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ABSTRACT KEYWORDS
The aim of this paper is to perform a statistical descriptive analysis of Ultraviolet radiation;
ultraviolet radiation and theenergy for Erythemal skineffectsin the city of uvi,
Maracaibo during the period from June 2012 to July 2014. The data was Ultraviolet index;
recorded by the meteorological station Meteo Urbe - 1, located at the Ambient;
Universidad Dr. Rafael Belloso Chacin, Maracaibo, Venezuela. Theanalysis Maracaibo.

isperformed through the Ultraviolet Index (UVI) observed between 6:00 am.
and 6:00 pm. The UV valueswere located in ranges as high, very high and
extreme by the standards set by the World Health Organization (WHO).
The energy calculated was over the energy required to produce erythema
according to the type of skinfor the Minimal Erythemal Dose (MED). Rec-
ommendationsto be taken by citizensto minimize the effect of thisradiation
on humans, particularly in children and the elderly persons are made. Also,
it was detected an inter-annual increasein the UVI of the area.

© 2015 Trade Sciencelnc. - INDIA

INTRODUCTION

Ultraviolet radiation affects oneway or another to
al living beingsthat are exposed to the Sun’s rays and
a so frommany non-natural sourcesusedintheindus-
trial sector. Low dosesof UV radiation are beneficia
to human beingsand essentia for theproduction of vi-
tamin D. Thisradiationisasousedtotreat variousdis-
eases, such asanemia, eczemaand psoriasis. Treat-
ments must be carried out under medical supervision
and theapproval of their advantages over the dangers

of exposureto UV radiationisamatter of judgment of
the physician. Also UV-C (254 nm) radiation hasone
important action as agricultura bactericideand onthe
other hand, it could produce abeneficia effectintis-
suesinresponseto low dose or sub lethal according to
the concept of “Hormesis™%. Another exampleof the
beneficial useof the UV radiationisinthecontrol of
microorganismsinfood sinceitisusualy used for pas-
teurization. Onthe other hand, anon-thermal technol -
ogy hasbeen appliedin food processing to deactivate
sometypesof microorganismsusing theradiation UV-
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From the beginning of the 1970’s a pronounced
increasein theincidence of skin cancer infair-skinned
populationswas observed, closely related to the per-
sona habitsof exposureto the Sunanditsultraviol et
(UV) component, aswel| asthe socia perception that
tanningisdesirableand hedthy!®. Educationd programs
are urgently needed to learn more about the harmful
effectsof UV radiation andto drivechangesinlifestyles
that restraintheincrease of skincancer. UV radiationis
al so associ ated with the presence or increase of other
types of skin diseases, such asmelasma, actinic kera-
tosisand photosensitivediseases|ike systemic lupus
erythematosus, actinic prurigo, and endemic pemphi-
gus“. Life aswe know would not exist without the
ozonelayer inthe stratosphereto protect usfrom ex-
cessiveamountsof UV-B radiation. Livingthingsand
their cellsare protected from excessveamountsof UV
radiation by the chemical called ozone. Thelayer of
ozoneintheupper amosphereabsorbsUV radiation
and preventsmost of it from reachingthe Earth.

The Sun’s rays identified as ultraviolet (UV) rays
arenot visibleto thehuman eyeand are classified on
the basisof itswavelength, measured in nanometers
(nm), unit of length which correspondsto abillionth of
ameter. ‘Nano’ means one billionth. More short is the
wave, more penetratingistheenergy of the Sun’s rays.
The spectrum of non-ionizing radiation comprisesall
theradiation fieldsfromthe UV tothefiedld DC. The
optical portion of non-ionizing radiation can be subdi-
vided withintherangesof different waveengths: They

areclassfiedinto threetypes:

1. The UV — A: majority of these rays reach the
Earth’s surface and comprise less harmful solar radia-
tion. Thiswavel ength isbetween 320 nmand 400 nm.

2. TheUV —B: are largely absorbed by the 0zone
layer, however, the medium waverays (between 280
nm and 320 nm) reach Earth’s surface. UV-B causes
damageat molecular level to thefundamentd building
block of life— deoxyribonucleic acid (DNA).

3. TheUV —C: with wavelengths between 200 nm
and 280 nm are absorbed by the ozone layer before
reaching Earth’s surface. These are potentially danger-
ousfor humans.

Solar UV radiationismanifested intwo ways: di-
rect, whenitisnot altered or modified inits path to-
wardsthe Earth, and diffused, whenitismodified be-
forereachingEarth’s surface. Among others, the causes
of itschange may be dueto:

o TheUV | dependson the solar angle of Zenith
whichdependson the stage or season of year. It
can beclearly observedinFigure 1.

o Thetimeof thedaycan a so causevariation on
theUVI, ascan be seenon Figure 2.

o Wavelength of UV radiation.

o Thicknessof ozonelayer.

o The amount of UV raysthat the ozone layer
absorbs differsdepending on natura eventsor
thestage of year. Moreover, theozonelayer is
thinner than it used to bedueto ozonereducing
chemicasused inindustry and consumer prod-
ucts. These chemicals are being phased out,
but the ozonelayer isnot predicted to heal to
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Figure2: Indexof ultraviolet radiation on atypical day, thischart correspondsto M ar acaibo, Venezuela, 22-09-2012 (24 hrs).

pre-1980 levelsuntil mid-to late- century!®,
. Cover by theabsorption, scattering and reflec-

tion of clouds.
° Thedtitudeabovesealevd.
J Gasdispersion and absorption ontheair, in-

cluding gaseouspollution.
. Thereflective propertiesof theEarth’s surface.

THEULTRAVIOLET INDEX

To better handlethe concept of ultraviolet radiation
theUV index (UVI) hasbeen defined; it describesthe
leve of intensity of solar radiationto whichthe Earth’s
surfaceisexposed. Also servesasanindicator of the
potential harm that can occur intheskinindirect rela
tionto theexposurelevels. Fromthere, in amost all
developed countries(TABLE 1), thisindex isnow be-
ing reported with the weather forecast by themediaor
viatheinternet!”. UV radiation penetrates deep into
the skinand actsaccording to itswavel ength, interact-
ingwiththecdlls. Theshort wavelength ultraviolet ra-
diation (UV-B 280-320 nm) ismostly absorbed inthe
epidermisandits predominant effectsoccur inthe epi-
dermal cells (e.g.the keratinocytes); while long
wavel engthultraviol et radiation (UV-A 320-400 nm)
penetrates more deeply and can thereforeinteract with
theepidermd keratinocytesand dermd fibroblastsblood
vessal g8,

The UVI was devel oped on the basis of various
studiesand independent investigationsin severa coun-
triesto sandardizether definitions. Itispublished asa

recommendation of the World Health Organization
(WHO), the World Meteorological Organization
(WMO), the United Nations Environment
Programme (UNEP)and the International Commis-
sion on Non-lonizing Radiation Protection (ICNIRP).
Inmathematica terms, it isequivaent to 40 timesthe
average effective irradiance (W/m?). A(1) UVI is
equivaent to anirradianceof 1/40=0.025W/m?for a
5to 10 minutesinterval.

TheWHO looksto establish anindex (Figure3) in
order to haveasmplevalueto rai se awareness about
thenegativeeffectstha solar UV radiation hason hedlth
andto dert citizensabout theimportance of protecting
fromsuchradiation.

Thereareimportant works on the UV I measure-
mentsanditseffects. Values obtained by Sanclemente
etd!” inMeddlin - Colombiawere considered as“very
high”, and in villages such as El Retiro were considered
tobe“high”, “very high” and “‘extreme” starting at 09:00
am. Sol 6rzanoet al™ reported thatcol ombian popul a
tionisexposed to extreme UVradiation all year round.
Colombia, located at the northwest of South America,
between latitudes12° N and 4° S, has extreme levels
of UVR during 365 daysayear. TheUV levelsof the
12 |argest colombian citieswere measured. The UV
Index normally reacheshigher than 9 points: thevery
high-extreme category accordingto theinternationaly
established UV Index scale,

MINIMAL ERYTHEMAL DOSE

Thereisameasurefor the exposuretimefor the
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TABLE 1: UVI valuesfor someareasof theworld.?

Country (City) J FM A M J J A O D
Argentine (Buenos Aires) %S 9 9 7 4 3 2 2 4 5 7 9 10
Australia (Darwin) 13*s 12 13 12 10 8 8 8 10 11 13 12 12
Australia (Melbourne) 3°'s 8 8 6 4 2 2 2 3 5 8 9
Australia (Sydney) 34°s 9 9 7 5 3 2 3 4 7 9 10
Brazil (Rio de Janeiro) 23S 12 112 9 7 5 5 5 7 9 10 12 12
Canada (Vancouver) 49°N 1 1 3 4 6 7 7 6 2 1 1
Cuba (Havana) 2N 6 8 9 10 10 11 12 11 10 8 6 5
Falkland-1slands (Port Stanley) 58s 5 4 2 1 0 0 O 1 2 3 5 5
France (Paris) 49°N 1 1 3 4 6 7 7 6 4 2 1 0
Germany (Berlin) BN 1 1 2 4 5 7 7 5 3 1 1 O
Greece (Iraklion) BN 3 4 5 8 9 9 10 9 7 4 3 2
Japan (TokY o) 3N 2 4 5 8 9 9 10 9 7 4 2 2
Kenya (Nairobi) 1’ 12 13 13 12 11 10 11 11 12 12 12 11
Madagascar (Tananarive) 19°s 12 12 11 7 6 6 11 11 12 12
Mozambique (Maputo) 26°S 11 11 7 4 8§ 10 11 11
Mongolia (Ulan Bator) 48°N 1
New Zealand (Wellington) 42°S 3 1 1 1 2 4 8
Panama (Panama) 9°N 11 12 12 11 11 12 12 12 11 9 9
Russia (St Petersburg) 6°N O O 1 3 4 5 5 4 2 1 O
Singapore (Singapore) I°N 11 12 13 13 11 11 11 11 12 12 11 10
South Africa (Cape Town) 34°s 9 9 7 4 7 9 10
Spain (Pamade Mallorca) 3N 2 3 4 6 8 9 9 8 6 2 1
Sri Lanka (Colombo) 13N 8 10 12 12 11 11 12 12 12 10 8 8
Thailand (Bangkok) 14°N 8 10 12 12 11 12 12 12 11 10 8 8
USA (Los Angeles) 34N 3 4 6 8 9 10 10 9 7 5 3 2
USA (New York) 49°N 2 3 4 6 7 8 9 8 6 3 2 1
Vietnam (Hanoi) 2°N 6 8 10 11 11 11 12 12 10 8 6 6

different typesof skin. It iscal culated from the mea-
surement of the UV index or itsequivaentin MED/
hour, in other words, the effective dosethat causes a
minimal erythema.

Accordingto Rivas'¥, theminimd erythemal dose
(MED) isthe minimum amount of UV that produces
redness 24 h after exposure. Skintypelll corresponds
to skin that burnsand tansmoderately and uniformly
(MED, 0.30 0.50 kJ/m?), and skin type IV corre-
spondstolight brown skinthat burnsminimaly andtans
moderately and easily (MED, 0.40 0.60 kJ/nv). Lighter
skinasl and Il types, transmit moreradiation and con-
sequently, the dose and the time that is necessary to

induce erythemaislessthan for darker skinft,

A MED isdso defined astheunit of radiant energy
UV-B necessary to produce a barely perceptible
erythemaintypell skin (light skin) andisequivalentto
210 Joules per square meter (Jm?). 1 MED/hour is
defined astheratio (irradianceitself)of theUV-B radia
tion incident on any surfacein onehour.™

TABLES 2 and 3 present theequivaencein MED/
hr for 15UV index valuesand theequivalenceof MED
units of radiant energy for each type of skinin Joules
per square meter (Jm?). 1 MED =210 J/m?. (for light
skin)ity,

Alsoitisimportant the database and information
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Figure3: Theglobal solar ultraviolet (UVI) index. It goesfrom low (green) to extreme (pur ple). Taken from WHO Wor ld

Health Organization (WHO).
TABLE 2: Equivalencein M ED/hr for 15UV index values™
uvi MED/hr

0 0
1 0.43
2 0.86
3 1.29
4 172
5 2.14
6 2.57
7 3
8 343
9 3.86
10 4.29
11 472
12 5.15
13 557
14 6
15 6.43

that could be obtained at WHO at: http:/Amww.who.int/
uv/publications/en/

RESULTS

In our casethe data was registered (every five
minutes)by the station Meteo URBE-1 |ocated rela-
tively near the Equator (Figure4) at Maracaibo— Ven-
ezuela; Latitudel0° 41°39”N, Longitude 71° 38 1”°W,
Altitude: 30 m. Datawas collected since 2012, when
the station started to operate. In the absence of a
weather station that registered ultraviol et radiationin
thecity, theuniversity installed Meteo URBE - 1. The
climateinVenezuelais characterized by two seasons
only: onerainy, badly called winter, and other called
summer for havingvery littlerainfall.

Theresultsare analyzed, asmentioned, with refer-

TABLE 3 : The energy required to produce erythema
accordingtothetypeof skin.*¥

Theenergy required to produce erythema accor ding
tothetype of skin MED

Skin type MED Jim?
* Skin very clear (extra sensitive) 0.80 168.0
« Skin clear (sensitive) 1.00 210.0
* light brown skin (normal) 1.25 262.5
* Dark brown skin (normal) 1.56 328.1
* Dark skin (insensitive) 1.95 410.2
* Very dark skin (insensitive) 244 512.7

enceto the standards set by theWorld Health Organi-
zdion.

DISCUSSION

A typical daily behavior of theUVI for thecity of
MaracaiboisshowninFigure5. Evidently, the UVI
vauevary withthesun position, beginning gpproximately
at 06:00 am, it increasesuntil noon and then decreases
until the 06:00 pm. Inthisparticular day it isobserved
that themaximum vauewas 12, corresponding for this
particular day, to an extreme value according to the
WHO. From TABLE 2it correspondsto 5.15 MED/
hour (an exposure of 1081.5 J/m? per hour). From
TABLE 3for light brown skin (most of the Maracaibo
population)theM ED is 1.25, meaning an exposurefour
timesthe energy required to produce erythema.

Theannual distributionsfor 2012, 2013 and 2014
areshownin Figures 6a, 6b and 6¢, respectively.

In 2012 the maximum va ueswere between 7 (high)
and 10 (very high). Lower values correspond to rainy
periods. In averageit was 9, corresponding to avery
highvaue With 3.86 MED/hour meaningadmost 3times
the energy required to produce erythema. In 2013 the
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Figure5: Oneday ultraviolet radiation index (UVI) in M aracaibo, 08/02/2013. L atitude 10° 41°39” N, Longitude 71°38°1”

W, Altitude: 30m.

maximum val ues oscillate between 9 and 13 and the
averagewas 11 equivalent to 4.72 MED/hour higher
than the obtained in 2012. For 2013 year themaximum
UVI values show avery high and extremevauescor-
respondingtofigure3.

In the threefirst quarters of 2014 the maximum
valuesof UV registered werein between 12 and 14,
giving an extreme condition and 5.57 MED/hour. 4.5
timeshigher themaximum dlowed for light brown skin
(normd).

One of themost remarkabl efacts, asobservedin
Figure7, istheincrease of the UV Idaily maximum be-
tween 2012 and 2014. On average, thedaily maximum
valuesregistered, were greater than 8 UV Ifor 2012,
10for 2013 and 12 for 2014. Thereason of suchinter
annual increaseisnot yet understood. Nevertheless

therainfdl inthoseyearsisin smilar proportionto the
UV vaues obtained for these periods. For the year
2014 from themonth of January there have been very
few rainsand authoritieshave declared a“state of emer-
gency” and have established a program of rationing for
water supply.

Thisfact arousesan investigation asthis phenom-
enonisfunctioning: (a) thereissomealterationinthe
ozonelayer of theareawhichincreasesultra-violet ra-
diation and therefore heatsthe areaof such magnitude
that it preventsor blocksthe condensation of clouds?
Or thereissome changein theinter tropical conver-
gence of the Caribbean area, as a result of climate
change, which hasaltered the cloud cover inthe area
and asaresult of it, hasoccurred thisyear anincrease
of ultraviolet radiation that reechesthe Earth layer caus-
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Figure6(b) : Ultraviolet radiation index (UVI) in M aracaibo, January — December 2013.
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Figure6(c) : Ultraviolet radiation index (UV1) in M ar acaibo, January — December 2014.

Spain with 4 season clearly defined the up and down of
the UVI for each seasonin contrast with the city of

for countrieswith four seasons, if comparethe Figure

onthearea? Thesetwo hypothesesrequirefurther sudy  No.1 Variability of UV by stage of year Barcelona—

A Tudéan Journal

Also, Itisclear theinfluenceof the stage of the year
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Figure7: Variation of theultraviolet radiation index (UVI) from 2012to 2014. L atitude 10° 41°39”’ N, Longitude 71°38°1”

W, Altitude: 30m.

Maracaibo with aconstantly increase variation of the
UV year-round Figure 6(b).

CONCLUSIONS

In this work were observed, for the city of
Maracaibo, valuesof the UV highly above the stan-
dards of theWorld Health Organi zation and other spe-
cidized agencies.

Also, it was detected an inter-annual increasein
theUIV intheareaof Maracaibo city. However, itis
recognized that theweather station isrelatively young
and does not record enough datato make definitive
inferences or predictionsabout the behavior of thein-
volved parametersforforecasts of thecoming years.

Alsotheca culated energy based onthe UVI widdly
over theminimum energy requiredto produce erythema
(MED) according to the type of skin. Shuch energy
wasa so yearly increasing from 2013to 2014.

Despitethisladt, it isnecessary to continue observ-
ing thisbehavior and evaluate hypothesesthat rel ate
thisperformancewith therainfal inthe place.

Findly, itisrecommended to promote campaigns
onthebenefits, but aso dangersof ultraviolet radiation
according to guiddinesestablished by theWorld Hedlth
Organization. Thisactivity should bedirected towards
children and ol der people.
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