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Abstract

Vitamin D3 deficiency is regarded as a public health issue in Iraq, particularly
during the winter. Sun exposure is the main source of vitamin D3, where the surface
ultraviolet (UV) radiation plays an important role in human health. The amount of
time that must be spent in the sun each day was determined for the amount of exposed
skin, for all skin types, with and without sunscreen under clear sky conditions in the
city of Baghdad (Long 44.375, Lat 33.375). UV index data was obtained by TEMIS
satellite during the year 2021. From data analysis, we found that most days during the
year were within the high level of ultraviolet radiation values in the city of Baghdad,
and most of them were during the summer, where the person needed less time of
exposure to sunlight to obtain vitamin D3 in the case of exposing the face and hands
or the whole body. As a result, it can be concluded that the amount of UV radiation is
affected by several factors: depending on latitude, day of the year, time of day and the
season, body area exposed to the radiation, and use of sun protection factor. These
factors influence the time of sun exposure required to initiate cutaneous vitamin D3
synthesis.

Keywords: Vitamin D3, Sun exposure, UV index, Ultraviolet (UV), Sun protection
factor, Skin type.
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1.Introduction

Solar Ultraviolet (UV Radiation) is part of the electromagnetic spectrum with wavelengths
shorter than 400nm [1]. It is divided into three regions: UVA 400-315nm, UVB 315-280nm,
UVC 280-100nm [2]. UV radiation is approximately 9.3% of the total solar radiation at the top
of the atmosphere. The total amount of UV reaching the Earth’s surface is approximately 6-7%
and less than 1% in the UVB band, while UVC is completely absorbed by ozone and oxygen
in the upper atmosphere. [3]. The large variability of UV radiation is controlled by a
combination of several factors: Earth-sun distance, solar zenith angle, absorption and scattering
due to atmospheric molecules (mainly ozone), absorption, scattering and reflection by aerosols,
and clouds [4] .The Ultra Violet Index (UVI), which ranges from 0 to 20, is a fundamental
indicator of the risk of exposure to solar radiation. It is calculated by multiplying solar
erythemal irradiance (Erythemal is the amount of energy received by a horizontal plane within
a time interval dimension is Jm-2) by 40 (Wm-2), which takes into account the spectrum of
erythematic action as a function of solar UV irradiance[5]. For average photosensitivity, the
UVI distribution is classified into five categories: low (0-2), moderate (3-5), high (6-7),
extremely high (8-10), and extreme (>11). Each class is represented by a different color: low
(green), moderate (yellow), high (orange), very high (red), and extreme (red) (violet); see table
2[6]. According to a survey, prolonged exposure to UV radiation can harm the environment, as
well as cause erythema, premature aging and skin harm, dangerous skin sensitivities, eye issues,
and sunburn[7]. UV radiation, on the other side, promotes the body's generation of vitamin D
and raises calcium and phosphorus levels, which is beneficial to bone health [8]. The sunshine
vitamin, vitamin D, is essential for keeping healthy bones and regulating calcium and
phosphorus absorption [9]. The main sources of vitamin D3 are casual sun exposure and, to a
lesser extent, food consumption [10]. Sunlight's UVB photons (290 - 315nm) permeate the
epidermis of human skin when exposed to sunlight. The 7-dehydrocholesterol in the plasma
membrane subsequently absorbs them[11]. In addition to the factors that affect the ultraviolet
rays that affect the production of vitamin D, the production of vitamin D3 is influenced by skin
melanin content, use of sun protection, age, and clothing covering the body [12]. Many
researchers have taken up the topic of examining changes in UVI and its impact on the
production of vitamin D3. A study was conducted to detect the best time for short exposure to
sunlight at high latitudes appears to be midday. There was a fine line between adequate UV
exposure and the cutaneous synthesis of vitamin D3 [13]. The results showed that reduced solar
intensity, cold and temperatures in temperate to high latitudes inhibit skin exposure during mid-
winter. These factors led to reduced exposure to solar radiation, which significantly impaired
vitamin D3 synthesis in this population [14]. The study determined the best period for sun
exposure and whether the incidence of vitamin D3 deficiency among Saudi children and
adolescents in the Kingdom of Saudi Arabia was related to the level of sun exposure. The results
revealed that the generation of vitamin D3 was significantly influenced by the geographical
location, time of the day, sun exposure, and physical activity, that could be quite efficient at
preventing vitamin D3 deficiency [15] [16]. The sun exposure time was calculated for each day
of the year, taking into account 10% of the exposure to the sun and the V type (dark skin) of
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skin for 10 Indian stations and applying the minimum doses of erythema and the Holick rule.
The results showed a change in the time of sun exposure depending on latitude and seasonal
variation. The seasonality was high, and about 75% of the days were suitable for exposure to
sunlight in the studied stations [17]. The objective of the present work is to estimate the sun
exposure duration required for cutaneous synthesis of vitamin D3 in the city of Baghdad
employing TEMIS UVI daily data.

2. Methodology
2.1 Data Acquisition and Study Area

Throughout this study, we used data from Tropospheric, Emission, Monitoring, Internet,
Service (TEMIS) of European Space Agency platforms, UVI was computed in the city of
Baghdad, it was located in the central part of Iraq between Latitude 33.375°; longitude 44.375°.

2.2 Calculation Approaches

The optimal time for sun exposure is required to receive adequate UV for vitamin D3
production while avoiding erythema. In this section, we generate methods for determining time
by using UVI. The time taken (TvitD3 in min) can be determined by using eq.1 and eq. 2:

. MED.SPF
Tvit = 8 * DULRA e (1)
UVI =40+« UVETY e, (2

UVI is the UV Index, and Minimum Erythema Dose (MED) is a factor that accounts for
variations in skin color. According to the Fitzpatrick skin classification, it is represented as the
number of Standard Erythemal Dose (SED) needed to cause erythema (see Table 1.) and Sun
Protection Factor (SPF) for any sunscreen used (1,50,80) and Ultraviolet erythemal (UVery)
[18].The amount of exposed skin represented as a percentage of the total body area (A) was
taken into consideration while calculating the exposure time necessary to produce sufficient
vitamin D (TvitD3):

* Full body is equal to 100% (A = 1).

+ Face, hands, arms and legs are equal to 63% (A = 0.63).

* Face, hands and arms are equal to 27% (A =0.27).

+ Face and hands are equal to 10% from the body area (A = 0.10).

* R =2 (the maximum value for R is (SZA, total ozone), where SZA is Solar Zenith Angle [19]

While Fitzpatrick Skin Types (FST) is now used by dermatologists to evaluate sun
sensitivity [20], it was originally developed in 1975 to determine the safe initial dose of UVA.
The Fitzpatrick scale depends on the sensitivity to sunburn and ability to tan[21]. The skin of
white individuals was categorized into Types I-VI, ranging from pale skin that always burns
and never tans, to white to light brown skin that usually does not burn and tans easily and deeply
(Table 1). Since that time, the classification has expanded to include darker skin types (V-VI.)
(Table 1) [22]

Table 1: Skin phototype classification according to Fitzpatrick scales [22].
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Properties

Minimum dose for erythema

(SED)
white skin, extremely sensitive (always burns) 2-3
white skin, overly sensitive (burns easily) 2.5-2.3
light brown skin, moderately sensitive (may burn) 3-5
light brown skin (burns rarely) 4.5-6
brown skin, variable sensitivity (rarely burns) 6-10
black skin (rarely burns) 10-20

3. Results

Figure 1. Displays the yearly variation of the daily UVI values at noon for central Iraq,
Baghdad, from 1 January to 31 December 2021

14

13
12
11

o

- N W & 0ONO®O®

30 60 20 120 150 180 210 240 270 300 330 360
Days

Figure 1: UV index at local noon in the city of Baghdad for the year 2021.

The UVI at solar noon is shown to have a different maximum in the city of Baghdad curve
in the summer, while UVI levels are at their lowest in the winter. Important statistical analysis
was used in this work to look into the discrepancies in the outcomes. There were discoveries in
the area for which the variations in the data are shown in Table 2.

Table 2: Number of UV index days in the city of Baghdad during the year 2021[6].

(W AV | Number of davys

o 2 17
3 5 118
6_ 7 43

Table 2. Tabulated values of the UVI for each season of the year, where the high levels
appear in summer days whereas the lowest levels are shown in winter season, which suggests
that during winter season, UV exposures will be relatively low. The UVI at solar noon data was
used to determine the annual cumulative dosages for each phototype to produce vitamin D3 for
the different types of skin. It is important to note that these results indicate the cumulative dose
from a continuous exposure to the sun in this position during all the year. The values of the time
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required to produce vitamin D3 decrease the time required for exposure during the summer
season. These exposure situations are depicted in Figures (2-4) shown below.

The resulting times are shown in Figure 2. when there is sufficient UV to keep effective
vitamin D3 levels, for different skin types, without using a sun protection factor for full body
area exposures. The other three figures represent the estimated exposure times required to keep
vitamin D3 levels in various areas of the exposed body for UV radiation. For full-body
exposures, there is a large window between sufficient and excessive UV exposure time. As the
fraction of the body exposed decreases, so does the window of optimum UV exposure times.
There is typically only a tiny window between receiving adequate UV for vitamin D3
generation and too much UV for skin harmful if only hands and face are exposed. It becomes
increasingly difficult to synthesis adequate vitamin D3 without causing skin damage as the UVI
increases over 5. Winter season can make it difficult to expose large sections of skin, making it
difficult to get enough UV radiation for the best vitamin D3 synthesis. When exposures to the
hands and face are limited, there is a comparatively small limit of error between getting enough
UV for vitamin D production and not getting too much for sunburn.
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Figure 2 : Sun exposure times (in minutes) for synthesis of vitamin D as indicator of
sun protection factor 1, date, time, and skin type.

In Figure 3, when using sun protection factor 50, the time required to start producing vitamin
D3 increases for the same sun exposure conditions. Especially during the winter, when solar
UV is low and insufficient for vitamin D3 synthesis. This makes it difficult to start producing
vitamin D3 for the different areas of skin exposed to the sun, specifically when exposure is
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limited to the hands, face, and skin type VI. Where this sun protection factor is appropriate
when the area of skin exposed to the sun is large and the types of skin are (I-1V), so that vitamin
D is produced without exposure to burn when the UV radiation is higher than 5 in the summer.
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Figure 3: Sun exposure times (in minutes) for synthesis of vitamin D as indicator
of sun protection factor 50, date, time, and skin type.

Figure 4 shows applying a higher sun protection factor than before. The time required for
exposure to ultraviolet radiation to benefit from it to start the synthesis of vitamin D3 in the
skin during all seasons of the year, is long. As well as, putting sun protection factor 80, as
individuals of all skin types, especially those with dark skin, need a time that reaches more than
3 days of continuous exposure to sunlight.
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Figure 4: Sun exposure times (in minutes) for synthesis of vitamin D as indicator of sun
protection factor 80, date, time, and skin type.

As a result, after 20 minutes of full-body exposure without the use of sunscreen, the body
should have produced enough vitamin D3. The exposure time needed for brown skinned people
would be more, but the quantity of vitamin D3 created cannot be zero. Indeed, there is the issue
of whether people would be able to expose a large enough portion of their bodies for religious,
cultural or environmental reasons at low temperatures in winter. They probably would not. Even
with modest exposures, vitamin D3 production would still be present.

4. Conclusion

According to the curve of UVI, the highest value of UVI is during June and July 13, and the
lowest value is 2 during December. Whereas, according to the results shown in Figure 1 and
discussed in Table 2, the number of days with a UVI severity of high to very high is very large
(230) days including (78) extreme days, as it is possible to compensate for a vitamin D
deficiency on these days in a shorter time than on the rest of the days. During the time of
exposure, vitamin D3 generation from UVI shows that the afternoon time window, when UV
values are at their peak, controls the creation of vitamin D from sunshine. A few minutes in the
sun on the hands and face can produce enough vitamin D when the sun is directly overhead,
such as at midday in the summer. A good tactic would be to expose more of the body area in a
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shorter amount of time, when the sun is inclined in the sky. Adequate vitamin D3 is produced
for light-skinned individuals more quickly than for dark-skinned individuals under the same
conditions of sun exposure. People who wear concealing clothes for religious, cultural or
environmental reasons need more time to be exposed to sunlight to take advantage of the UV
radiation to produce vitamin D3, where the exposed areas are the face and hands. The time
required to produce a vitamin is affected by several factors, including the use of sun protection,
as well as the area exposed to UV radiation, in addition to UV intensity. Whereas the time
required to benefit from UV radiation to produce vitamin D3 decreases as the area exposed and
intensity of UV radiation increases, so does the use of SPF.
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