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Monitoring of Solar-UV Exposure among Schoolchildren in Five Japanese Cities
Using Spore Dosimeter and UV-coloring Labels
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To monitor personal exposure to biologically effective solar-UV radiationBacillus subtilis spores

on a membrane filter and UV-coloring labels were incorporated into a monitoring badge. The
samples were covered with one of three types of filter sheet, dependent on the season, to reduce
the amounts of exposure to measurable levels. Five fifth- or sixth-grade classes of primary schools,
each consisting of 30-40 children, were chosen in northern (Sapporo), central (Tsukuba and
Tokyo), and southern (Miyazaki and Naha) cities in Japan. In all four seasons, each child wore a
badge on an upper arm for the entire waking hours, changing it daily, for a week. Upon collection

of the badges, the survival of spores and the extent of coloration of the label were determined. The
results were used to estimate the amount of daily exposure to biologically effective UV radiation,
expressed as the value of spore inactivation dose. Unexpectedly, the average amounts of exposure
were not directly correlated with the outdoor UV irradiance: in the two southern cities, despite
high outdoor irradiance from spring to autumn, the average amounts of exposure were less than
3.1% of the average irradiance. Highly concentrated exposures occurred in two central cities on
three days when extensive outdoor exercise took place. These results contradict the simple notion
that childrens’ exposure is in proportion to the outdoor UV irradiance, and support the view that

the extent of solar-UV exposure is primarily determined by life-style rather than living location.
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Solar-UV radiation is one of the most ubiquitous geno-of us seems most suital§i®. We have fitted spore sam-
toxic agents to which organisms on the earth are exposegles on a carrier into a badge similar to those used to
The grim possibility that this could be increased by themonitor personal exposure to ionizing radiations.
depletion of the stratospheric ozone layer due to anthropo- As an auxiliary dosimeter, we utilized UV-induced col-
logical release of chlorofluorocarbons has raised seriousring, since labels are commercially available that change
concern about medical, agricultural, and ecological consein color from white to blue upon solar exposure. The
guences. The incidence of skin cancers is well correlatedmount of cumulative exposure can be estimated from the
with the amount of UV irradiance, which in turn is prima- depth of the blue color with the use of a color meter. We
rily dependent on geography, and this dependence constitave determined the spectral response of this label, and
tutes the basis of various models predicting the increase ihave established that the degree of coloration is positively
skin cancer incidence as a consequence of ozone depleerrelated to the biological dose.
tion® However, we have little knowledge about the Another problem in developing the monitoring badge
extent of personal exposure to solar-UV radiation, andwvas that these dosimeters are too sensitive to measure
how it is related to environmental irradiance. daily exposure; for example, all the spores are inactivated

A major problem in gquantifying the solar-UV exposure and the label reaches color saturation in less than an hour
is how to measure it. Sunlight is polychromatic, and bio-on a sunny summer’s day in Tokyo. Thus, we used a filter
logically harmful effects are mainly attributable to the to reduce the amount of UV exposure. Among various
shortest region of UV wavelengths. Therefore, to measurenaterials examined, we found that a sheet of blue poly-
it with a broad-band UV detector is problematic, since theethylene is suitable, and we utilized sheets with three dif-
less damaging portions of the radiation are always morderent thicknesses. Incorporating both types of dosimeters,
abundant. This problem can be circumvented by the usee produced badges for the monitoring of solar-UV expo-
of a biological dosimeter that can automatically integratesure among schoolchildren in five cities in Japan. As a
the effectiveness spectrum over the entire UV wavelengthiirst step, we chose schoolchildren because they belong to
range. For this purpose, the spore dosimeter that has bearell-organized groups and could be instructed by class
established and developed during the past decade by omneachers. Eventually, we hope to obtain detailed indices of
solar exposure according to life-style and residential loca-
1To whom correspondence should be addressed. tion by using similar badges.
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MATERIALS AND METHODS 1024

Spore dosimeter Spores of a UV-sensitive mutant strain
of Bacillus subtilis TKJ6312 (vrA10 ssp-L were pre-
pared as describétin the original protocol, they were
spotted on a membrane filter, and extracted by sonication.
However, recovery by using sonication was laborious, and 104
not suitable for the processing of a large number of sam- 1

dE

ples. Therefore, the procedure of the sample preparation ] E
was modified as follows. The spores were suspended in a 10° 104 10° 10° 107
mixture of molten low-melting agarose (0.4%, SeaPlague, Fluence (J/m’)

FMC Bioproducts) and blue-dextran 2000 (0.04%). Four
samples of 5ul of suspension, each carrying abouf 10
spores, were spotted onto a membrane filter 10° e e L
(AO10A025A, Advantec) which was placed in a 12-place - 10! * T ;
manifold apparatus under a low vacuum. Each filter was ;\lo_ﬁ o
cut into two, and each piece, containing two spore spots, £ 3 .
was used in a badge as described below. 310_4 £ *
After the exposure, each piece was cut out, immersed 21075

in 1 ml of water, and heated at 75°C for 20 min with & 107

occasional vortexing to ensure full recovery. Survival was 2 10°° 2 L,
determined by pour-plating on CMM agar as described. 3107 ek
From the numbers of CFU of exposed (N) and control 10+ i
(N,) samples, the value of inactivation dose (ID) was cal- 250 300 350 400
culated as follows: Wavelength (nm)

ID = =In(N/N,). Fig. 1. Response spectrum of the UV-coloring label. Upper

) ) ) ) panel: The color differenceAE) against the fluence of mono-
UV-coloring label White adhesive labels which color chromatic UV radiation at wavelengths of 25% (), 24 ( ),

blue upon exposure to sunlight are commercially available?90 (0 ), 300 @ ), 3134 ), 3344 ), 365X ), and 4G® ( )
(UVRI-LBL BLUE, Tomoegawa Seishi Co., Shizuoka) nm. Lower panel: The effectiveness spectrue () is shown as
and are called ‘UV-coloring labels’ in this report. We the inverse of the fluence required to produce a fixed value
determined the spectral response of these labels with t .oﬁzfg?ofwﬁstgfct?ﬁﬁrfgr'ffﬁéegﬁgéezc?; gﬁngsﬁr(nson, the inactiva-
use of the Okazaki large spectrograph in identical settings
to those employed to obtain the action spectrum for spore
dosimetry? ®

Pieces of the UV-coloring label were exposed to mono-alone can not measure the biological effectiveness, but it
chromatic radiation at wavelengths of 254, 270, 290, 300can serve as an indication of the exposure through experi-
313, 365, and 400 nm. The resultant coloration was meamental correlations with spore dosimetry, as shown below.
sured using a color meter (CR321, Minolta Camera Co.Spectral absorption of filter sheet To utilize spore
Tokyo). As shown in Fig. 1A, the values of color differ- dosimetry and the coloring label for daily exposure moni-
ence QE) increase dependent on the fluence. Shortetoring, we considered that the effective dose should be
wavelengths were more effective than longer ones, thougheduced to less than one-tenth. A suitable filter should
this wavelength dependence was modest. The differencexhibit uniform absorption in the whole range of solar UV
of effectiveness between the shortest (254 nm) and theadiation. Among various materials examined, blue poly-
longest (400 nm) wavelengths was about 20-fold in conethylene used for collecting garbage in the laboratory
trast to the 106fold difference in effectiveness for spore turned out to be suitable, though the original sample with
inactivation. In order to quantitate this dependence, wea thickness of 0.04 mm reduced the transmission only to a
chose a fixed value (20E) of color difference, and the half. We ordered additional types of sheets with a thick-
fluence required to produce this value was calculatechess of 0.07 mm and 0.1 mm. The three types of sheets
from each regression relationship. The reciprocal of thevere designated BPS04, BPS07, and BPS10 (Umeya
fluence is a measure of the effectiveness of radiation aBangyo, Tokyo).
each wavelength. The results are plotted in Fig. 1B. For The optical properties of BPS04, BPS07, and BPS10
comparison, the action spectrum for the spore inactivationvere determined by the use of the Okazaki large spec-
is also shown in the figure. Clearly, the UV-coloring label trograph. As shown in Fig. 2, each filter reduced the
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In this report, we use the term “exposure” to indicate
) e the amount of personal exposure estimated from the
a w a - i badge worn on an upper arm, whereas the term “irradi-
) ance” is used to indicate the amount of global UV irradi-
7 ance estimated from a horizontally placed badge exposed
T ———— —1 : to unobstructed sunlight.

—
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[
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RESULTS

Transmittance
o
[—}

Outline of exposure monitoring One class of 30-40
1 schoolchildren in the fifth-grade (10-11 years old at the
10 +4—4—-—/—"——"—"F—"—""7"—"—""—-"" start of this project) of primary schools in each of five cit-
280 300 320 340 360 380 400 ies, Sapporo (43.0°N, 141.2°E), Tsukuba (36.1°N,
Wavelength (nm) 140.0°E), Tokyo (35.4°N, 139.5°E), Miyazaki (31.6°N,
131.3°E), and Naha (26.1°N, 127.4°E), participated in this
Fig. 2. Spectral transmission of the three filtering sheetsstudy. We chose these four cities outside Tokyo since rou-
BPS04 (a ), BPSO7Y¥ ), and BPS1@( ). tine spectral measurements with Brewer spectrophotome-
ters have been performed in them by the Meteorological
Agency!® Tokyo was added because a continuous moni-
toring study with spore dosimetry has been carried out
transmission uniformly in the crucial range of UV wave- there by one of us!¥ After instruction by a class teacher,
lengths between 280 nm and 334 nm. While the thinnestach child was given a set of seven badges, one of which
sheet, BPS04, exhibited relatively flat transmission ovemwas to be taken out each morning and hooked onto the
the wavelength range up to 400 nm, the thicker twoshirt at an upper arm for the entire day.
exhibited notable increases in transmittance at longer UV The first series of exposure monitorings was performed
wavelength than 365 nm. for a week starting from December, 1994 in Sapporo,
In field experiments on spore dosimetry carried out inTsukuba, Miyazaki, and Naha. In Tokyo, the start of the
Tokyo, BPS04, BPS07, and BPS10 filters reduced the bioexperiment was delayed, so the winter monitoring was
logical effectiveness of solar radiation 2.08, 14.0, andperformed in December, 1995. Spring, summer, and
57.7 times, respectively. We applied these reduction facautumn monitorings were performed in April and May,
tors to estimate the inactivation dose in this report. July, and October in 1995, respectively. Due to individual
Construction of the badge In the final design (Fig. 3), circumstances at each school, the monitoring schedules
each badge contains pieces of UV-coloring label andlid not exactly coincide at the five localities. We collected
membrane filter carrying two spots of *18pores. One about 1,200 samples from each season’s monitoring, and
spot is masked and serves as a control. A filter sheet aheasured the color differenc&K) of the UV-coloring
BPS04, BPS07, or BPS10, according to the season, isbel. Most of the samples showed little change in colora-
used to cover the other spore spot and the label. Anothdion. We considered that a value of color differen8E)(
piece of UV-coloring label with different types of filters below 15 was insignificant, since no inactivation of spores
to allow the estimation of UVA>320 nm) exposure is was seen in such samples (surviving fractions were scat-
also included, and an analysis of the results obtained frortered within the error-range of the colony-formation assay,
this portion of the label will be presented elsewhere.i.e., 0.8 and 1.2). Therefore, we carried out the spore sur-
Except for the regions over the spore spot and the UVvival assay for spore dosimetry only for samples where
coloring label, the badge was covered with cardboard anthe labels showed significant coloration.
a plastic case. The cardboard carries instructions for the Some of the colorations of the UV-coloring label
children and an identification number. The badges areappeared spurious; the color was dark, but purplish, and
each placed in a black envelope marked with the day onlid not match the blue color due to solar exposure. These
which it is to be opened and used. A set of seven badgesjere considered to have been wetted in showers or by
a pencil, and a small notebook to be used for recordingccident. Data from such labels were discarded.
outdoor activities during the week, are included in a box. Estimation of ID from color difference of UV-coloring
After collection of the badges, color difference of UV- labels The thinnest filter (BPS04), which we used for the
coloring labels was determined using a color meter. Mosmonitoring in winter, reduces the transmittance to only
of the samples exhibited small values of color difference.about a half, so it was necessary to use a thicker filter for
We performed the assay of spore survival only for thosenther seasons. We used BPS10 for the spring and summer
samples exhibiting significant coloration. monitoring, but it proved to be too opaque under most
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B cardboard cover plastic case
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black filter
blue polyethylene filter

membrane filter with two spore spots

Fig. 3. A set of seven monitoring badges and a notebook to record outside activities (A). An inside (B) and outside (Paciew of
badge is shown.

conditions, and only 136 samples among 1,171 in thehe date, the global insolation (Global INS in M3/m
spring monitoring exhibited significant coloratiox1b from the record of each local observatory for the day is
AE). Therefore, we used filter sheet BPS07 with interme-shown.
diate thickness for the autumn monitoring. In retrospect, From the summer, three badges at each site were
we think that the use of BPSO07 for all seasons would havexposed to unobstructed sunlight for whole days during
been preferable to ensure consistency of the data. the monitoring. The average values correspond to daily
The plots in Fig. 4 show the regression relationshipglobal UV irradiance and represent the maximum solar-
between the values of color difference and spore inactivalJV exposure on each day at each site. The data of global
tion using the three different sheets. For each set, the vairradiance were missing for the winter and spring, but we
ues were regressed to a power function as shown in thigied to estimate them from the regression relationships
figure. From these regression relationships, we estimatedbtained between the amount of global insolation and
the ID values. These values were multiplied by the approdaily ID at each site as developed previously for the mon-
priate transmission factors of the three types of filters.itoring study in Tokyd? Estimated values of daily ID rep-
The statistics of the ID values for each monitoring day areaesenting the solar-UV irradiance for the day are shown in
summarized in Table I. In this table, after the locality andthe table. The numbers refer to the recovered samples
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excluding those considered spoiled. For the remainingD; 21.5 (Tokyo, July 13), 19.2 (Tokyo, April 27), and
valid samples, the mean ID and the standard deviatiol5.2 (Tsukuba, April 24). Global insolation and total irra-
(SD) were derived. The maximum ID (Max ID) values diance were also high on these three days. The high expo-
from each daily monitoring are shown in the last column. sures seem to have been due to outdoor school activities
Statistics of daily exposure There are 140 data of aver- which took place in good weather, as discussed below.

age daily exposure in the five cities (rows in Table I).

In order to investigate individual cases of high expo-

With regard to the mean values of ID for each class, mossure, daily data for each season at the five localities were
were less than 5 ID, and were considered to represertinned in intervals of 5 ID, and the results are shown in
negligible exposure. There are 8 day-classes exceeding Fig. 5. Note that the ordinate is logarithmic, and the bot-
ID. Among them, 5 were less than 6 ID and these wergom line shows one sample.

observed in Miyazaki. The remaining three exceeded 10 In the winter, all the values except one were less than

dE
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10 : —
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o
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10!
dE
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iFilter: BPS07
2 ]
10° -
10!
y = 0.000749 * x/(2.0136) R= 0.82884
dE
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i Filter: BPS10 A
~ ] ol
10° *
10!

y = 8.0023e-05 * x(2.6294) R= 0.93529

10 ID. The means were less than 1.0 for most of the data
in Sapporo, Tsukuba, and Tokyo, reflecting the low UV
irradiance. In Sapporo, 5 samples exhibiting more than
4.0 ID were from 3 children taking a skiing vacation. In
Miyazaki, the mean ID values were relatively large on
three days (Friday, Sunday, and Monday), when the out-
side irradiance was also high. In Naha, the mean values
were less than 2 ID, but there were some individuals
exposed more than 5 ID; the maximum exposure was 12.5
ID on Friday from a child involved in outdoor sport for
450 min.

In the spring, 89 data exceeded 10 ID, and among them
86 were below 30 ID. The exposure was more or less uni-
form for all the sites, with two exceptional cases. One
was April 27 in Tokyo and the other was April 24 in
Tsukuba. On these days, most samples showed high levels
of exposure, reflecting whole-day outdoor activity (an
excursion in Tokyo and a sports day in Tsukuba). Except
for these two occasions, the rest of the samples are scat-
tered, with the values depending mostly on the weather.
Two data exceeding 40 ID occurred on the same excur-
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Fig. 4. Correlations between the values of color difference (dE)Fig. 5. The individual daily values of ID in wintecd( ), spring
and ID with a BPS04, BPS07, or BPS10 filter. The power-func-(A), summer @ ), and autumnv( ), are binned in units of 5,

tion regression is shown below each panel.

and the numbers of cases within each bin are shown.
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Table I. Summary of Daily Exposure Monitoring

Site Date Global INS Global ID” Number Mean ID s Max ID?9
Sapporo 19941220 5.53 2.70 29 0.63 0.37 1.28
Sapporo 19941221 6.34 3.33 30 0.80 0.37 1.73
Sapporo 19941222 3.40 1.28 30 0.43 0.23 0.95
Sapporo 19941223 6.43 3.40 30 0.59 1.60 7.02
Sapporo 19941224 6.80 3.71 30 0.53 1.34 6.28
Sapporo 19941225 1.95 0.54 30 0.09 0.16 0.92
Sapporo 19941226 8.05 4.81 30 0.64 1.22 5.05
Tsukuba 19941220 5.68 8.56 36 0.47 0.36 1.29
Tsukuba 19941221 8.57 16.12 36 0.66 0.45 2.18
Tsukuba 19941222 10.65 22.52 34 0.89 0.82 3.38
Tsukuba 19941223 9.66 19.38 35 0.71 0.97 4.12
Tsukuba 19941224 9.85 19.97 36 1.01 0.95 4.11
Tsukuba 19941225 8.46 15.80 36 0.48 0.64 2.75
Tsukuba 19941226 7.16 12.22 36 0.45 0.76 3.27
Tokyo 19951214 8.90 13.11 35 1.19 0.65 2.94
Tokyo 19951215 8.20 11.56 36 0.76 0.54 1.90
Tokyo 19951216 9.80 15.21 36 0.64 0.59 2.88
Tokyo 19951217 10.80 17.66 36 0.54 1.06 5.62
Tokyo 19951218 11.10 18.42 36 0.87 0.49 2.07
Tokyo 19951219 3.80 3.54 36 0.37 0.16 0.74
Tokyo 19951220 6.60 8.28 36 0.48 0.34 1.31
Miyazaki 19941215 2.98 5.27 37 1.01 1.25 8.13
Miyazaki 19941216 12.47 47.66 37 4.78 1.53 8.35
Miyazaki 19941217 8.25 25.24 37 1.25 1.01 4.21
Miyazaki 19941218 12.14 45.73 36 4.12 3.12 9.64
Miyazaki 19941219 12.78 49.49 37 5.14 1.71 8.25
Miyazaki 19941220 4.30 9.26 37 0.42 0.36 1.69
Miyazaki 19941221 2.46 3.92 37 0.40 0.23 0.86
Naha 19941222 10.64 34.12 37 1.23 0.86 4.06
Naha 19941223 14.28 53.65 37 1.86 2.54 12.51
Naha 19941224 8.00 22.00 37 0.89 0.81 3.25
Naha 19941225 8.52 24.24 35 0.69 0.72 2.49
Naha 19941226 7.26 18.95 35 0.61 0.70 2.90
Naha 19941227 11.80 40.00 36 1.54 1.97 7.52
Naha 19941228 8.13 22.55 37 0.76 0.80 2.77
Sapporo 19950425 2231 23.06 32 2.98 1.95 7.37
Sapporo 19950426 5.01 2.32 32 0.19 0.10 0.48
Sapporo 19950427 15.47 13.13 32 1.32 0.90 3.71
Sapporo 19950428 21.48 21.76 30 4.36 2.87 13.74
Sapporo 19950429 22.36 23.14 30 2.57 4.42 18.88
Sapporo 19950430 12.30 9.23 31 1.27 2.86 15.21
Sapporo 19950501 23.31 24.67 30 3.48 3.73 13.44
Tsukuba 19950424 25.29 85.18 29 15.25 6.29 27.15
Tsukuba 19950425 4.47 5.92 28 0.13 0.03 0.21
Tsukuba 19950426 11.49 25.30 30 0.62 0.40 1.58
Tsukuba 19950427 23.36 75.39 29 2.03 1.45 5.10
Tsukuba 19950428 13.65 32.98 30 1.02 0.72 2.87
Tsukuba 19950429 12.13 27.51 28 1.36 2.22 11.60
Tsukuba 19950430 8.28 15.29 28 1.39 2.73 11.34
Tokyo 19950425 2.30 1.64 37 0.45 0.17 0.75
Tokyo 19950426 11.07 18.34 37 0.66 0.60 2.88
Tokyo 19950427 21.64 51.45 37 19.19 10.48 45.37
Tokyo 19950428 10.98 18.11 37 0.99 0.50 1.96
Tokyo 19950429 19.51 43.86 36 2.71 5.90 27.73
Tokyo 19950430 7.96 11.04 34 0.35 0.39 1.66
Tokyo 19950501 4.49 4.58 38 0.21 0.12 0.66
Miyazaki 19950509 27.49 160.81 37 2.27 1.51 5.51
Miyazaki 19950510 22.99 122.14 35 2.63 1.86 7.91
Miyazaki 19950511 25.60 144.12 37 3.09 1.97 8.14
Miyazaki 19950512 27.36 159.64 36 2.73 2.33 9.24
Miyazaki 19950513 25.42 142.56 29 5.92 7.08 27.60
Miyazaki 19950514 14.71 61.45 25 2.88 5.59 20.30
Miyazaki 19950515 6.96 19.43 33 0.33 0.18 0.78
Naha 19950426 8.09 22.38 38 0.71 0.55 2.79
Naha 19950427 8.67 24.90 37 1.12 0.70 3.81
Naha 19950428 25.08 127.61 38 3.44 4.84 16.91
Naha 19950429 20.04 90.36 37 4.62 8.54 27.17
Naha 19950430 12.04 41.26 38 1.93 4.30 22.01
Naha 19950501 20.57 94.06 38 1.12 2.52 15.75
Naha 19950502 19.35 85.62 35 2.56 1.63 5.52
Sapporo 19950713 16.42 16.15 29 1.67 0.77 3.31
Sapporo 19950714 5.96 23.49 28 0.45 0.33 1.70
Sapporo 19950715 22.09 31.26 28 3.09 2.45 9.82
Sapporo 19950716 16.67 24.23 23 0.96 0.89 2.70
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Table I. (Continued)

Site Date Global INS Global ID” Number Mean ID s Max ID?9
Sapporo 19950718 29.43 31.48 29 3.56 2.60 10.52
Sapporo 19950719 26.89 14.56 29 2.91 1.23 5.19
Tsukuba 19950714 10.24 100.11 30 2.85 1.66 5.60
Tsukuba 19950715 23.14 102.96 29 4.02 4.89 18.79
Tsukuba 19950716 7.09 18.54 30 0.44 0.70 2.65
Tsukuba 19950717 6.73 10.16 31 0.69 0.77 4.00
Tsukuba 19950718 7.23 24.26 29 1.04 1.02 4.56
Tsukuba 19950719 14.40 35.74 31 0.84 0.87 3.43
Tsukuba 19950720 7.37 9.40 29 0.49 0.69 3.85
Tokyo 19950712 8.00 9.02 36 1.17 1.10 4.40
Tokyo 19950713 18.30 64.05 36 21.46 16.29 50.07
Tokyo 19950714 11.50 30.34 32 0.86 0.97 3.66
Tokyo 19950715 19.70 27.38 35 1.72 211 9.44
Tokyo 19950716 8.20 4.04 25 0.76 1.95 9.66
Tokyo 19950717 8.60 9.87 34 0.34 0.20 1.00
Tokyo 19950718 4.40 4.21 31 0.20 0.09 0.42
Miyazaki 19950711 18.21 142.12 35 2.48 211 10.14
Miyazaki 19950712 22.16 170.62 36 2.35 1.50 5.74
Miyazaki 19950713 27.73 193.60 37 4.97 8.39 38.62
Miyazaki 19950714 27.17 179.30 35 3.99 3.69 16.07
Miyazaki 19950715 26.37 145.35 34 5.37 8.64 46.54
Miyazaki 19950716 25.61 154.89 24 4.75 6.51 21.85
Miyazaki 19950717 12.11 85.60 36 1.10 0.88 4.65
Naha 19950704 23.40 138.46 36 1.08 1.13 5.16
Naha 19950705 23.20 151.20 36 2.72 3.07 11.59
Naha 19950706 25.90 119.09 37 1.94 3.33 13.09
Naha 19950707 25.10 125.72 35 3.29 3.61 15.12
Naha 19950708 23.10 157.25 36 1.36 4.11 24.77
Naha 19950709 6.70 20.31 37 0.69 1.39 6.73
Naha 19950710 13.90 58.59 36 0.80 0.68 3.24
Sapporo 19951007 13.99 6.04 31 1.05 1.58 8.03
Sapporo 19951008 5.34 2.90 31 0.27 0.50 2.86
Sapporo 19951009 13.42 11.75 33 2.65 1.53 7.72
Sapporo 19951010 15.67 15.56 31 1.29 2.01 9.28
Sapporo 19951011 16.21 17.86 32 1.09 0.59 2.45
Sapporo 19951012 15.66 16.23 32 1.25 0.77 3.12
Sapporo 19951013 12.30 5.25 31 2.12 1.23 4.67
Tsukuba 19951013 15.31 21.88 30 2.03 1.30 4.26
Tsukuba 19951014 15.60 20.08 32 1.37 1.72 6.81
Tsukuba 19951015 16.22 21.70 31 2.12 3.26 13.30
Tsukuba 19951016 7.49 9.12 32 2.06 0.97 4.06
Tsukuba 19951017 15.70 22.91 32 0.95 1.24 4.26
Tsukuba 19951018 14.79 18.61 32 0.47 0.41 2.24
Tsukuba 19951019 7.26 8.26 31 0.30 0.21 0.94
Tokyo 19951013 12.00 20.77 37 1.15 0.70 3.91
Tokyo 19951014 15.20 29.88 36 1.15 1.52 6.19
Tokyo 19951015 15.90 32.02 37 1.76 2.23 8.56
Tokyo 19951016 7.80 9.72 37 0.34 0.17 0.95
Tokyo 19951017 16.30 26.26 37 1.85 0.73 3.52
Tokyo 19951018 12.50 20.10 37 0.49 0.29 1.56
Tokyo 19951019 8.90 14.38 36 1.14 0.37 1.89
Miyazaki 19951012 18.95 29.97 36 1.71 1.44 7.84
Miyazaki 19951013 19.32 31.42 36 2.07 1.22 4.53
Miyazaki 19951014 12.79 18.43 37 2.76 3.73 14.13
Miyazaki 19951015 13.16 14.57 36 2.10 2.94 13.49
Miyazaki 19951016 15.62 30.20 36 1.11 0.96 3.60
Miyazaki 19951017 16.65 29.09 33 0.67 0.40 1.68
Miyazaki 19951018 13.69 28.30 34 0.63 0.63 3.37
Naha 19951018 11.50 8.66 35 0.57 0.41 171
Naha 19951019 4.10 3.41 35 0.31 0.18 0.89
Naha 19951020 13.70 17.15 36 0.99 1.30 7.72
Naha 19951021 16.90 32.72 37 2.43 4.27 17.68
Naha 19951022 12.30 26.50 37 3.03 4.85 18.40
Naha 19951023 17.30 25.40 34 0.44 0.29 1.23
Naha 19951024 10.40 9.88 36 0.50 0.36 1.60

a) Daily global insolation (MJ/f).

b) Daily global irradiance expressed as the value of ID.

c) Average daily exposure with standard deviation (SD) expressed as the value of ID.
d) Maximum value of ID.
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sion day in Tokyo. On the same day, 19 individuals in the In the autumn, the amounts of weekly exposure were
class of 37 were exposed more than 20 ID. evenly distributed, and the range of the mean exposure at
In the summer, the average and individual exposurethe five localities was small. The highest exposure was at
were variable and scattered, being dependent on variabMiyazaki (10.8 ID), followed by Tsukuba (9.0 ID), Sap-
weather and outdoor activities. There is one exceptionaporo (9.1 ID), Tokyo (7.8 ID), and Naha (7.6 ID). Several
case in Tokyo on July 13, exhibiting the mean ID value ofindividuals were exposed to more than 20 ID, but none
21.5 and the maximum individual exposure of 50.1 ID.exceeded 30 ID.
This was due to the outdoor curriculum in the school, i.e.,
swimming, during which clothes with the badge werepiscussioN
exposed to the sun at the poolside, followed by outside
physical education. Behavioral records indicated that on This is, to our knowledge, the first attempt to employ
average the children were involved in outdoor activitiesbiodosimetry to monitor solar-UV exposure among human
for 3 h on this particular day. Thus, this exceptional expo-populations. The action spectrum for spore inactivation
sure occurred due to the coincidence of extensive outdoarlosely parallels the spectra for DNA-damaging activity in
activity and fine weather. Among 22 samples exceeding/arious system$!?!® The value of ID obtained by mea-
20 ID, 16 occurred on this day in Tokyo. The remaining 5suring the survival of UV-sensitive spores is a direct
were from Miyazaki on three days for 4 individuals, andindex of exposure to biologically effective UV, integrating
one was from Naha on Sunday. In all these cases, mothe effectiveness of the entire range of UV wavelengths.
than 3 h of outdoor activity was reported, except for oneFurthermore, this is one of the most sensitive dosimeters
case showing 32.8 ID despite only 90 min of recordedto changes of the irradiance spectrum at the shortest
outdoor activity. region of wavelengths, such as those that might be
In the autumn, the exposure was uniformly low; only increased following ozone depletion.
17 data exceeded 10 ID, and all were less than 20 ID. Since the majority of samples received small doses as
Among the former, four occurred in Naha on Saturdayjudged from the end point of spore inactivation, it was
and Sunday, four in Miyazaki on Friday and Saturday, anchecessary to employ an auxiliary dosimeter that gave
two in Tokyo on Sunday. results positively correlated with the biological effective-
Statistics of weekly exposure Seven daily data were ness. In this regard, the UV-coloring label was useful; it
summed for each individual to obtain weekly statistics.is highly sensitive, changing coloration with small
Since only those data with 7 valid data points were use@mounts of exposure. Also, it has a long shelf-life without
for the statistics, the numbers of available sets weresignificant background coloratior<Z AE assayed more
reduced (total 560 person-weeks). The weekly exposuréhan one year after sample preparation). The values of
statistics are shown in Fig. 6. color difference AE) could be correlated with the values
In the winter, the mean value in Miyazaki (17.4 ID) of ID by applying simple power functions. One disadvan-
was the highest, followed by Naha (7.0 ID), Tokyo (4.9 tage of the label was that it exhibited abnormal coloration
ID), Tsukuba (4.8 ID) and the lowest in Sapporo (3.3 ID).when wetted. In suspicious cases, careful comparisons
High average exposure in Miyazaki was mainly due to thewith the data obtained from the spore dosimetry were nec-
sum of the exposure on three days; two weekdays wheessary to determine if the coloration was entirely due to
outdoor sport took place, and one Sunday. Three uppesolar exposure.
outlier data in Sapporo are for children involved in skiing. The use of filter sheets was necessary to reduce irradi-
In the spring, the highest mean was in Tokyo (24.3 ID),ance to measurable ranges for the spore dosimeter and the
followed by Tsukuba (23.0 ID), Miyazaki (17.4 ID), Sap- UV-coloring label. The filter also functions to protect
poro (15.9 ID), and Naha (15.2 ID). High values in Tokyo samples from direct environmental and artificial assaults.
and Tsukuba were caused mostly by one weekday aAlthough the three types of filters made of blue polyethyl-
described above, i.e., 79% and 66% were accounted fagne worked as expected, possible complications due to the
by exposure on a single day in Tokyo and Tsukubaemployment of filters should be borne in mind. Though
respectively. In the summer, the mean exposure was higtall three types were made of the same dye and solvent,
est in Tokyo (25.5 ID), followed by Miyazaki (24.9 ID), the correlation factors between the values of ID Akd
Sapporo (13.1 ID), Naha (12.3 ID), and Tsukuba (10.6were distinctly different: a given value &&E corre-
ID). As in spring, the high value in Tokyo was mostly sponded to a smaller value of ID when the thicker filter
(84%) due to exposure on one weekday. In contrast, theheet was used. This implies that the transmission at the
major daily exposures in Miyazaki were distributed onlonger UV or visible wavelengths contributed signifi-
three days from July 13 to 16 (Sunday). There were Zantly to the coloration. At this point, we think BPS07 is
individuals exhibiting more than 50 ID in Miyazaki, the most suitable for the monitoring of daily exposure in
maximum weekly exposure being 91.0 ID. Japan.
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We could group the extent of the daily individual expo- and one day in Tsukuba, in which the cases are concen-
sures into three levels, low<Z0 ID), moderate trated, correspond to days of outdoor school activities,
(20<ID<40), and high*40 ID). At the height of solar ele- while the others in Miyazaki and Naha correspond to indi-
vation under a clear sky in Tokyo, rates of global irradi- vidual outdoor activities.
ance are about 0.35 ID/min. Thus, a one-hour exposure In discussing the results of weekly exposure, it is help-
could produce about 20 ID. In the present 4,711 sampledul to look at the ratios of the average exposure to the glo-
cases of moderate exposure amounted to 50 (1.1% dfal irradiance as shown in Fig. 7. Total global irradiance
total), and those of high exposure to 11 (0.25% of total)was low in Sapporo in all seasons. However, the exposure
All of these cases occurred in spring and summer, angvas relatively constant, the ratios of the exposure and the
none of them occurred in Sapporo. Two days in Tokyoirradiance being between 16.5% (winter) and 9.8% (sum-
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Fig. 6. Weekly exposure expressed as the total values of ID for a week. Each box is drawn with the upper and lower quhsile from
mean (marked), and the bars represdnb of the interquartile distance. The circles are outliers.
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ation in proportion to the amount of the outdoor

irradiance. Their main sources of exposure are outdoor
school activities, either scheduled events or sports-club
activities. When these outdoor exertions took place in
good weather during months of high irradiance, the
majority of children in the class were exposed to signifi-

cant amounts of UV. Individual exposures occurred spo-
radically for those children involved in intensive sports

training.

It is interesting that most of the schoolchildren in the
two southern cities seem to behave in an apparently ratio-
nal manner, avoiding excessive exposure from spring to
autumn, while attaining reasonable exposure in winter.
Perhaps these children are encouraged to undertake out-
door activities in winter, and discouraged in other seasons,
except in the evenings. It is likely that school curricula

Fig. 7. Weekly global irradiance (dotted columns) and averageand schedules are arranged to favor such behavior. We are
exposure (black columns). The name of the city and the seasolifot certain whether this is a traditional way of living in
(Wi, Sp, Su, and Au stand for winter, spring, summer, andinege |ocalities or a recent practice resulting from environ-

autumn, respectively) are followed by the ratio of the averag

e
exposure to the total global irradiance expressed as a percenta

ental awareness, but it is possible that both of these fac-
ors play some role. It is clear that the major determinant
of solar-UV exposure of schoolchildren is their life-style,
including both social activities and individual behaviors,

mer). In Tsukuba and Tokyo, the ratios exceeded 10% iand their exposures are nqt qL!antitative_Iy correlated to the
three weeks in spring and summer, and the ratios in othéttdoor UV irradiance, which is geologically and meteo-
seasons were about 5%. In Miyazaki and Naha, the ratig@lcgically determined.

were less than 5% except in winter, when it was 9.3% in

Miyazaki. The week with the lowest ratio was 1.8% in ACKNOWLEDGMENTS

summer in Naha. It is interesting to note that, in these two
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