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Research on Solar Ultraviolet Radiation at Typical

Anatomical Sites with Rotating Manikins

Preface

Solar ultraviolet (UV) radiation is an important environmental factor that affects
human health. Moderate UV radiation triggers vitamin D synthesis in the skin,
contributes to protection against breast cancer, prostrate cancer and non Hodgkin's
lymphoma et al. However, excessive solar UV radiation has various direct and indirect
effects on human health, which may lead to skin cancer, cataract, immune suppression,
photoaging, and other ailments. Based on data from 2006, the World Health
Organization reported that globally around 1.5 million Disability Adjusted Life Years
(0.1% of the total global burden of diseases) are lost every year due to excessive UV
exposure. Skin cancer and cataract are among the primary public health problems and
are consequently of special concern.

The diumal variation of solar UV radiation on a horizontal surface is well
understood, but little attention has been paid to the study of this variation at anatomical
sites of interest. The understanding of diurnal variations of UV radiation at anatomical
sites may be more helpful in developing ways to protect humans from the harmful
effects of UV radiation. Due to the depletion of ozone, the increasing life expectancy
and the changing modem life style, it is likely that our lifetime exposure to UV
radiation is greater than that of previous generations which may further increase
UV-related disease burden. These situations put forward higher requirements for the
quantification and protection of the individual UV exposure. Therefore, to characterize
the diurnal variations, the UV exposure values are measured at 15min intervals using

Solar-UV Sensors and a rotating manikin in Shenyang (41°51'N, 123°27'E) and Sanya



(18°19'N, 109°42'E), P R. China for each seasons. The diurnal variations in solar UV
radiation at the shoulder, the forehead, and the chest were analyzed. An improved
understanding of solar UV exposure variation will be helpful in deriving
recommendations for how to avoid excessive exposure to certain parts of the body.

Public health authorities have made extensive efforts to educate the public about
the risks of excessive solar UV exposure over the past several decades. Recognition of
the regional, seasonal and individual messages, a more targeted policy for solar-UV
health communications needs to be developed. In order to explore a simple and
effective protective measures, the orientable manikin is programmed manually to scan
12 positions with horizontal orientation and 30° steps of azimuth angle (0, 360°] which
started form the position of oriented towards the sun at each time. By clarify the
specific role of the orientation to the UV exposure of anatomic sites, it will enhance the
public awareness of protection for the shadow, change the public's behavior of
neglecting to avoid excessive exposure in outdoor activities of the past, and advocate
the public to avoid direct sunlight as well as correct use of sun protection measures
actively. These can effectively prevent UV damage.

This study also suggested that quantifying individual UV exposure by the
exposure ratio of different seasons, different times during the day, its assessment may
be more focused and more detailed, especially for the special groups of outdoor
activities in the morning and evening hours. Furthermore, by quantifying the exposure
doses at different anatomical sites, including the eyes, the dose-effect relationship

between UV exposure dose and disease profile can be better understood.
Materials and Methods

1. Rotating manikin

The rotating manikin consists of two parts. The upper part is the manikin and the
lower part is a powered stage. The UV dose was measured using a set of Solar-UV
Sensors attached to anatomical sites of interest on the manikin, included the forehead,

the right eye, the left cheek, the shoulders, and the chest.The lower part supports and
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automatically rotates the manikin at a uniform rate. When the power is turned on, the
rotational speed of the manikin was one rotation every six seconds for this study. When

the power is turned off, the manikin could rotated manually.
2. UV exposure measurement

The dose measurement data in Shenyang, Liaoning (41°51'N, 123°27'E, mean
altitude of 50m) was collected during one week around the equinoxes and solstices and
the data in Sanya, Hainan (18°19'N, 109°42'E, mean altitude of 3.55-4.5m) was
collected in mid and late May as well as around the winter solstice. The data was
recorded at 15 min intervals. All of the measurements were acquired on sunny days
with clear skies or minimal cloud cover. Two UV sensors was also placed horizontal or
vertical in an exposed, unobstructed area near the rotating manikin. These two sensors
were activated over the same experimental period in order to measure the ambient solar
UV dose (the horizontal one) and the UV exposure on the vertical plane (the vertical
one) in the locality of the manikin as control measurement. The cumulative solar UV at
typical anatomical sites were measured for 112 days in total, and the measurement of
UV exposure at different orientations was conducted for 12 days in total. In addition, to
compare the fitting calculation results to the measurements data, the UV exposure to
the manikin in Shaoxing, Zhejiang (30°1'N, 120°58' mean altitude of 5-6m) was
measured during about one week around the autumnal equinox in 2009, and the field
monitoring was conducted as that above-mentioned methods in Shenyang and Sanya

regions.
3. Data analysis

The unscrambling, recording, checking and analysis of all data were executed by

the software of Microsoft Excel 2003 and SPSS13.0.

Results

1. The diurnal variations in solar UV radiation at the forehead and the shoulder

were similar to those associated with a horizontal control measurement, which reached



a single UV peak exposure dose during the measurement made at around solar noon.

2. The diumnal variations at the eye and the cheek exhibited bimodal distributions,
with two peaks or platform distributions in all the seasons in Shenyang and Sanya
except in winter in Shenyang, which were much similar to those associated with the
vertical plane. In winter in Shenyang, the diurnal variations at the eye and the cheek
were both unimodal distributions as the horizontal plane.

3. The diurnal variations in solar UV radiation at the chest were similar to those
associated with a horizontal measurement except in May in Sanya. In May in Sanya,
the diurnal variations at the chest exhibited bimodal distributions, with two peaks
significantly.

4. In the whole solar elevation angle range, the increase in UV exposure at the
forehead and the shoulder were following the rise of the angles. The UV exposure
peaks at the eye, the cheek and the chest were measured at solar elevation angle about
30°, 40° and 60°, respectively.

5. The solar UV exposure at the forehead, shoulder and on the horizontal plane
was strongest in the 4h midday period. During this period, they all received more than
54.79% of the total 8h UV exposure. While the solar UV exposure at the eye and the
cheek were relatively high during the period of in the early morning and late afternoon.

6. The five anatomical sites can be ordered by increasing daily UV exposure on
the selected measurement days as follows: eye, cheek, chest, forehead, and shoulder.
However, the dose at the forehead was slightly higher than at the shoulder in winter in
Shenyang. when the sorting criterion was changed to the ratio between the UV
exposure of a particular anatomical site, the order for these sites remained unchanged.

7. The seasons can be ordered by increasing UV exposure ratios in Shenyang, it
was as follows: winer>spring and fall>summer. In Sanya, it was winter (in Jannary)
>summer (in May) . There was a significant seasonal difference in the exposure ratios,
the maximum was in winter and the minimum was in summer. The assessment of

individual UV exposure should adopt in different exposure ratios of seasons.



8. In the front of the sun towards a certain orentation of view, the eye reach the
peak in the sun elevation angle of about 30° during the day. While in the back towards
a certain orentation of the sun, the UV exposure of the eye rise with the solar elevation
angle increased in the whole range of solar elevation angle.

9. The orientation impact the UV exposure of different anatomical parts significantly.
For the eyes, the orientation of straied from the sun about 30° will effectively reduce

UV exposure.

Conclusions

1. The diurnal variations in solar UV radiation at the forehead and the shoulder
were similar to those associated with a horizontal control measurement, which were
exhibited unimodal distributions; the diurnal variations at the chest exhibited unimodal
distribution in all the seasons except in summer in Sanya that it was bimodal
distributions; while The diurnal variations at the eye and the cheek were much similar
to those associated with the vertical plane, which exhibited bimodal distributions, with
two peaks in all the seasons except in winter in Shenyang that it was unimodal
distribution.

2. The UV exposure doses at the forehead and shoulder sites increased with
increasing solar elevation angle. The UV exposure peaks at the chest was measured at
solar elevation angle about 60°. The UV exposure peaks at the eye, the cheek were
measured at solar elevation angle about 30° and 40°, respectively.

3. The daily exposure ratios were different between the seasons. While the daily
UV exposure ratios in the summer were the lowest, the daily ratios in the winter were
the highest across the various anatomical sites. It’s reasonable that quantifying
individual UV exposure by the exposure ratio of different seasons.

4. The orientation impact the UV exposure of different anatomical parts
significantly. For the eyes, the orientation of straied from the sun about 30° will
effectively reduce UV exposure.

5. Geographical location, seasonal and other factors determine the scope of the



local solar elevation angle, and then influence seasonal diurnal distribution of the UV
exposure at various anatomical sites of the individual. Bsed on the actual situation,

corresponding more targeted solar ultraviolet health guidelines needs to be developed.

Key Words

ultraviolet radiation; exposure; monitors; orientation; solar elevation angle
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PIANJE AR R 0 & AR A B R T LU TR M, Wl 1 BIR; TREH£
KEBRRE, REEEFAERERE . AETREENEAZI RS
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9:30 13248 3736 11163 5589 13664 39.09 147.59 1770  130.19 27.60  82.50 4561
10:00  140.80 4121 12063 6091 14541 4260 15427 2041 13536 32.83  83.87 52.68
10:30 15006 4439 13220 6542 15510 4537 16130 22.52 14148 3755 8521 59.77
11:00 16024 4675 14739 69.04 16562 47.24  168.62 2397 14867 4163 8653 66.86
11:30 17115 48.15 166.68 7124 17670 48.09 17613 2471 15699 4489 8790 73.97
1200 18242 4847 18831 7149 18790 47.86 18370 2472 16636 47.13 8951 81.09
12:30 19360 47.70 20842 69.71 19879 46.56 19120 24.00 17645 4820 9443 88.21
13:00 20424 4589 22459 6637 20898 4428 19853 2257 18675 48.00 26935 84.66
1330 21405 43.17 23691 6203 21828 41.18 20557 2047  196.67 46.55 27143 77.55
14:00 22293 3970 24643 57.11 226.65 3740 21226 1778 20573 4397 27288 70.43
1430  230.88 3562 25408 51.85 234.17 33.08 21858 1455 21370 4044 27422 63.33
1500 23803 31.08 260.50 4640 24095 2836 22452 1086 220.54 36.14 27555 56.24
1530 24451 2619 266.12 40.85 247.13 2333 230.10 680 22635 3125 27690 49.16
16:00 25045 21.04 27122 3526 25285 18.08 23536 249 23126 2589 27830 42.11
16:30 25599 1570 27600 29.69 25823 12.69 24035 - 23543 20.19  279.77 35.09
1700 26126 1026 280.59 24.17 26338 721 24277 - 23898 1422 28134 28.09
1730 26634 479 28511 1873 26841 183 24513 - 24202 807 28301 2115
1800 27136 - 289.63 1341 27341 - 24746 - 24465 191 284.83 14.26

¥E: "SAA: solar azimuth angle, ABIJ7{Ifl: *SEA: solar elevation angle, ARIRi/ES .
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2, WK KEREARFI BRI R T H B A4

P 1) Bt HEI A4 (%)

(CST) E78: S =1 HiEs RE  BE HE B
08:00-09:00 6.48 11.80 10.39 1516 1570 869 1111
09:00-10:00 13.65 15.55 13.16 1302 1570 1273 1345
10:00-11:00 16.55 14.32 15.24 10.93 966 1576  14.91
11:00-12:00 17.75 11.93 15.24 12.03 975 1657 1491
12:00-13:00 18.26 13.94 16.63 o84 1311 1758 1637
13:00-14:00 15.19 15.16 14.32 1302 1639 1495 1433
14:00-15:00 8.53 1.7 10.85 1505 1475 990  10.82
15:00-16:00 3.58 5.59 4.16 1075 4.92 3.84 4.09

Bit 100.00  100.00 10000  100.00 100.00  100.00  100.00
10:00-14:00 67.75 55.35 6143 4593 4892 6485  60.53

R3, hRMXAERRAAFRRBELILRBEAREE S

i ) HIEIE 2 (%)

(CST) ¥ ®EHE BEOWE  EE HE B 8
08:00-09:00 5.15 3.28 4.79 0.00 236 4.33 5.00
09:00-10:00 12.50 1148 1233 1316 1329 1264 1250
10:00-11:00 16.91 19.67 1849 1842 1905 1841 1833
11:00-12:00 20.59 2295 26 2368 2171 2238 2250
12:00-13:00 20.59 2295 2055 2895 2038 2094  20.83
13:00-14:00 15.44 1475 1575 1316 1551 1516  15.00
14:00-15:00 8.09 4.92 5.48 2.63 7.68 5.78 5.83
15:00-16:00 0.74 0.00 0.00 0.00 0.00 0.36 0.00

Bit 10000  100.00 100.00 10000  100.00  100.00  100.00
10:00-14:00 73.53 80.33 774 8421  76.66 769  76.67
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&4, WK EFREARFNBEIERE P B F 3

i [B] HIE 54 (%)

(CST) iy REM WE R B M A
08:00-09:00 8.56 5.11 838 1046 943 755 8.53
09:00-10:00 14.09 11.93 13.06 1332 1415 1327 13.18
10:00-11:00 17.95 14.20 1559 1332 1321 16.50 14.99
11:00-12:00 19.80 13.64 1676 1201 1321 1845 16.80
12:00-13:00 17.79 14.20 1598 1071 1293 16.94 1576
13:00-14:00 12.92 1591 1404 1473 1638 1381 14.47
14:00-15:00 5.70 14.20 1072 16.07 1379 928 10.85
15:00-16:00 3.19 10.80 546 937 690 421 5.43

gt 10000 10000 10000 100.00  100.00 100.00  100.00
10:00-14:00 68.46 57.95 6238  50.78 5573 65.70 62.02

x5, WX F AR A AR B s L %5 H sl 55

i (R) HEASE (%)

(CST) 28} FHE B AR &8 I JH B R
07:00-08:00 5.86 1591 8.39 17.05 14.93 6.35 9.61
08:00-09:00 8.88 13.64 11.05 10.23 12.44 9.36 11.83
09:00-10:00 12.24 10.61 12.52 11.36 11.61 12.04 13.31
10:00-11:00 14.48 9.85 13.55 1136 12.44 13.77 13.12
11:00-12:00 15.78 1136 14.29 12.50 13.27 15.11 12.75
12:00-13:00 15.86 12.12 14.29 13.64 13.27 15.33 13.12
13:00-14:00 14.05 12.12 12.67 13.64 12.44 13.66 12.57
14:00-15:00 11.12 12.88 11.78 13.64 11.75 11.87 12.38
15:00-16:00 7.59 17.42 9.87 13.64 12.77 8.86 10.91
16:00-17:00 3.53 15.15 7.07 17.05 11.92 5.52 7.95

Bit” 109.40**  131.06** 115.46** 134.09** 123.82** 111.87** 117.56**
10:00-14:00 60.17 45.45 54.79 51.14 5143 57.86 51.57
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E: TR T 100%2 R0 EAA H BRSBTS &L 8:00-16:00CST Wi, At

SE K MLt B R 38 1 Ly 8:00-16:00CST 2K H REYESE R TR BB RBLLE,

%6, ZWMREAFRRARFRBEIEREFANE L

It (8] HE E A (%)

(CST) ¥ EHE HiE FIK & B OH®B W
08:00-09:00 227 2.87 3.12 3.55 296 273 3.33
09:00-10:00 6.15 11.00 8.62 12.77 1034 751 9.03
10:00-11:00 12.46 15.79 13.21 14.89 1478 1271 13.54
11:00-12:00 16.83 1531 15.60 14.18 1478 1638 1544
12:00-13:00 19.09 13.88 1651 12.06 1379 1766 1591
13:00-14:00 18.45 13.40 16.88 13.48 1478 1792 1639
14:00-15:00 15.21 14.83 15.05 13.48 1527 1485  14.96
15:00-16:00 9.55 12.92 11.01 15.60 1330 1024 1140

it 100.00  100.00 10000  100.00  100.00 100.00 100.00
10:00-14:00 66.83 58.37 62.20 54.61 58.13  64.68  61.28

#£7, ZUHMKEERRATFRNBRENERFEARE I

it 8] HEEZH (%)

(CST) 78} #HE HiE AR &8 %L JH 8 R
07:00-08:00 1.34 6.82 327 7.43 6.07 2.09 437
08:00-09:00 3.95 13.64 6.79 13.86 12.15 5.09 9,52
09:00-10:00 7.39 12.50 8.85 12.87 12.15 7.61 11.51
10:00-11:00 13.85 13.07 13.21 12.38 12.62 1266 . 1627
11:00-12:00 16.46 12.50 14.55 12.87 13.08 15.37 13.10
12:00-13:00 17.21 12.50 16.73 12.38 12.62 18.96 9.52
13:00-14:00 16.29 1136 15.15 12.38 12.15 16.59 9.92
14:00-15:00 14.44 11.36 13.45 11.88 12.15 13.39 15.67
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15:00-16:00 10.41 13.07 11.27 11.39 13.08 10.33 14.48

16:00-17:00 5.04 10.23 8.61 15.35 14.02 6.64 11.71
Bit™ 10638"  117.05" 111.88" 12279 12009 10873  116.07"
10:00-14:00 63.81 49.43 59.64 50.00 50.47 63.58 48.81

H: TR T 100%£ KN A B RS SME B S L 8:00-16:00CST Ui, At
S I B B A R 3% 1 L5 8:00-16:00CST 2K H BHSME R ZE S HAR KA R,

0 FRE A OCRINE R BRI B R IFF TG I 4 NM/MEE. B8 AR
SMETETEF AR 3 4 AN/MEF (10:00-14:00CST) I BB RXFIL K 8 /Bt
(8:00-16:00 CST) ] 60.17% (B FE—K) & 73.53% (X E—K) . BT =W ESHF
IEFHIR 4 D BB R RISIET 50%LUh GXR thT IF 4 i B S5 5 sk 303k
P RFERE) , HORFPHH. BRAMSEEKTERLU, EFIHE 4 Mt
HRZRRBEFIER 8 NI 50%LL L.

BRTHHEMXAE, BBS5EBEEFIHE 4 MHHERREH 84.21%F
76.66%5t, WRHM=EFHBX ZNMZHRBEFBEETFHE 4 M BREE
BNFRBEMBAM =AW (RTEZ TR OESE, KBETHE) , &
B Z WA FHIE 58.13%. RBHEILRENRERBEIARIBY, #
AEFEEFHE AR LZRD), R FABEE. B =% L5 9:00-10:00
CST MIF4 14:00:00-15:00 CST iXFMPETH REVENMRR B S FF R/ 1R
5 AR B A R RZEE 2, BR3P 8:00-16:00 CST 2 AMI B AN /MH(7:00-8:00CST
5 16:00-17:00CST) MRFE (34.09%) EZHTEFH /T (11:00-13:00CST)
FIRE (26.14%) . BESRAMAL, RIZBBEEHBRIGHBEIYS. =T
K& ANMER AR SM R R R PR E 2 Bl B AR K X R 50 A X 48
I8

N REILE

RELENFERFIBENERBRNRESKPRERLFBIEE. B
TETELMOBRETILR, LA RBBREILRE (8:00-16:00CST) +E 8 H
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THERRILRELE, L% 8. FRAMHNBLHRELEYNESRE, &
FEA. RTAZEREOGHEHLEBETHBLUN, KRESH0EMEH
R BRI AR RS, REBRIE, HRBICH DR, TRERMEES,

%8, RFRHSBEABMRHELE

H R BB (%)
SR
HiEm (3 ki JH M EH@E
2005-09-14,3LR1  73.89 1541 249 8191 5836 20.61

2006-12-14,7£ B 97.79 29.32 42.26 94.78 86.49 44.41
2007-03-17,7k B 76.89 16.8 26.26 83.34 64.93 29.53
2007-06-14, 7L B 58.53 9.90 16.17 71.33 46.64 11.38
2009-01-11,= ¥ 88.19 22.82 32.85 94.82 68.12 33.82

2009-05-17,= . 69.27 16.96 17.97 86.57 4232 14.78

mE 8 Fiz, AAMXAFHRFELRRRA, £FWh, RRMHHMGA
FERIMSBRBUEAUMA=Z TR OEZARK, LABARH, & KFE
P, B4R 35 bR AP R A T B T P

FIMESHEENEN, IHSTHEUMESRGENA R UHETF=T)
RBEAVE. MAKMSPREE, NELH, EIRAISVHRELE
HATAMERALRET, MARAENETRERBUERAE, KL
DAGRAEREFEPHIRE, KFRLERF, HASHRRBEHBOH %S
SRFURSH, BERMTHTMEENEBBCROE SN, FE—wYS
WM RBRLERRRMBTERIFER TR L EEES—SHITiE,

RTHRBESNEREULE, ARHREHEEH T RARMHELE L B
BRNMREANENRBELE, LK 14,
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® 9, RHHXKENE A AR IR B R %R

B 1) Rk EEE(%)

(CST) i .35 Biap JH W wHE
07:30-08:00 180.00 58.22 70.49 155.15 140.00 50.78
08:00-08:30 142.86 55.45 75.53 131.60 128.57 44.10
08:30-09:00 104.17 24.68 51.40 96.97 83.33 33.66
09:00-09:30 74.36 15.19 31.63 78.32 58.97 26.73
09:30-10:00 68.29 14.45 25.79 74.50 56.10 20.40
10:00-10:30 70.21 12.60 18.75 78.40 55.32 18.93
10:30-11:00 66.00 7.90 10.57 71.58 50.00 16.81
11:00-11:30 63.27 10.07 14.39 78.17 48.98 14.25
11:30-12:00 63.64 10.77 13.05 74.93 49.09 13.50
12:00-12:30 66.67 9.14 17.72 78.12 51.85 15.47
12:30-13:00 67.92 745 18.05 79.59 52.83 16.00
13:00-13:30 66.67 12.34 24.91 78.79 54.17 19.81
13:30-14:00 73.17 14.45 20.17 82.78 56.10 2147
14:00-14:30 84.85 17.64 36.24 85.22 66.67 26.76
14:30-15:00 111.76 45.66 56.28 114.08 88.24 31.25
15:00-15:30 109.09 52.93 43.49 105.79 81.82 35.28
15:30-16:00 60.00 38.81 23.92 67.88 50.00 28.74
£ 10, MK LZREARFBHRALAR B RE R

1) RIELE%)

(CST) wim AR %6 U JHE M EHE
08:00-08:30 91.09 0.00 0.00 69.80 98.02 0.00
08:30-09:00 91.09 0.00 27.17 83.76 78.42 39.60
09:00-09:30 91.09 26.24 44.57 87.25 85.77 37.13
09:30-10:00 101.21 34.98 45.28 103.41 87.13 44.00

39



10:00-10:30 107.65 28.62 46.31 105.76 89.11 54.01
10:30-11:00 106.27 34.98 48.82 100.83 98.02 49.50
11:00-11:30 112.11 32.29 47.02 107.39 98.02 53.31
11:30-12:00 103.23 34.98 42.45 99.27 91.49 46.20
12:00-12:30 104.10 44.98 41.84 99.72 91.02 49.50
12:30-13:00 91.09 3748 41.84 93.07 84.02 49.50
13:00-13:30 98.68 26.24 40.33 . 93.07 81.68 49.50
13:30-14:00 101.21 23.32 45.28 93.07 87.13 33.00
14:00-14:30 78.08 14.99 43.66 73.13 56.01 28.29
14:30-15:00 45.54 0.00 33.96 58.17 73.51 24.75
15:00-15:30 0.00 0.00 0.00 46.53 0.00 0.00
® 11, WX ESRERRFEH AR B RE LR

i (6] RELE %)

(CST) i AR B B JH &8 mE EHED
07:30-08:00 75.59 14.65 11.36 70.07 53.85 15.38
08:00-08:30 76.57 22.67 28.13 74.00 66.67 14.29
08:30-09:00 74.44 19.04 29.53 73.23 63.33 20.00
09:00-09:30 71.46 19.04 25.84 71.70 62.50 22.50
09:30-10:00 71.06 12.98 26.85 79.16 59.09 21.27
10:00-10:30 68.31 13.07 20.27 71.75 54.90 23.53
10:30-11:00 65.40 11.90 18.46 75.59 53.57 23.21
11:00-11:30 65.10 11.30 17.52 77.20 54.24 20.34
11:30-12:00 65.10 9.09 17.52 78.11 55.93 20.34
12:00-12:30 67.00 9.58 16.87 78.46 55.36 23.21
12:30-13:00 71.46 10.73 21.59 80.38 60.00 24.00
13:00-13:30 75.74 16.03 26.40 83.87 65.22 28.26
13:30-14:00 95.09 23.19 43.53 96.80 83.87 48.39
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14:00-14:30 138.46 36.87 60.72  131.28  115.00 65.00
14:30-15:00 153.14 62.25 6747 14162 13571 85.71
15:00-15:30 133.99 46.92 6747  117.89  120.00 110.00
15:30-16:00 129.03 52.14 4498 10122 100.00 88.89
® 12, WX EEZRRARFBISEEARNRNRE L E

it I8 REHE%)

(CST) B iR %8 BB JHE mE  RE@
06:30-07:00 95.24 43.50 51.85 90.48 90.48 38.10
07:00-07:30 86.67 34.80 46.67 81.67 80.00 3333
07:30-08:00 81.58 24.04 36.84 85.53 73.68 28.95
08:00-08:30 80.00 14.50 27.65 80.00 68.89 2222
08:30-09:00 67.24 9.00 18.77 82.76 56.90 13.79
09:00-09:30 61.19 9.74 16.25 76.12 53.73 10.45
09:30-10:00 58.67 8.70 14.52 76.00 48.00 9.33
10:00-10:30 56.25 8.16 15.56 74.38 43.75 7.50
10:30-11:00 53.41 741 12.37 72.73 40.91 7.95
11:00-11:30 53.26 8.51 13.53 73.91 38.04 8.70
11:30-12:00 52.75 7.17 13.67 74.18 37.36 7.69
12:00-12:30 51.61 8.42 13.38 74.19 37.63 8.60
12:30-13:00 53.85 8.60 13.67 75.27 39.56 8.79
13:00-13:30 52.38 9.32 12.96 73.81 39.29 9.52
13:30-14:00 53.16 9.91 15.75 76.58 44.30 10.13
14:00-14:30 60.00 11.19 17.78 80.71 50.00 1143
14:30-15:00 64.41 13.27 16.24 84.75 54.24 15.25
15:00-15:30 73.47 15.98 19.56 88.78 63.27 24.49
15:30-16:00 79.49 20.08 36.86 9231 71.79 2821
16:00-16:30 103.85 40.15 4300  109.62 92.31 4231
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16:30-17:00 140.00 60.90 7453 14000  126.67 60.00
17:00-17:30 136.36 71.18 5808 13182 12727 54.55
£ 13, ZWHXELZRRARFBLIRA RN BRI RELE

:pgt] BHEHLE%)

(CST) i R &5 IR JHEB f &8 FeH
08:00-08:30 125.00 25.00 2500 12500  100.00 25.00
08:30-09:00 120.00 40.00 50.00 11000  100.00 50.00
09:00-09:30 131.25 56.25 5625  121.88  106.25 68.75
09:30-10:00 118.18 40.91 5455 11136 95.45 54.55
10:00-10:30 100.00 3235 44.12 98.53 79.41 47.06
10:30-11:00 88.37 23.26 34.88 95.35 69.77 39.53
11:00-11:30 81.63 20.41 30.61 91.84 63.27 32.65
11:30-12:00 81.82 18.18 27.27 92.73 61.82 29.09
12:00-12:30 75.41 14.75 24.59 86.89 55.74 26.23
12:30-13:00 77.19 14.04 22.81 88.60 57.89 22.81
13:00-13:30 79.31 17.24 24.14 93.10 58.62 24.14
13:30-14:00 82.14 16.07 28.57 91.07 62.50 25.00
14:00-14:30 82.35 17.65 31.37 93.14 64.71 2941
14:30-15:00 93.02 23.26 34.88 91.86 69.77 37.21
15:00-15:30 97.06 35.29 44.12 10147 79.41 4.12
15:30-16:00 108.00 40.00 4800  102.00 84.00 48.00
16:00-16:30 117.65 47.06 5294  105.88 94.12 47.06
16:30-17:00 120.00 50.00 50.00  115.00 90.00 40.00
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R 14, ZWHRKEFRE AR HHO AR B R F LR

B (6] Rk tbR (%)

(CST) Lk AR &5 WU HE fa 1 HH
07:00-07:30 175.00 100.00 75.00 125.00 125.00 75.00
07:30-08:00 166.67 91.67 83.33 137.50 141.67 75.00
08:00-08:30 138.89 72.22 61.11 125.00 116.67 61.11
08:30-09:00 106.90 51.72 51.72 103.45 93.10 44.83
09:00-09:30 87.50 35.00 32.50 90.00 67.50 25.00
09:30-10:00 79.17 25.00 27.08 88.54 64.58 25.00
10:00-10:30 68.35 15.19 17.72 80.38 53.16 15.19
10:30-11:00 63.95 15.12 15.12 7191 46.51 12.79
11:00-11:30 63.04 14.13 15.22 80.98 42.39 13.04
11:30-12:00 59.62 12.50 13.46 80.77 25.96 9.62
12:00-12:30 66.34 12.87 12.87 94.55 23.76 10.89
12:30-13:00 68.27 11.54 13.46 96.15 23.08 10.58
13:00-13:30 66.00 12.00 13.00 91.50 22.00 10.00
13:30-14:00 62.77 13.83 13.83 84.57 29.79 10.64
14:00-14:30 63.04 13.04 14.13 79.35 43.48 10.87
14:30-15:00 66.25 15.00 16.25 81.25 48.75 12.50
15:00-15:30 72.46 15.94 18.84 84.06 56.52 15.94
15:30-16:00 78.18 21.82 21.27 88.18 61.82 21.82
16:00-16:30 97.50 37.50 37.50 98.75 82.50 30.00
16:30-17:00 160.00 80.00 75.00 145.00 130.00 30.00
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A.Oppenrieder 1 P.Hoeppe %5 5K F§ =4 ASCARATIS % % 7F 4 [ Bavaria ] Hoher
Peissenberg X S i Tk 4E = M, $R4L T 274N AR RMGR 8224k B9 4L BT I
POREHIEH. &RKH, HRAGEHAFRAKPEAXUVEES BN, &EEKME
TABEIREIUVRE, 55 R LSZABIRM —RE—EMEHE, AEHEA KUV
2T e T KPS0 5.

REAFLEAXUVER KRR SRS R, SERENE—3,
ELTHAOUVEE R4 5K FEAR, AFBUVEHETINIMERER
M. AEEEREYTHEUVRRE ST FBRBRGZ BERE-BREX R
M T KES . EXLEHAP, ¥MUVERNEUEAEER. R, ELE
RTREFRERERLRAR, HARUVERKFHITERBHFAE R, Ak
ARBHNEUVREEA RSN R, WIRREERN, KIMY, B5. BE,
BREMELCN, W2 B L NEASS, XU RA B/ MR A
FIUVIES B, tesh, ATEREAFPARTR—EATHEREEIRE, 4
GCANEREENFFEBEMEL, SFANERZS. filn, #5. BE. R
HBHE, BRIBMNBRFAIETOES, HEFFRNER, MERRARLILE
KUVREEFIE XK. B, ZERBLRHRAP, HREMNEEHR/BAEAXUY
RENE KRR,
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= AEEBRFITMEWR TSR
1. ESLAZ AP B

MERAX UV RBEMBHESACEARERE, BELT. 6H. AT,
IR B, ME%E, HARSHELTER. REYNAANBERTER UV £
FEHERABEALHTRMAMENRENE. M GKimlin AP uv #I&it
TRIERFERA KT, W8, AF. THEARLBBUBTTHNE, £RR
RURBARIX NI UV RFE I MEE —F D6 A= ERLR SR,
SN REREN, BTHRMHENEENRER. AXHAEEL T HthE 2
AP, Sakamoto Y BV UV FIEIH LA KMER, GFERE. H. H
HWEENE 18 MBAHTHE, SRR, JiRP A LHPHH UV RE
B, BOUAMEUIRRHE, EREAMREHRK. G017 RIETR A8
KPR, W EM AR S R EANXIE, BIFHRMT SZA N &)
LB UV REAREEE.

2. AFEEANBERB

BRTHIMEBHAMBENRBNESS, ABFREAHTEBIHEUERE
KRBHEFELE,

Airey DK BPIBE T A, A, TIE, W% — RIS RHIN KR F
IR 20°0 30°, 40°F1 60°, LG T AFEHTEE UVB M %0E, HHk
HEAMUEESZRE LR RUNEESITTHE, RAZHEEH—H.
L.R Meldrum® W T RS F /MR L #80 H 6 R, A.V.Parisi /1 M.GKimlin
EAPIFH— PR E T LEMEEMABERBEEG UV RBELE BB
BRI UV EBRSHBSEZ L), BERBIEEHAET AR H LA
UV ESRHIEMi. SRR, BELET, BBARRIEIENREBELE
flHA 0-0.75, WETH 0.14-039. £FLET, WHAFBHEBENREL
FHE N 0.01-091, BT H 0.17-0.81, ALYt i R0 5 i 0 52 35 2 0 ZS B
=, ATARBESERNERTHRINEIAN UV BEELEH, LB
K J 30 ) 2 5% 1] LU R RE Rt
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B A EH KBRS RAS A KM GEE, BHbFERE RS
%\ WE HERE, MEX-BUAKNE BEN BIEA KRR AL AOUVEE
HATHAER, BIHTESEAI AR E M E SHAER LR, UkB
MEEERBBUMARLEDERESTHUVERME. RITRELR, TR
AR E BRI B KUVRERSCEEAD, ER AT B /MAUVE
BB RES IR ML UV R E SR B B, X3 F R & AT AUV
AT MR BTR AR R A LUK AUV B R e R R E L B,

M, MEEIMEESRELEN

PR THREAEIEN, BRBEITHMERIMEH BREITE, RELT/ME UV £
FRWRM. EURRENE, MUV RERERAME., kEsELmH
BIHATINE, MEWEERN. SRFHAEYE,. CR-39 MEITEE X-2000.
sunsaver S A[HE AN B IR RN EXRE, BAFE. MEX. AL, pES
HXK, HAEMZEE, ERNTA. BRTASZHTHEESABRETTME UV
BHMBI, b S0 ALE B R AU, R aplR)| g el gy i1 434700
FapUt O iR GRGEME) I RO SAOS1%, B T BRI, W
[BIHCHR ST E—R UV ZBEEIZKRERBEAN UV BHABOTE Fik.
WEEENHRRE RS BAMNBREFSMIR R, W0R AR T KD
UV SR, MATUBEURMETERE OB FAFE EMARBR UV B
HEs) .

—MARBHUVERRR AT U S SRBUVES K E 2 RS, HH
MERFER, UEFRABHNEYEMBERE, £XE, FFELE (44°N) A
B (34°N) MABFHH3I%D, XXBEERAR-NEENRE. B
HET405 MENEHEMBREERK (4%) , FOE (13-198) HERAFIL
E (3%) 8%, Wh2.6%P, ERAFE, BATHEMGRAR2-4%"Y, PHT
TEMRAN % 10-14%, EBKH, MEERTHNRAEHEMEBEAAR
2.5%%, BRI AN, HEFHTHEMRARI% 24%) O, TRHATA
310%, KEERTARRE2%: AEERTEOBAN31% (5EEHRL
ME—3) , ENREEZTIAUVESEMBRBRENG6.6%, 5H2 (1%)
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FMEM. £TH, AXLEHNI%S, SEXEILER—H. MITHERRRY
FHRERRKMER, XHRET MUVEROAR., XRHPL RN EEMNE
#.

HEXRE, UVVEHEMERERERAZEY (XFRD HBLEEH4-5%.
ERE, LHENEENZREERR, £FBRANT.75%, PR LR
UVEES BIRDMES (2.05%-3.77%) , KEARBETME, UBHRL %P,
MR HEEMERER, EREERNILE (4~65) H4.4% ) ; EBEK
FIEAZELE (1~12%) K4%, EDE (13~19%) KAR4.5%5, EHEH)L &
(9-10%) , TEMBELHIR6.1%H6.9%, HDE (14~15%) N5 HIR4%H
4.2% METHERRERABRPEERKNER, KRRE T MEUVEEN
AR, FRPFEHRRE-NEEMNEE. i, SEHEMEEE (LD M
b, BEMAMARBERRE, XRAFVHR—NEENHE.

LRAERMEFINEDINMERER, HEEXSEEAH. £XE,
BANEPSNER) R FERBRKL30% A EUVES . MEERILBILERE,
RN R27.6-33.2%" ., ZERAHTHESLABMR, JLEPINEZIN RS
RA32%-30% M EUVIES (20.9-34.6%) M, MEHAATHNBARERE
KBUHR, $27-36%°1. R, EXE, LERNEDSEPIMEHURBREUV
EHNS%. BEBHMMLLHES, UVEETER (A LROEHS),
EERSANLUERMERERER. BHUR, KEBIKPIMNESIERAH
MABUVRERKE, MEMUVRERBERKER ERRTFRIIMATRLG A
ShiEzh. XRAPINESR—ANEENHEE.

HAEEA, EABEBRNHERT (ThiedeZ M GodarZ VR LRI 7 &
REEATHENRAERBERMAL30%) , THTHEMBEARILENMEE
FBERARI% (2~4%) , FHTAAH0% (6.6-17.7%) 1, REHIAMH
KEI2-915. E#ATAIRICEN, BMEREERUKBMREUVES FBETT
HEURAMAUVRENE. AETHIM®, R/MIEAE (MED: NEERBN
200-2500/m?) BLEIFHELLRENIR (SED: 100)/m?) Fik.

LR, MEUV REZFZHERNEW, ERNRTREFECRE
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BSERMFURE, MAG UV BEAKTHREREHAMS, F8MEk UV BEMN
WHEH IR E L W, ARBRBERFR-ANEEREAM LA, BERIFEN
EEARAS, RELABRNELRRERBERFTLTN. BHETE UV E5 K
MMBZ DR, MERWTEELEE, MEAE UV BERIPELRE RS
B, B&K UV RENE 5 HICHM I FI & RNXREFRIRERD. Hif
BEEAME UV KRR BEFENERFR, XTIR UV B4 ERERITES,
HHREEBABEREE—2RYERAEHEAEEER Y

B, MEESMESRIBGTA

ARTDELRESEHNHFEEEETRRES, HAKEHLENAMHE
5h (UV) REHER. BSEEIMENODIT, ERLITRTINTERSUN, 44
KIEYIMEFRMBNIR], BEMDORIERFZSBHERERE, RERLESE
H. RIS FRILVER—BRAN BRESMENNT. $55 R LIRS (UV
index, UVD) fEREWANAXRELRFLM—FEREH FRYTZHA.
#EERXERUVHEA RS BEREG —TN A,

] bR bR i A I AR < 2 TR K BH 46 SR 2 46 4" (Global solar UVR index, UVI), &
it FSZAR, HFRDEARNERBEHRPFERLLE—HIE (200246) ,
RXRZR—RPUVERRAR, REAXKRH—BAKE. Kiait S EmE Rk
HRAFEK (Z40099K) KK PERFFUVESBENNE. BARREKHH
JEUVARSH SRR R B AL B AR 1 BUVIB SR (AL A BT R X)), R
JE B R LLO.04(RE B AL K AMR IR RO 2S B I K), BIBHUVI. HELEEAO
~ 15816 M FRr. B, PFHEBIRIISHHATIAENFEIEE
FHRAI00ZR FHK, WHERHUVIN. WMORWHORSERAUVER S M4
AUVES T RGGMERYE. UVIBE, ERRNRERGONRRER, BER
BEENRERERE. TN TERBRRERBORAFE, XEEE6A
oA EAMERTHBBEEREN R LR,

$t4h, USACHPPM (U.S. Army Center for Health Promotion and Preventive
Medicine) BR HHBREERER, RET —AMELBTES DARTB K5 &iT
BRENTE, BE—MARETFRESHIINEHHER BLARXKTIA Y 45°)
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I, RO EL N 4, HEERPi S MR L E ). USACHPPM fH 8 il in
MEMEFRETECHS &, RIKPPREREEN, G, IFHEmK
%, EZHE, DUHRAAREN TS, BRXSHF TAEASE KRS
LIECH 3 IFENPNERIREENE, BEEHEEEZ, MTFEME
WEEROBREE, HERTAMME, S BEERSHE AL
.

# WHO fiit, Vi ERETWD 1%, MEZHAR UV S50 2%,
BEZ UV B ARERMAEERAE™E, MTRIMEHONPREZR!
% B AR A A [ s B A 0 ) 2 AR L 47 S

EHE, EABRKEMEEREEESRERK, HEARAARERE
HETFAMASS 1999 ERRRY, ANBERBNERELR 0.46 %, 2H
FENEBEER 0.18 %, BIEEFHNEESE 500 £/5, B E RS EE 200
HM ERATREREN BB TS, RRETHRY, AfXh2EZY,
BB K s a7, XA AR AT LUBIE 5 AR SRR F MR 4
B BERMAR PSNER R ) R BBER MR, Bii, d4 25°~60°K 7]
REBZELHD 3~6%, HWRREEIETIHMT LS 4~71%), BE 13 ZA
ARFLEX—REEMT EEAFALBENGE Y, BEEIEDE
RE B AR AR AT
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