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Abstract:

Objective  To investigate the intensity and time distribution of ocular exposure to ultraviolet spectral irradiance in different
geographic directions based on a manikin head model.

Methods  An on-site monitoring program was conducted in Sanya, China using a spectrometer with high ultraviolet sensitivity
installed to a manikin head model to simultaneously measure simulated ocular exposure to ambient ultraviolet spectral irradiance
beginning due south and recording data per 6° rotation clockwise.

Results  For east and west geographic directions, the maximum ocular exposure to ultraviolet A (UVA) irradiance occurred
at 9:00 and 16:15 (up to 50° solar zenith angle), being 2 324.88 and 2 442.68 pW/cm? respectively; the maximum ocular exposure
to ultraviolet B (UVB) irradiance occurred at 9:45 and 15:50 (up to 40° solar zenith angle), being 93.83 and 92.54 pW/cm?,
respectively. For south and north geographic directions, the maximum ocular exposure to UVA and UVB irradiance both occurred
at 12:00 (up to 7° solar zenith angle), namely 1056.09 and 61.45 uW/cm?, respectively. The maximum ocular exposure to ultraviolet
irradiance occurred at east to north 12° and west to north 12°. The maximum ratios of hourly exposure over daily cumulated exposure
to ultraviolet occurred at 9:00-10:00, 19.67% for the east direction, and 15:00-16:00, 17.11% for the west; for the south and north,
the maximum ratios both occurred at 12:00-13:00, which were 12.68% and 12.98%, respectively.
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Conclusion  Time-depended high-level exposure to ultraviolet spectral irradiance are identified for different geographic directions.
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Table 1 Fitted equations and coefficients of ocular exposure to UVA and UVB irradiance at different solar zenith angles
Wavelength Fitted equation R? SZAs Geographic direction and solar zenith angle
UVA $2-0.1457x + 2,506 8v+934.49 0.9568 SZA 2_5 ~83 Easto Except morning  solar ze(:uth ingle 25°-83 SZA'5 ~83_
UVB $=-0,008 2+20.0658x+56.229 0.9605 South Solar zenith angle 5°-83 SZA 25°~83° West Except afternoon solar zenith
' ' ' ’ angle 25°-83° SZA 5°~83°  North Solar zenith angle 5°-83°
UVA $=-2.0359x+197.02x-2 520 0.9397 SZA 25°~83° East Morning solar zenith angle 25°-83° SZA 25°~83°  West
uvB $=-0.077 7x*+6.753 6x-60.575 0.8864 Afternoon solar zenith angle 25°-83°




206 - http://jeom.scdc.sh.cn:8081 J Environ Occup Med 2017 34 3
2.3 10:00CST  16:00CST
5 UVA UVB
dt (North )
TG fib60° ? Jedii 4:30°
West to north 60° North to east 30°
PG fRE30° et ZR60°
West to north 30° " North to east 60°
12:00 CST
VG (West ) % (FEast)
4t (North)
VifiIe60° ALt 4:30° Snuﬁﬁ%&ﬁsﬁ) 60° Eas}ﬁﬁ?z?}? 30°
West to north 60° North to east 30°
PfREE30° i 60° s R0 ik
West to north 30° /J? North to east 60° outh to west ast to sout
Y 74 (South )
—+-8:00 —=-830 2902 —-9:30 -—%-10:02 —10:30
——11:00 —11:30 —12:00 ——12:25 —-=—13:02 ——13:30
0§ (West) R (East) 1400 @ 1435 —+ 1500 —+ 1531 = 16:00 — 16:30
——17:00 —=—17:30 —+—18:00 ——18:30
MPE60°  \: A IwR30°
South to west 60° East to south 30° At ( North)
TofhiLeoe db i 4<30°
PG 30° ! %A 60° West to north 60° North to east 30°
South to west 30° = East to south 60° O
4 (South) Pifdt30° 25 . :““ dtMhiA60°
o A SN o
e 800 + 830 4+ 9:02 930 1002 — 10:30 West tonorth 30° 72, et North to east 60
——11:00 — 11:30 —12:00 ——12:25 —=—13:02 ——13:30 et
——14:00 ——14:35 —+—15:00 —+—15:31 —=—16:00 —— 16:30 A
——17:00 —=—17:30 —=—18:00 ——18:30 79 (West) (East)
) i it
60° AR 300
Pifhidte0° At 4<30° o o
West to north 60° North o east 30° South to west 60 East to south 30
R PE30°

e ZR60°

W North to east 60°

PifdL30°
West to north 30°

R PE60°

South to west 60°

R PE30°

AN
South to west 30°

ERITIG

T
& East to south 60°

—+-8:00 =830 —+-9:02 —=-9:30 —-10:02 —10:30
—=—11:00 —11:30 —12:00 ——12:25 —=—13:02 ——13:30
——14:00 —%—14:35 —+—15:00 —+—15:31 —=—16:00 —— 16:30
——17:00 —=—17:30 —+—18:00 ——18:30

11:00 11:00—14:00 14:00
0.5h
Note Blue before 11:00 red 11:00-14:00 green after 14:00. Data
are recorded with a half-hour interval.
5 UVA A UVB B
Figure 5 Ambient UVA A and UVB B
geographic directions

irradiance at different

0.5h
UVA UVB
UVA UVB
12°

South to west 30° East to south 60°

T (South)

—-8:00 =830 -—+-9:02 930 -—»-10:02 —10:30
—11:00 —11:30 —12:00 ——12:25 —=—13:02 —13:30
—14:00 5 14:35 ——15:00 —+—15:31 —=—16:00 —16:30
—~—17:00 —=—17:30 ——18:00 ——18:30

11:00 11:00—14:00 14:00

05h

Note Blue before 11:00 red 11:00-14:00 green after 14:00. Data
are recorded with a half-hour interval.

6 UVA A UVB B

Figure 6 Distribution of ocular exposure to UVA A and UVB B
irradiance at different geographic directions

2.4
2 9:00—10:00
19.67% 9:00—10:00
15:00—16:00 17.11% 15:00—16:00
12:00—13:00
12.68% 12.98% 12:00—13:00



22°

http://jeom.scdc.sh.cn:8081 J Environ Occup Med 2017 34 3 - 207 -
2 1h %
Table 2 Percentage of 1-hour over all-day cumulated irradiance at
different geographic directions 360
Period East South West North
8:00—9:02 18.94 7.19 4.86 8.07
9:02—10:02 19.67 9.08 6.04 9.94
10:02—11:00 13.52 10.31 7.29 11.29 8:00—9:00 17:00—
11:00—12:00 8.95 12.34 8.34 12.92
12:00—13:02 8.81 12.68 8.38 12.98 18:00 1h
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