommendations for UV minimisation based as rissearch would be targeted at
those responsible for the design and constructioechools, to take into consideration to
increase the number of trees and shade structamesso to increase the amount of shade.
Thus, students could enjoy recreational spacewuitteceiving much solar radiation.

This information has been sent to the heads of sti@ools so that, within its
capabilities, take action to reduce the level dfadon received by the children.

In conclusion, a personal VioSpor film dosimet@swised to measure the UV
exposure of primary schoolchildren at school, whesenfound to far exceed international UV
exposure limits. These high exposure values argesiiye of an increased risk of skin cancer,
as sunlight exposure is believed to be more crifieighe development of cutaneous

melanoma during youth than as an adult.
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Table 1. Measurement dates for each school, camelipg median solar height (with maximum and

minimum in brackets) of each period of the studgt anmber of children who participated in the study

in each age group and period.

School (number

children 6y-10y)

Measurement Dates

Solar Height at noon (°)

Median (max, min)

P.C.

E.P.

P.C.

E.P.

P.C.

E.P.

(10-0) *

(16-12)
(15-12)
(15-12)
(12-12)
(6-0)

(15-15)
(3-0)

(0-15)
(6-0)

(10-10)
(10-10)
(12-12)
(12-12)

(6-0)

4,5,6, 7,12 March 2008 (daily);
16,21,27 October 2008;
3,4,5 November 2008;
27,28 January, 3, February 2009;
4,11,18 February 2009
13,27 October 2008, 3 November 2008;
10,12,13 November 2008;
28 January 2009, 3,4 February 2009;
11,18,19 February 2009

24,25,26 March 2009;
3,6,8 April 2009;
1,3,8 April 2009
29 April 2008; 30 April 2008;
25,26,27 March 2009;
3,6,23 April 2009
26,28 May 2008;
29,30 May 2008;
21,22,25 May 2009;
27,28,29 May 2009

20,21,26,28,29 May 2008 (daily);
25,26,27 May 2009;
,28,29,30 May 2009

36.4 (46.8, 31.8)

34.6 (42.6, 32.0)

54.7 (57.4, 51.6)

55.6 (65.4, 52.0)

71.7 (72.2, 70.5)

71.6 (72.0, 70.5)

*School name and, in brackets, the first numbénésnumber of children in 6-8 year age group,

second number is the number of children in 1@€dr age group.
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Table 2. Actual Mean temperature (with maximum amidimum in brackets) of the indicated period ,
maximum and minimum of ozone concentration fromi@zblonitoring Instrument (NASA) for the
indicated period, maximum and minimum ambient UVd&R UV index (from the UVER (SEDs)

from YES UVB-1 radiometer at the Generalitat of &adia station) for the indicated period.

Date Air temperature Ozone Ambient UVER uvi
(°C) (Dobson Units) (SEDs)
4-7/03/2008 10.4 (18.8-4.9) 322-413 12.19-14.87 3
12/03/2008 17.8 (23.5-14.4) 297 21.65 5
29,30/04/2008 17.3(22.9-12.4) 337-342 35.48-37.28 7
20,21/05/2008 19.7(28-14.0) 365 39.35-40.66 7-8
26,28-30/05/2008 19.6 (26.9-15.0) 334-359 28.4584. 7-8
13,16,21,27/10/2008 20.7 (24.5-13.8) 256-292 12328 3
3-5/11/2008 13.8 (19.5-8.0) 326-350 8.44-10.52 2
10,12,13/11/2008 14.5(19.0-10.2) 288-308 6.93-9.84 2
27,28/01/2009 13.9(20.5-9.5) 303-335 6.61-7.08 2
3,4/02/2009 11.9(18.0-7.9) 366 8.66-11.22 2-3
11,18,19/02/2009 11.2(20.2-5.5) 354-359 11.26-12.54 3
24-27/03/2009 14.0 (21.4-8.1) 327-351 23.73-26.23 5
1,3,6,8/04/2009 13.3(17.8-8.1) 382-399 20.76-24.90 7
23/04/2009 18.5(25.5-12.8) 331 42.25 8
21,22/05/2009 19.1 (22.0-16.9) 306 26.80-44.02 6-9
25-29/05/2009 20.8(25.8-15.1) 331-345 42.65-48.16 8
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Table 3. Number of dosimeters used mean time speiatoors by age and gender, and dosimeter

position by school and period of the study.

Number of DOSIMETERS (Mean time outdoors/day)

Age Mean Time  Total girls boys wrist shoulder
outdoors/day
(h.)
Solar Height 1*
School P.C. 6-8y 2.89 104 40 (2.70h) 64 (3.00h) 52 (2.88h) 52 (2.90h)
10-11y 3.20 47 27 (3.19h) 20 (3.22h) 25 (3.22h) (229h)
School E.P. 6-8y 2.17 22 10 (1.95h) 12 (2.36h) 195h) 12 (2.36h)
Solar Height 2
School P.C. 6-8y 2.16 18 8 (2.04h) 10 (2.26h) 03R) 9 (2.29h)
10-11y 3.26 30 15(3.18h) 15(3.33h) 15 (3.50h) (3862h)
School E.P. 6-8y 2.74 24 12 (2.61h) 12 (2.86h) 2@1h) 12 (2.86h)
Solar Height 3
School P.C. 6-8y 2.55 44 24 (2.60h) 20 (2.50h) 22Qh) 22 (2.61h)
10-11y 3.30 43 28 (3.31h) 15(3.28h) 22 (3.51h) (R32h)
School E.P. 6-8y 2.94 40 19 (2.93h) 21 (2.94h) .aQB) 36 (2.93h)

*Solar Heights 1,2 an 3 correspond to the periodsse median values of solar height are 36.4°, 54.7°
and 71.7° for school P.C.; and 34.6°, 55.6° an@Pfar school E.P, respectively.
* Number of dosimeters used corresponding to gir-8 year group at School P.C. In brackets, mean

time spent outdoors per day for this girls’ ageugro
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Table 4. UVER exposure and ambient UVER (both gineBEDS) per day, measured using VioSpor
dosimeters, and Exposure ratio for each of ther $amht intervals, for 6-8 age group, stratifigd b

SexX.

UVER exposure SED/Hour Outdoor Median Exposure Ratio

Median (25,75 percentile)  Median (25,75 Ambient UVER Median (25,75

(SEDs) percentile) (SEDs) percentile) (%)
Solar Height 1
School P.C. girls 1.17 (0.78, 1.73) 0.51 (0.321p.6 13.02 8.6 (5.9, 13.4)
School P.C. boys 1.98 (1.14, 2.62) 0.61 (0.43,)0.80 12.84 13.3 (8.5, 20.3)
School E.P. girls 0.53 (0.41- 0.90) 0.33(0.198D.5 11.90 5.0 (3.1, 7.7)
School E.P. boys 1.08 (0.66, 1.38) 0.43 (0.31,)0.59 11.90 7.9 (5.9, 13.2)
Total for S H. 1 1.33(0.88, 2.18) 0.57 (0.37, 0.73) 12.84 10.7,(6784)
Solar Height 2
School P.C. girls 0.98 (0.62, 1.74) 0.45 (0.365D.9 24.88 3.9 (2.5, 7.0)
School P.C. boys 1.93 (1.86, 2.51) 0.84 (0.72,)1.26 24.88 7.7 (7.5, 10.1)
School E.P. girls 2.25 (1.40, 2.76) 0.77 (0.666D.9 27.14 8.2 (4.8, 10.3)
School E.P. boys 2.38 (1.42, 3.61) 0.84 (0.53,)1.20 27.14 8.9 (5.5, 13.3)
Total for S H. 2 1.93 (1.15, 2.85) 0.76 (0.54, 1.16) 25.28 7.6 (4068)
Solar Height 3
School P.C. girls 1.73 (1.34, 2.29) 0.75 (0.514}). 36.11 4.3 (3.4,6.9)
School P.C. boys 2.01 (1.59, 2.93) 0.96 (0.69,)1.12 36.11 6.3 (4.6, 7.4)
School E.P. girls 2.11 (1.78, 2.99) 0.70 (0.5901.0 29.25 6.1 (4.4, 8.7)
School E.P. boys 2.61 (2.12, 3.46) 0.91 (0.74,1.15 29.25 7.2 (5.9, 10.7)
Total for S H. 3 2.11 (1.45, 2.73) 0.80 (0.59, 1.14) 33.31 6.1 (8.5)
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Table 5. UVER exposure and ambient UVER (both ginveBEDS) per day, measured using VioSpor
dosimeters, and Exposure ratio for each of ther $@mht intervals, for 6-8 age group stratified by

dosimeter position.

UVER exposure SED/Hour Outdoor Median Exposure Ratio

Median (25,75 percentile)  Median (25,75 Ambient UVER Median (25,75

(SEDs) percentile) (SEDs) percentile) (%)
Solar Height 1
Sch. P.C. wrist 1.40 (1.03, 2.13) 0.56 (0.38, 0.72) 12.84 11.5 (7.5, 16.9)
Sch P.C. shoulder 1.58 (0.96, 2.60) 0.57 (0.3B)0.6 12.93 12.7 (8.1, 18.9)
Sch. E.P. wrist 0.53 (0.41- 0.90) 0.33(0.19, 0.58) 11.90 5.0 (3.1, 7.7)
Sch. E.P. shoulder 1.08 (0.66, 1.38) 0.43 (0.39)0. 11.90 7.9 (5.9, 13.2)
Total for S H. 1 1.33(0.88, 2.18) 0.57 (0.37, 0.73) 12.84 10.7,(6784)
Solar Height 2
Sch. P.C. wrist 1.23 (0.73, 1.66) 0.56 (0.42,0.74)  24.88 5.0 (2.9, 6.7)
Sch. P.C. shoulder 2.01 (1.90, 2.68) 1.04 (0.734)1. 24.88 7.9 (7.6, 10.8)
Sch. E.P. wrist 2.25 (1.40, 2.76) 0.77 (0.66, 0.96) 27.14 8.2 (4.8,10.3)
Sch. E.P. shoulder 2.38 (1.42, 3.61) 0.84 (0.5)1. 27.14 8.9 (5.5, 13.3)
Total for S H. 2 1.93 (1.15, 2.85) 0.76 (0.54, 1.16) 25.28 7.6 (4068)
Solar Height 3
Sch. P.C. wrist 1.73 (1.36, 2.12) 0.70 (0.49, 1.06 33.31 4.6 (3.2,6.9)
Sch. P.C. shoulder 2.22 (1.44, 3.35) 0.96 (0.70)1. 38.92 5.5 (4.1, 7.8)
Sch. E.P. wrist 2.99 (2.60, 3.46) 1.00 (0.87, 1.15) 37.00 9.0 (7.7,10.8)
Sch. E.P. shoulder 2.23(1.81, 3.31) 0.77 (0.69)1. 29.25 6.9 (4.8, 9.3)
Total for S H. 3 2.11 (1.45, 2.73) 0.80 (0.59, 1.14) 33.31 6.1 (8.5)




Table 6. UVER exposure and ambient UVER (both ginveBEDS) per day, measured using VioSpor
dosimeters, and Exposure ratio for each of ther $aght intervals, for 10-11 age group stratifisd

SexX.

UVER exposure SED/Hour Outdoor Median Exposure Ratio

Median (25,75 percentile)  Median (25,75 Ambient UVER Median (25,75

(SEDs) percentile) (SEDs) percentile) (%)
Solar Height 1
School P.C. girls 1.15 (0.62, 1.69) 0.39 (0.210p.5 9.88 9.6 (7.1, 10.8)
School P.C. boys 1.32(0.94, 1.77) 0.44 (0.29,)0.54 12.38 10.8 (9.5, 13.6)
Total for S H. 1 1.31 (0.83, 1.74) 0.44 (0.27, 0.51) 0.88 10.1 (8105)
Solar Height 2
School P.C. girls 1.76 (1.38, 2.13) 0.52 (0.409D.6 22.16 7.1 (5.6, 9.1)
School P.C. boys 1.98 (0.95, 2.43) 0.61 (0.28,)0.71 24.88 8.6 (4.0, 10.2)
Total for S H. 2 1.81 (1.13, 2.18) 0.55 (0.34, 0.75) 23.52 7.6 (8.8)
Solar Height 3
School P.C. girls 1.38 (0.99, 1.93) 0.42 (0.280D. 37.08 3.8(2.6,7.3)
School P.C. boys 2.27 (1.56, 3.14) 0.76 (0.47,)1.01 3451 5.7 (4.5, 9.5)
Total for S H. 3 1.70 (1.09, 2.65) 0.50 (0.32, 0.83) 37.00 45 (84)
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Table 7. UVER exposure and ambient UVER (both ginveBEDS) per day, measured using VioSpor
dosimeters, and Exposure ratio for each of ther $aght intervals, for 10-11 age group stratifisd

dosimeter position.

UVER exposure SED/Hour Outdoor Median Exposure Ratio

Median (25,75 percentile)  Median (25,75 Ambient UVER Median (25,75

(SEDs) percentile) (SEDs) percentile) (%)
Solar Height 1
Sch. P.C. wrist 1.08 (0.90, 1.74) 0.41 (0.28, 0.53) 14.87 10.1 (6.5, 11.3)
Sch. P.C. shoulder 1.35(0.83, 1.71) 0.45 (0.250)0. 9.88 10.1 (8.5, 11.6)
Total for S H. 1 1.31 (0.83, 1.74) 0.44 (0.27, 0.51) 0.88 10.1 (8105)
Solar Height 2
Sch. P.C. wrist 1.76 (1.17, 2.11) 0.50 (0.34,0.70)  24.88 7.1 (4.7, 8.5)
Sch. P.C. shoulder 1.98 (1.21, 2.63) 0.61 (0.48Y)0. 22.15 8.9 (5.5, 11.9)
Total for S H. 2 1.81 (1.13, 2.18) 0.55 (0.34, 0.75) 23.52 7.6 (8.8)
Solar Height 3
Sch. P.C. wrist 1.56 (0.95, 2.84) 0.47 (0.26, .84 34.51 4.3 (25, 8.2)
Sch. P.C. shoulder 1.73 (1.26, 2.27) 0.50 (0.38)0. 38.92 4.5 (3.2,8.5)
Total for S H. 3 1.70 (1.09, 2.65) 0.50 (0.32, 0.83) 37.00 45 (84)
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