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Erythemal dose in Qena, Upper Egypt based on solar UV-B
measurements from UVB-1 pyranometer and its deviation

from EP/TOMS satellite

S. M. EI Shazly, A.A. Hassan, Kh. O. Kassem, Emad A. A and E. F. El nobi*

Atmospheric Physics Group, Department of Physics, Faculty of Seience South Valley University, Qena, Egypt

Abstract Biologically active solar Ultraviolet irradiation is monitored in Qena, Upper Egypr (260 16\ N, 320 75\ E, 96
m asl) using a UVB-1 pymanometer for the period of 2001-2005. Cloud free condition records of erythemal UV were
analyzed to study daily, monthly and seasonally variations. Results shows noontime onehour average CIE (Comnission
International d'Eclairge} weighted dose rate can reach up to 285 mW mi 2 (UUV index =11 at solar zenith angle, SZA= 10°
- 12°). Comparisons of ground-based measurement with TOMS satellite derived data have been examined. The
examination revealed an overestimation of UV indices by TOMS, within the period of measurenient, on average by 23+11

%.

Introduction

The energetic solar UV irradiation is
moenitored with different ground and satellite based
instruments. In addition, different extensive model
calculations are used to amalyze the UV irradiance
especially the UVB in the wavelength range of 280 to
315 nm (Blumthaler et al,, 1994; Kylling er al., 2000,
WMO, 2003).

The cffectiveness of UV  of different
wavelengths  in producing erythema has  Dbeen
determined repeatedly in a number of studies over the
Wavelengths necessary o produce a  minimaily
petceptible tedness 8 or 24 hr after irradiation. The past
70 years (Diffey, 1982). The rechnique is to determine
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the MED doses of UV at a scries of reciprocal of the
MED is plotred against wavelength and the curve
normalized to unity ar the most effective wavelength.
The MED at a given wavelength in a group of fair
skinned subjects are distributed lognormally. Studies in
254 normal subjects in the North East of England gave
the median MED at 300 nm to be 34 mf/cim’ wich
95% confidence interval of 1484 mj/cra’ (Diffey and
Farr, 1989).

Although the action spectra detennined by
various workers have shown differences, parriculatly in
the spectral region 250:300 nm, there iz good agreement
that ar wavelengths greater than 300 nm  the
cffectiveness drops very rapidly, falling to efficiency at
320 nm of abour 1% of that ar 300 nm. Parrish er al.,
1982 and Gange er al, 1986 have extended
determination of the erythema action specrrom up to
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400 nm and have shown that the erythemal effectiveness
of UV decreases with increasing wavelength through the
UV spectrum, although the rate of change of
effectiveness is much less from 330 to 400 nm, than

from 300 to 330 nm. .

Although it can be seen from figure (1) that
UV-A irradiation is much less erythmogenic than UV.B
irradiation broadly speaking by a factor of 1000, the
much higher UV-A irradiance (6.5 %) present in
sunlight means that in summertime UV-A irradiation
contributes about 15-20% to the sunburn reaction. It is
important to say here that of the global UV irradiation
at the ground 94 % is UV-A and 6 % is UV.B. However,
17 % of the erythemal UV irradiance is UV-A and 83 %
is UV.B,

* The UVB irradiation leads to serious adverse
effects such as: sunburn, skin ageing, cataracts in
humans, reduction in yield and unnecessary growth in
certain terrestrial as well as aquatic plants (Grant and
Heisler, 2000). Therefore it is important to monitor and
follow up carefully the short and long term variations of
surface UV dose rate at any place. However,
observarional data on surface is lacking in the
developing countries in the lower latitude where UV
dose is expected to be higher and is significant for its
adverse effects.

The spectral irradiance at the surface of the
earth depends on different factors such as: irradiation
from the sun, optical properties of the atmosphere,
position of the sun given by the solar zenith angle (5ZA),
mean sun earth distance and the reflecting property of
the sutface (Madronich 1993; Dahlback, 1996; Kylling
et ak, 1998; Kerr, 2003). Among the optical properties
of the atmosphere, cloud and aercsols are the
complicated factors affecting UV, which are still not
very well understood (llyas, 1987; Thiel et al, 1997;
Grant and Heisler, 2000; Kylling et al., 2000; Kerr,
2003).

Twe important parameters must be taken in
account when monitoring UV irradiation and
considering its effect on the human skin, namely UV
index (erythemal UV index) and UV dose. The UV
Index is a parameter introduced by the scientist that can
be used as an indicator of the UV exposurtes. It is related
to the known erythemal effects of solar UV irradiation
on human skin and has been defined as an estimation
of the UV levels thar are important for the effects on the
human skin, where ! unit equals 25 mW/m’. It is
usually given for local solar noon, when the sun is
highest in the sky, and it is valid for clear sky conditions
{i.e. effects of cloud shielding part of the UV irradiation
are not taken into account). The UV Index can range
from O (when it is night time) to 15 or 16 (in the tropics
at high elevations under clear skies). As shown in Table

(1.

UV Index definition has later been
standardized and published as a joint recommendation
by the World Health Organization (WHQ), the World
Meteorological Organization (WMO), the United
Nations Environment Program (UNEP) and the
International Commission on Non-lonizing Irradiation
(ICNIRP). The UV Index is recommended as a way to
raise the public awareness about the potential
derrimental effects on health from solar UV exposure
and to alerr people of the need to adopt protective
measures. Even for very sensitive fairskinned people,
the tisk of short-term and longterm UV damage below a
UVl of wvalue 2 is limited, and under notmal
circumstances no protective measures are needed. If sun
protection is required, this should include all protective
means, ie. clothing and sunglasses, shade and
sunscreen. The Environmental Protection Agency (EPA)
has devised peneral guidelines to UV index, as shown in

Table (2).

The UV index is an artificial quantity derived
from the erythemal irradiance, which is an integration
of the UV irradiance at the ground weighted by the
Commission International de 'Eclairage (CLE). The CIE
action spectrum is a mode] for the susceptibility of the
Caucasian skin to sunburn (erythema) as proposed by
McKinlay and Diffey (1987) and adopted as a standard
by CIE.

The "Minimal Etrythemal Dose” MED is used
to describe the erythemal potential of UV dose
irradiation. MED is defined as the effective UV dose
that causes a perceptible reddening of previously
unexposed human skin. CIE erythemal action spectrum
is recommended for use in assessing the skin damaging
effect UV  irmadiation. Howevet, Decause human
individuals are not equally sensitive to UV irradiation
due to different selfprotection abilities of their skin
(pigmentation), 1 MED varies among the population
within the range of between 200 and 500 J/m’ as shown
in Table (3)

The main aim of this paper is to present the
EUV irradiation in Qena, Upper Egypt,_see figure (2},
and to find out its deviation from satellite dara. .This
deviation is useful when the observational data on
surface is lacking,

Instrument and methods
Ground-based EUV measuring instrument

Hourly values measurements of UV.B at the
hotizontal sutface was carried out by UVB-1
Pyranometer “No. 960842, Yankee Environmental
Systems Inc. (YES) was used to ieasure the total
irradiance from 280 to 320 nm”. The instrument was
installed on the roof of south vally meteorological
station, of South Valley University in (Qena, see figure
(3). Ir was manufactured by the hourly values of UV.B
were recotded by Combilog Data logger (No, 1020, TH.
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Friedrichs & CQO. “Germany”). These values were used
to calculate the EUV through the period of this study
(2001-2005), as below.

For example, Suppose you take one UVB-1
instrument voltage reading (V) every k minutes and a
total of N readings during the day. If the instrument has
a calibration coefficient of C, The totai daily MED dose,
as defined by the Diffey erythemal action spectrum. [s
given by the following

1 N
MED dose = — 3 C*0.0716 * 60k * Vi

201 =1
Where ...

The factor C*0.0716 convert the measured
voltage to erythemal (Diffey) W/m2

The factor 60*k converts the W/ml to
erythemal [/m2

The factor 201 convert the erythemal J/m2
dose to MED unit {Parrish et al,1982), where the
standard definition of the MED unit is 201 J/m2

2.2. Satellite EUV data

The erythemal noontime irradiance data was
measured by the Total Ozone Mapping Spectrometer
(TOMS) installed on board of NASA’s Earth Probe
satellite. The Total Ozone Mapping Spectrometer
(TOMS), installed on board of NASA’s Earth Probe
Satellite, measures the Total Ozone Column by an
indirect way through the mapping of the Ulrraviolet
light emitted by the Sun and scattered by the Earth’s
armosphere back towards the satellite (London, 1985).
Data were obtained through TOMS/NASA webpage
(hrtp://twocky.gsfc.nasa.gov).

Earth  Probe Total Ozone Mapping
Spectrometer (EP/TOMS) was launched July 2, 1996
and the first full day of data file generation began on
July 25, 1996. The Earth Probe inscrument has provided
continuous data from that time until present, with the
exception of a few days in Dec 1997 during which the
sarellite orbit was boosted froin 500km to 750km, and a
period in lare 1998 when the instrument was in Safe

hold (Seeftp://toms.gsfc.nasa.gov/pub/eptoms/earthpr

obe_data coverage.txt/).

Earth Probe EP/TOMS was launched into a
500 km sun synchronous orbit on July 2, 1996. The
tirst EP/TOMS Earth scan data were raken during orbit
216 on July 16, 1996. Normal science operations began
during otbit 339 on July 24, 1996. Orbits prior to 7903
(December 4, 1997) were at the initial 500 ki altitude.
Orbits after 8037 (December 13, 1997) were at 740 ki
altitude afrer an orbir boosting maneuver This interface

is designed for visualization and analysis of the Earth

Probe TOMS Daily Global 1.0°x1.25° Products.

The erythemal noontime irradiance dara in
mW/n’ from EP/TOMS have Dbeen used for the
analysis of the dama recorded from UVB-1 pyranometer.
Also the data are collected from this site

toms.gsfc.nasa.gov/pub/eptoms/data/erythema
) is divided by a conversion factor of 25 and rounded to
the nearest whole numbert. This result in a number thar
usually ranges from 0 {where there is no sun light) to the
mid teens. This value is the UV index.

Example: If EUV at noon =319.6 mW/m’ then UV1
=3196/25=12.78 UVl="13

Results and discussions
Ground EUV climatology

Noontime average EUV irradiation in {Jena
for the period from 2001- 2005 during clear days,
showed a decrease in EUV [evel in January followed by
an increase from March reaching the maximum value in
summet months followed by decrease again to
December, see Figure (4)., Maximum noontiine EUV
irradiation measured during the study period was 285
mW,/n® (UV index 11) at solar zenith angle 10°12°, on
25 July 2001 and 11, 30 June 2005. Noontime UV

indices double from December to March.

Comparison between ground-based and satellite
Observations

The linear fit of one-hour average noontime
UV indices obtained from UVB-1 pyranometer and
TOMS noontime indices showed that TOMS values
were higher than measured UV indices ar ground
(Figure 5). The average percentage difference is
{23+119%) as shown in {(Figure 6).

Deviation between satellite and ground-based
measurements can be explained by the facr that there
are differences in spatial resclution between the two
methods. The field of view of TOMS measurement is
abour 100 km (Arola et al,, 2004), while the ground
based instrument has a smaller field of view. Temporal
differences can also occur because of difference in
timing as TOMS data are from the time of direct
overpass of the location, while ground-based
measurements are one-hour averages values around
satellite overpass time. Averaging ground-based
measurements will reduce effects of rapid changing
cdoud cover. Effects of clouds are not fully taken into
account in the UV index retrieval from the satellite

(B.K. Bhattarai et al, 2007).

In addition Arola et al. (2004} has found that
the factor between TOMS UV and ground-based
measurement in Thessaloniki, Greece could reach as
high as 4 in dusty environment. Also B.K. Bhartarai et
al, (2007) show that frequent dusty events in the
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atmosphere could also be another cause of higher
TOMS UV levels than ground based measurement in
Kathmandu. High aerosol content
ground-based measurements and is not taken fully into
account in the TOMS algorithm for UV index (Krotkov
et al., 1998; Arola et al., 2005). This might be the reason
for a systematic difference between the data. Finally
differences in instrument calibrarion might be another
facror for this discrepancy.

influences the

3.3, Variability of UV Index (UUVI)

Figures (7) summarize the mean monthly
variation of Ground UV index and EP/TOMS UV
index. In general, Monthly mean incteases from
January crossing February, May, showing maximum
values at June, July and August then fall down to
December . From ground dara, we can conclude the
following:

The maximum mean value of UVI {11} was found at
spring and sumnmer months (May, June, July and
August). According to the EPA general guidelines, as
iltustrate in table (1), this value is very high and
advise 1o wuse protective clothing, sun glasses and
avoid being in the sun.
The minimum mean value was found at autumn and
winter months (November, December and January).
This value mange from 4 to 5 and it is corresponding
the low and moderate categories according to the
EPA dassification, see table {1).
From satellite EP/TOMS dara, we can conclude the
following:
The maximum mean value of UVI (12) was found at
spring and sumner months {(May, June, July and
Aupust), According to the EPA general guidelines, as
illustrate in table (1), this value is very high and
advise to use protective clothing, sun glasses and
avoid being in the sun.
The minimum mean value was found 5 at Decemnber,
it is corresponding the moderate categories according
to the EPA classification, see table (1).

Conclusion
The study leads to the following important conclusions:

1. For most of the days, the UV index at local noon
exceeds 4
2. Through all the period, it is clear thar the
maximum values of UV indices are recorded at
summet months while the minimum ones are
recoded winter months
3. The maximum value of UV index, at local noon,
was 11 while the minimum one was 4
4. Comparison of groundbased UV with TOMS
satellite derived data reveals an overestimation on
average by 23211 %.
5. According to the EPA general guidelines and the
obrained results, it is very important to
use protective clothing, sun glasses and avoid being in
the sun, particularly at noon time in summer months.
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Table 1: Exposure category of UV index.

,_:3..' Sun Protection Recommendations

T L

® I you bum easily, Cover Up and USe SURSCreen.

ss ERERORIRREE Y
® Stay in shade near midday when the sun s strongest.

® Protection against sunburm i needed.
6-7 |* Reduce time in the sun between 11am and 4pm.
® Cover up, wesw a hal and sunglasses, and use sunscreen.

® Take exira precaufons. Unprolected skin wl be damaged
B-10 |« Try 1o swosd the sun betwesn 11am and 4pm. Otherwise,
shade, Cower up, wear 3 hal and Sunglisses, and use
FUNESCIEEN.

|*5eck shade, cover up, wear a hat and sunglasses_ and|
LISE SUNSCMEEn.
I+ * Avoid the sun between 11am and 4pm
Take all 3 i i
=Ta \ medﬂunﬁfmmm
other bright reflect L and will increase U
EXPOSUME.
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Table 3: The values of MEDs for different skin types.

Skintype | Tan

Bum |Hair colour | Eye colour |  MED

| NEVEr

IRRADIANCE (mWatt {1 / nim)
5
3
™

1 LOE2

Figure (2):

Map of Egypt, location of studied area

ERYTHMAL ACTION SPECTRUM




Figure (3): UVB-1 Ultraviolet Pyranometer
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Figure (4): Clear sky ground EUV irradiation at noon (mW/m?) and UV index in Qena Upper

Egypt through the period (2001-2005)
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Figure (5): Scatter plot of ground UV index and EP/TOMS UV index in (Qena Upper
Egypt through the period (2001-2005). The solid line represents the lingar fit and the
dashed line is ideal regression of unit slope.
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Figure (6): Daily percentage difference of ground UV index and EP/TOMS UV index in Qena Upper Egypt
through the period (2001-2005). The solid line represents the linear trend line.
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Figure (7): Monthly variation of ground UV index and EP/TOMS UV index in Qena Upper Egypt

through the period (2001-2005).
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UV Index

Figure (7): Monthly variation of ground UV index and EP/TOMS UV index in Qena Upper Egypt
through the period (2001-2005).



