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BvBegeHue: Enepeuama, kosmo gocmuza go 3emama B8 cocmaBa Ha cAbHYeBume Abyu, & CocmaBeHa om
Kamegpa no 04HU 6oAeCMU U 3pUMEAHU

Hayku, (Jakyamem no MeguuuHa, BoAHU € pasAUHa gbAKuHa U eHepaemuyeH 3apag. YampaBuoremoBume Avyu ocmaBam u3BbH Bugumus
Meguuurcku yHuBepcumem — BapHa cnekmop, kamo npu Aunca Ha 3awumHu HaBuuu u B npekomepHa gosa me ca usmoyHuk Ha yBpexkgate,

yA. ,MapuH [IpuHoB“ 55 koemo mMoxXe ga 6bge Heobpamumo.
Bapta 9002 Lien: [la ce npegcmaBam pesyamamume, noAydeHu ¢ kamepa 3a gemekuus Ha USMEHeHUAMaA No npegHa

GHITES G 1 AT L0500 04Ha NoBbpxHOCM, U pe3yAmamume om aHkema 0mHOCHO UH(OPMUPaHOCMMa Ha xopama 3a epekmume

Ha YB paguauusma Bopxy op2aHu3ma.

Mamepuanu u memogu: HacmoAawomo npoyyBaHe e paHgoMu3upaHo U npegcmaBa pesyamamume,
noAyyeHu om 120 yyacmHuuuy, Ha cpegha Bovapacm om 50,03 2., SD+14,279, om koumo muxke — 71.67%,
keHu — 28,33%. Ha Bcuuku bewe npegocmaBeHo UHGOpMUpPaHO Cbaaacue U aHkemHa kapma, ooxBawawia
Bbnpocu 3a Bvapacm, npodGecuoHaAHa 3aemocm u memogume, koumo u3noa3Bam 3a YB npomekuus Ha
oyume, cAeg koemo beuwe U3BLPWEH NbAEH OYEH NPE2AEY U 3acHema npegHama 0yHa noBopxHOCM ¢
kamepama 3a gemekuus Ha YB u3ameHeHus.

Peaynmamu: Mpu yacm om yyacmHuuume — 40.83% (n=49) cvc cpegHa Bv3pacm 33.45 2., SD+12.48
He ce ycmaHoBuxa 30HU Ha koHloHkmuBaaHa aBmodayopecueHuus (CUVAF). Mpu 59.17% yyacmHuuu
(n=71) coc cpegHa Bospacm 45,42 2., SD+13.23 ce HabalogaBaxa 30HU C U3MEHEHUA NO NpegHa 04Ha
noBuvpxHocm. C HanpegBaHe Ha Bb3pacmma Ha yuacmHuuume ce HabalogaBawe u yBeauyaBaHe Ha 30HUMe
Ha U3MEHEHUA N0 NAOW, U UHMeH3umem. MoAyveHume pesyamamu om aHkemama noka3Bam cpaBHuUmeAHo
Hucku HuBa Ha uHdopMUpaHOCM OMHOCHO yAmpaBuoremoBama cBemauHa.

3aknloyenue: Memogom Ha gemekuua Ha konlonkmuBaaHa aBmodayopecueHuus Moke ga 6vge
u3n0A38aH kamo o6ekmuBeH Mapkep 3a U3MeHeHUAMa N NpegHa 04Ha noBbpxHocm. MoBuwaBaHemo Ha
UHdOPMUPAHOCMMa CPeg HaceAEHUEMO MOXE ga HamMaAu Yecmomama Ha peguua 3a60AABaHuA Ha 04Hama
noBbpxHoCM.

KnlowoBu gymu: yampaBuoremoBa cBemauna, aBmodayopecueHuua, kamepa, nmepuzuym, uHoBauus
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ABSTRACT

Introduction: The energy that reaches the Earth is composed of light waves of different length and energy
charge. Ultraviolet rays remain outside the visible spectrum and, in case of absence of protective habits and
in excessive doses, they are a source of damage that can be irreversible.

Aim: The aim of this article is to present the results obtained with a camera for the detection of changes on
the eye surface and the results from a survey regarding people’s awareness of the effects of UV radiation.
Materials and Methods: The current study is randomized and presents the results obtained from 120
participants, with a mean age of 50.03 years, SD+14.279, of which men—71.67%, women—28.33%. All
were provided with informed consent and a questionnaire about age, occupation, and the methods they use
for UV eye protection, after which a complete eye examination was performed and the anterior ocular surface
was photographed with the UV change detection camera.

Results: In some of the participants—40.83% (n=49), with a mean age of 33.45 years, SD=12.48, no areas
of conjunctival autofluorescence (CUVAF) were detected. In 59.17% of the participants (n=71), with a mean
age of 45.42 years, SD+13.23, areas with changes on the anterior ocular surface were observed. As the age
increased, there was also an increase of the changes both in area and intensity. The results of the survey show
relatively low levels of awareness about UV light.

Conclusion: The method of detection of conjunctival autofluorescence can be used as an objective marker for
changes in the anterior ocular surface. Increasing awareness among the population can reduce the incidence
of a number of diseases of the ocular surface.

Keywords: uliraviolet light, autofluorescence, camera, pterygium, innovation

BbBEJEHNE

3peHuemo e egHo om ocHoBHUMe nem cemuBa Ha YoBek, 3aegHo
CbC CAyxa, Bkyca, 060HAHUEMO U yyBecmBomo 3a gonup (1). 3aegHo
C MAX OWE peguua gonbAHUMEAHU YCewarus gonpuHacAm 3a
uArocmHomo B3aumogedcmBue Ha 40Bek cbC 3a0bukardwa 20
cpega (2).
HesaBucumo om MH02006pasuemo Ha peuenmopu 8 yoBewkomo
MAAO, Hue noAyyaBame Hal-MHO20 UH(GOPMAUUA UMEHHO upes
3peHuemo cu. Oyume gonpuHacam 3a go 83% om gaHHUme
3a okoaHama cpega (3,4). EBoalouuoHHo ca ce pa3BuAu Hakou
3aWUMHU  MexaHu3mu kamo kaenadu, Mu2Au, CAb3eH QUAM,
u3paseHa pozoBuyHa cemuBHocm U gpyau, kamo noBeyemo om
MAX UEAAM MexaHU4Homo 3auwumaBane Ha okomo (5).
MpeobAagaBawama Yacm om eHepauAma, gocmuzawa go Hac,
e B cocmaBa Ha cAbH4eBume Abyu. Okomo e B cbcmoAHue
ga Bv3npueme U pezucmpupa 4acm om me3u BbAHU, kamo
cnekmovpom, gocmoneH 3a okomo, e u3Becmen kamo Buguma
cBemauHa u 06xBawia yacmma ¢ goAkuHa Ha BbaHama mexgy 380-
400 nm u 760 nm (6). OzpomHa yacm om erekmpomazHUmHUA
cnekmop 06aye ocmaBa ckpuma 3a okomo, kamo munuyeH npumep
ca yampaBuoaemoBume u uHdpadepBeHu Abyu.
YampaBuoremoBama paguauus e wupoko pas3npocmpaHeHa,
06xBawa eaekmpomazHumHua cnekmop mekgy 10 nm u 380
nm (7) u 3aema macmo mexkgy pesmeeHoBume Avuu — 0,01-10
nm, u Bugumusa cnekmop (8,9). Cnopeg eHepaemuyHuUA CU 3apAg
U gbmkuHama Ha BbAHama pasgeaame YB aouume Ha Hakoako
nogepynu:
e UVA Abyu ¢ gonkuHa Ha BbaHama Had-6Auska go Bugumua
cnekmop — 380—315 nm u eHepzemuyeH 3apag om 3,10—
3,94 eV (10), kamo me3u BbAHU npemuHaBam 030HOBUA

INTRODUCTION

Vision is one of the five basic human senses, along with hearing, taste,
smell, and touch (1). Anumber of additional sensations also contribute
for the interaction of a person and the surrounding environment (2).
Regardless of the variety of receptors in the human body, we receive
the information mainly through our sight. The eyes contribute for up
to 83% of the environmental data (3,4). Some protective mechanisms
have evolved, such as eyelids, eyelashes, tear film, pronounced
corneal sensitivity, and others, but most of them are only contributing
to the mechanical protection of the eye (5).

The main part of the energy reaching us is in the composition of the
sun’s rays. The eye is able to perceive and register part of these light
waves. The spectrum, perceived by the eye, is known as visible light
and covers the part of the spectrum with a wavelength between 380—
400 nmand 760 nm (6). However, a huge part of the electromagnetic
spectrum remains hidden from the eye, with ultraviolet and infrared
rays being a typical example.

Ultraviolet radiation is widespread. It consists of wavelength between
10 nmand 380 nm (7) and occupies a place between X-rays (0.01-10
nm) and the visible spectrum (8,9). Depending on the energy charge
and wavelength, we divide UV rays into several subgroups:

e UVA rays have a wavelength closest to the visible spec-
trum—380-315nm with an energy charge of 3.10-3.94
eV (10). These waves pass the ozone layer and reach the
Earth’s surface. With chronic exposure, as well as intensive
above-threshold levels, a correlation with changes in mito-
chondrial DNA and the induction of stress proteins has been
proven (11).

e UVB rays have a length from 315 nm to 280 nm, with a sig-
nificantly higher energy charge. Although the main part of
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CAOU U gocMu2am go 3eMHama noBbpxHocm. MpuXxpoHuUYHa
ekcnosuuyuA u HagnpaeoBu HuBa e gokasaHa Bpvska ¢
NpomeHu 8 MumoxoHgpuaaHama AHK u uHgyuupaHemo Ha
cmpec npomeuHu (11).

e UVB nvuu ¢ gomkura om 315 nm go 280 nm ¢ u3paseHo
no-Bucok eHepzemuyeH 3apAg. Makap ocHoBHama yacm
0m mAX ga ce abcopbupam om 030HOBUA cAOU, 0koAD
15% gocmuzam go 3emHama noBbpxHocm, kamo ocBe
CAbHYeB0 u32apAHe ca nomeHuuaAeH puckoB dakmop 3a
XPOHUYHO yBpeXgaHe Ha okomo u kokHu HoBo0bpa3yBaHus
(12).

e UVC abuu ¢ gonkura mexkgy 280 nm u 100 nm. Mopagu
CNeuuduUYHama cu gbAXuHa me3au BbAHU U3UAAD Ce abcop-
bupam om 030H0BuA cAod. M3moyHUUL HA makuBa BobAHU
ca NPegUMHO Cob3gageHu om 4voBek — UHCMpPyMeHMU 3a
3aBapABaHe, ypegu 3a gesuHpekuua ukuBayHu aamnu (13).

B cvBpemenHomo ekegHeBue cMe 3a06ukoAeHU He camo om
ecmecmBeHa YB paguauus, a go 20Aama cmeneH u om uskycmBeHu
U3moyHUUU Ha makaBa. OCHOBHU npumepu ¢a M.H. ,4epHU AaMnu*
(npegumHo usmoyHuk Ha UVA — avyu) (14), kocoBbaHoBU kBapuoBu
AaMnu ¢ nuk Ha emucuama mexkgy 253,7 nm u 185 nm, koumo ce
u3noA3Bam u 3a meguuuHcku ueAu (15). OcHOBHUAM NpuHUUN Ha
geacmBue ce u3pasaBa B HapyweHo cBvbp3BaHe Ha gBotkume 6a3u
B 1HK u cv3gaBaHemo Ha nupmuguHoBu gumepu. ToBa uHakmuBupa
20AAMa Yacm om 6akmepuume, Bupycu U egHOkAeMbYHU Napasumu
(16).

Mangemuama om COVID-19 npegu3Buka wupoko usnoa3Bare Ha
Pa3HO0bPa3Hu ypegu 3a gesuHdekuua Ha Bv3gyxa — YB aamnu,
YB npeyucmBameau 3a Bb3gyx u gp. beskoHmpoaHama um
ynompeba u Auncama Ha gocmamuyHa UHGOPMUPAHOCM Y Xopama
3a BvageacmBuemo Ha yampaBuoremoBama cBemauHa Bopxy
op2aHu3ma MoXke ga goBege kakmo go ocmpu, maka U XpOHUYHU
yBpexkgarua Ha okomo.

(akmopu, gonpuHacawu 3a Bpegrume edekmu Ha YB Abyeruemo,
Ca OlWle cmeneHma Ha abcopouus Ha eHepaus, kakmo u Bpememo
Ha ekcnosuuuA. Koakomo no-zoaama e gbakuHama Ha BbAHama,
moakoBa no-zoaAma BepoAmHOCM UMa ga nNpemMuHe npe3
npo3payHume ouHu cmpykmypu. C HamaraBaHe Ha goakuHama
go okoao 280 nm nexempauuama pAasko HamaaaBa u go 100% om
Noyume ce abcopbupam om po2oBuuama (17).

Hokamo 3a guazHocmukama Ha kokHume yBpeXgaHua om MH020
20QUHU ce u3non3Ba aamna Ha Woods, 8 opmaamonozuama egBa
om ckopo ce u3noa3Ba u obekmuBeH memog 3a gemekuus u
npocAegABaHe Ha U3MeEHeHUAMa no npegHa 04Ha NoBbpxHocm
(MOM). EgHa om nopBume makuBa ycmaroBku e paspabomeHa om
npod. MuHac Koporeo u npegcmaBasBa kamepa 3a gemekuus Ha
30HU Ha konlorkmuBaaHa aBmodayopecueHuua (18).

LEEA

LleAma Ha Hacmoawomo npoyyBaHe € ga e npegcmatu
pe3yAmamume, NoAyy4eHu ¢ kamepa 3a gemekuus Ha usMeHeHuAma
Nno npegHa 04Ha noBvpxHocm, npegu3BukaHu om yampaBuoremoBa
cBemauHa, kamo obekmuBeH Memog 3a guaegHocmuka U
npocAegaBaHe, kakmo u ga ce npegcmaBam pesyamamume om
aHkema OMHOCHO UH(GOPMUPAHOCMMA Ha xopama 3a edekmume
Ha YB paguauyuama Bbpxy opeaHu3ma, Ha4uHume 3a npomekuua u
Bpo3kama mexkgy ekenosuuua U USMEHEHUS.

them is absorbed by the ozone layer, about 15% reaches the
Earth’s surface, and in addition to sunburn, they are a poten-
tial risk factor for chronic damage to the eye and skin neo-
plasms (12).

e UVC rays have a length between 280 nm and 100 nm. Due
to their specific length, these waves are completely absorbed
by the ozone layer. Sources of such waves are mostly man-
made—welding tools, disinfection devices, and mercury
lamps (13).

In modern times, we are surrounded not only by natural UV radiation,
but also, to a large extent, by artificial sources of such radiation. The
main examples are the blacklights (primarily a source of UVA rays)
(14), short-wave quartz lamps, with an emission peak between 253.7
nm and 185 nm, which are also used for medical purposes (15). The
main principle of action is expressed in impaired connection of the
pairs of bases in DNA and the creation of pyrimidine dimers. This
inactivates most bacteria, viruses, and single-celled parasites (16).
The COVID-19 pandemic has led to the widespread use of various
air disinfection devices—UV lamps, UV air purifiers, etc. Their
uncontrolled use and the lack of awareness among people about the
effects of ultraviolet light can lead to both acute and chronic damage
to the eye.

Factors contributing to the harmful effects of UV radiation are the
degree of energy absorption as well as the exposure time. The longer
the wavelength, the more likely it is to pass through the transparent eye
structures. As the length decreases to about 280 nm, the penetration
sharply decreases, and up to 100% of the rays are absorbed by the
cornea (17).

A Wood'’s lamp has been used for the diagnosis of skin damage for
many years, but in ophthalmology only recently an objective method
for detection and follow-up of anterior eye surface changes has been
used. One of the first such devices was developed by Prof. Minas
Coroneo (18).

AIM

The purpose of the present study is to show the results obtained with
a camera for detection of changes on the anterior ocular surface,
caused by ultraviolet light, as an objective method for diagnosis
and follow-up, as well as to present the results from a survey about
people’s awareness on the effects of UV radiation on the body, ways
of protection, and the relationship between exposure and changes.

MATERIALS AND METHODS

The present study was conducted at the Department of Ophthalmology
and Visual Sciences of the Medical University of Varna and the
Specialized Eye Hospital in Varna. The study was randomized and
covered a period from the beginning of 2014 to 2021. Data was
collected from a total of 120 randomly chosen participants. After
filling out an informed consent and questionnaire, a complete eye
examination was performed and the anterior ocular surface was
examined with an improved version of the UV autofluorescence
detection camera, allowing more detailed images and capturing
areas of smaller size and intensity. The camera was developed in the
Specialized Eye Hospital in Varna and the Medical University of Varna
(Fig. 1).

Each eye was documented in three gaze positions (primary position,
left and right gaze). The collected information was analyzed and
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Fig. 1. Camera for conjunctival autofluorescence detection.

MATEPWAAI N METOAN

Hacmoawomo npoy4yBaHe e npoBegeHo B Kamegpama no 04HU
boAecmu U 3pumeAHU Hayku Ha MeguuuHcku yHuBepcumem ,1pod.
g-p MapackeB CmoaHoB" — BapHa u CneyuaAusupaHama 60AHUUA
no oyHu boaecmu 3a akmuBHo AeueHue (CBOBAA) — BapHa.
MpoyyBaHemo e paHgoMUu3UpaHo U 06xBawia nepuog om Ha4aAomo
Ha 2014 2. go 2021 2. CvbpaHu ca gaHHU om 06wo 120 yyacmHuuy,
nogbpaHu Ha cAydaeH npuHuun. Caeg nonbABaHe Ha UHGOPMUPAHO
Cbenacue U Ha aHkemHa kapma Oewe u3BbpweH NbAeH 04eH
npezaeg U QokymMeHMuUpaHa npegHama oyHa NoBopxHocm ¢
nogobpeHa Bepcua Ha kamepama 3a gemekuua Ha YB usmeHeHus,
no3BoadBauwia no-gemadAHu CHUMKU U yAaBAHE Ha 30HU C No-Manka
NAOW, U UHMEH3uBHocm, paspabomera coBmecmHo 8 CEOBAA —
BapHa u Meguuutcku yHuBepcumem — Bapra (Qua. 1).

Bcako oko 6ewe gokymeHmupaHo 8 mpu noz2AegHU No3uuuu
(nbpBa no3uuus, noeAeg HaAABO U nozaeg HagAcHo). CobpaHama
UHGOpPMAUUA belwe aHaAusupaHa u 06pabomeHa CbC npozpama
ImagedJ u cmamucmuyecku codmyep SPSS, ver. 19.0. MoayyeHume
cHumku ¢ Hucko kavecmBo, Heno3BoaaBauwlo o6pabomka u
noAy4aBaHe Ha pesyamam (NAOWL U UHMEH3Umem Ha Haxogkama)
6Axa uskaloyeHu om cmamucmuyeckua aHaus.

3non3BaHama ankemHa kapma 3a 3awumHume HaBuuu Ha
yyacmHuuume cogopkawe Bonpocu Ha gocmbneH e3uk, 20AAma
4acm om mAX CbC CHUMKU. Yacm om msAXx Ce OmHacAxa 3a
Bv3pacmma, noAa u npodecuama, kakmo u npohecuoHarHuA cmak,
¢ 02Aeg ¢ no-Bucoka yecmoma Ha YB yBpexkgarua no M0OM npu
npogoakumeAHa ekcnosuuusa npu Hakou npodecuu (pabomHuuU Ha
omkpumo, 3aBapyuuu). [Ipy2a kamezopus Bbnpocu bAxa cBop3aHu
C NO3HaHUAMA Ha yyacmHuuume 3a yampaBuoremoBus cnekmbp,
acouuauuama mexgy YB, koXkHu U 04HU USMEHEHUA U HE Ha NOCAEJHO
MACMO — 33 AUYHUME 3aLUMHU HaBuuu 3a 04Ha npomekuuA.

PE3YATATI

B npoyyBaHemo 6axa BkaloueHu yyacmHuuu Ha Bv3pacm om 18
go 85 2o0guHu. CpegHama Bv3pacm 6ewe 50,03 2., SD+14,279.
MoBeyemo om yyacmHuuume 6axa om Mokku noa (Moxke — 71.67%,
n=286, keHu — 28,33%, n=34). Pasaukama B8 6pos Ha yuacmHuuu ce
06AcHABa goHAkbge ¢ no-Yecmud mpaBMamusbM npu npodecuu,
MPagUUUOHHO CMAMaHU 3a Mbkku — CMpOUMeAHU pabomHuuu U
3aBapyuuu, nocewatawiu MHo20 no-yecmo CBOBAA ¢ onaakBaHus,

processed with ImageJ program and SPSS, ver19.0. statistical
software. The photos with low quality, not allowing processing and
obtaining a result (area and intensity of the finding), were excluded
from the statistical analysis.

The questionnaire determining the participants’ protective habits
contained questions in understandable language, many of them with
pictures. Some of them were related to age, sex, and occupation, as
well as professional experience, in view of a higher frequency of UV
injuries of the anterior eye surface related to long-term exposure in
some occupations (outdoor workers, welders). Another category
of questions was related to the participants’ knowledge of the UV
spectrum, the association between UV, skin and eye changes, and,
last but not least, personal protective habits for eye protection.

RESULTS

Participants aged 18 to 85 were included in the study. The mean age
was 50.03 years, SD+14.279. Most of the participants were male
(men—r71.67%, n=86; women—28.33%, n=34). The difference in
the number of participants is explained to some extent by the more
frequent traumatism in occupations traditionally considered male—
construction workers and welders, who have visited the Specialized
Eye Hospital in Varna much more often with complaints related to
acute and chronic damage to the anterior eye surface. It is namely
these occupations that are more frequently associated with changes
of the anterior eye surface caused by chronic UV radiation, which
coincides with the studies of other authors. The majority of the
participants were between 40 and 65 years old (Fig. 2).

In some of the participants—40.83% (n=49), no areas of
conjunctival autofluorescence (CUVAF) were found in any of the three
viewing positions. The mean age of the participants without CUVAF
was 33.45 years, SD+12.48. Of the participants without statistically
significant areas of autofluorescence, men were 46.94% (n=23).
Female participants without statistically significant CUVAF zones were
53.06%, n=26, respectively (Fig. 3).

In the majority of participants, areas with changes of the anterior
ocular surface were observed. This group represented 59.17% of
the total number of participants (n=71). Here, the average age of
the participants was higher—45.42 years, SD+13.23. From the
group with available CUVAF zones, men were significantly more as a
percentage than women: men with CUVAF zones—88.73%, (n=63),
women with CUVAF zones—11.27% (n=8) (Fig. 4). The frequency
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cBbp3aHu C 0CMPU U XPOHUYHU yBpekgaHua Ha npegHa O4Ha
noBopxHocm. IMeHHO me3u npodecuu ca No-4ecmo acouuupaHu
C U3MEHEeHUA Ha npegHa o4Ha noBbpxHocm, npegu3BukaHu om
XPOHUYHO YB AbyeHue, koemo cbBnaga ¢ npoyyBaHuama u Ha gpyau
aBmopu. MpeobagaBawiama yacm om yyacmHuuume dewe Mexgy
402.u652. (Que. 2).

Mpu yacm om yyacmHuuume — 40.83% (n=49), He ce ycmaroBuxa
30HU Ha konlonkmuBaaHa aBmodayopecueHuua (CUVAF) 8
HUMO egHa oM mpume NnozAegHu no3uuuu. CpegHama Bv3pacm
Ha yuyacmHuuume 6e3 CUVAF 6ewe 33.45 2, SD+12.48. Om
yYacmHuuume 63 HaAU4HU 30HU Ha aBmodAyopecueHUUA Mbkeme
ca cbomBemHo 46.94% (n=23). YuacmHuuyume om keHcku noa be3
HaAuyHU 30HU Ha CUVAF 6axa coomBemro 53.06%, n=26 (Que. 3).
[pu npeobragaBawama yacm om yyacmHuyume ce HabalogaBaxa
30HU C U3MEHEHUA NO NpegHa 04Ha noBbpxHocm, kamo masu 2pyna
npegcmaBaaBawe 59.17% om obwua 6pod yyacmHuuu (n=71).
Tyk cpegHama Bb3pacm Ha yyacmHuuume e no-Bucoka — 45,42
2., SD+13.23. Om 2pynama ¢ HaauuHu CUVAF 30HU Mokeme 6Axa
NPOUEHMHO 3HaYUMeAHO NoBeye 0m )KeHume CbC U3MEHEHUA —
MoXe Cbe 30HU Ha CUVAF —88.73%, (n=63), keHu ¢ HaauyHa CUVAF
—11.27% (n=8). Yecmomama Ha 30HUMe (Ha3aAHO, MEMNOPAAHO
uAu gBycmpanHo) Bapupa npu pa3Au4HUME y4acmHuuu.

Mog BHumaHue Gewe B3emo 0CBEH HaAUMUEMO Ha 30HU Ha
aBmodayopecueHuua, maka U UHMEH3Umembm U NAOWMA Ha
npomeHume. C HanpegBaHe Ha Bb3pacmma Ha ydacmHuuume
ce HabalogaBawe kakmo yBeauyaBaHe Ha NpoueHMa yvyacmHuuu
C U3meHeHus, maka u yBeauyaBaHe no NAOW U UHMEH3UMeEM
Ha 30HUME ¢ npomeHu. ToBa 20B8opu 3a kymyaamuBeH edpekm
Ha yampaBuoremoBomo AbueHue, kamo edekmbm e no-
uspaseH npu npodecuu, npekapBawu 3Ha4umeAHo Bpeme Ha
omkpumo — ceackocmonaHcku pabomHuuu, cmpoumeau, kakmo
u makuBa, koumo ca nogrokeHu Ha UHMEH3UBHO YB AbueHue,
makap 3a no-kpamvk nepuog om Bpeme (3aBapuuuu). B mesu
CAyyau obpabomkama cvbc copmyep Image u BHumameAaHomo
aHaAu3upaHe Ha cHumkama mozam ga nokakam 06ekmuBHo
naowma Ha usmeHeHuemo. ToBa no3BoaaBa Memogobm  3a
gemekuua Ha konloHkmuBaAHa aBmogayopecueHuus ga ce
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Fig. 2. Histogram, representing the mean age of the participants.

of the zones (nasal, temporal or bilateral) varied among the different
participants.

In addition to the presence of autofluorescence zones, the intensity
and area of the changes were taken into account. With the increase in
the age of the participants, the percentage of people with conjunctival
autofluorescent (CUVAF) zones was observed to increase, and the
zones themselves increased in area and intensity. This confirms the
theory of the cumulative effect of ultraviolet radiation, and the effect
is especially strong with occupations that spend considerable time
outdoors—agricultural workers, construction workers, as well as
those who are exposed to intense UV radiation, even for a short period
of time (welders). In these cases, processing with ImageJ software
and carefully analyzing the photograph can objectively show the area
of the change. The conjunctival autofluorescence detection method
can be used to diagnose discrete changes and progression of UV-
induced anterior eye segment diseases (Fig. 5).

Of particular interest were the possible changes in young people who
did not have the habit of protecting their eyes against UV radiation.
For this purpose, for the period of the study, mainly young people
aged 18 to 35 were examined, who regularly visited the beach or
solarium without using glasses, hats, or other sun protective means.

Fixating left

Fig. 3. Right and left eye, different fixating directions, no significant signs of conjunctival autofluorescence.
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Right eye

Left eye

Fixating right

Fixating left

Fig. 4. Right and left eye, different fixating directions, visible signs of conjunctival autofluorescence.

u3noA3Ba 3a guazHocmuka Ha guckpemHu U3MEHeHUA U nNpozpecus
Ha 3a60AsBaHusA Ha MO, npegusBukaru om YB paguauus (Que. 5).
OcobeH uHmepec npegusBukaxa eBeHmyaAHUme NPOMEHU Npu
MAagu xopa, koumo HAmam HaBuk 3a ouHa npomekuus om YB
NoyeHuemo. KbM masu 2pyna 3a nepuoga Ha npoy4BaHemo 6axa
uscAegBaHu npeguMHO MAagu xopa Ha Bo3pacm om 18 go 35
2., koumo cucmemHo nocewaBam naak UAU COAApuyM, 6e3 ga
u3noA3Bam o4uAa, wanka uAu gpyeu cpegcmBa. XapakmepHomo
npu YB ekcnosuuua no Bpeme Ha naax e, Ye 3HaYUMeAHa eHepauA
ugBa kakmo gupekmHo om cAoHUEmMo, maka u om ompasABaHe 8
nAcok U Boga, yBeauyaBatku kymyaamuBHama gosa, Ha koamo e
usnokeHo okomo. [lpyz dakmop, yBeauyaBaul pucka, e Aauncama Ha
ecmecmBeHa npomekuua 3a ompaseHa cBemaura om aHamomMuyHuU
ocobeHocmu (Bexkgume, norokeHUEMO Ha opbumama B AuugBus
yepen U kagnayume ca om Maaka noAsBa npu pascesHama u
ompaseHama cBemauna). Mpu me3u yuacmHuuu ce HabalogaBaxa
MaAku, HO onpegeAeHo Bugumu 30HU Ha konloHkmuBaAHa
aBmodayopecugHuus cAeg UHMeH3uBeH naaxX (Tada. 1). Mpegemou
ga 6bgam CobpaHu gaHHU 3a 06pamumocmma Ha me3u NPOMeHU
npu npekpamaBaHe Ha ekcno3uuuAama Ha UHMeH3UBHO YB AbueHue.
MoAyyeHUmMe pesyamamu om aHkemama nokasBam cpaBHuUmeAHo
Hucku HUBa Ha UHdOpMUpPaHOCM OMHOCHO yAmpaBuoaemoBama

An important characteristic of UV exposure at the beach is that a
significant part comes not only from the sun directly, but also from the
reflection of sand and water, increasing the cumulative exposure dose.
Another factor increasing the risk is the lack of natural protection against
reflected light from anatomical features (eyebrows, the position of the
orbit in the facial skull, and the eyelids are of little use for scattered and
reflected light). In these participants, small but definitely visible areas
of conjunctival autofluorescence were observed after intense beach
exposure (Table 1). Data on the reversibility of these changes upon
cessation of exposure to intense UV radiation remain to be collected.
The survey results show relatively low levels of awareness about UV
light and the potential harm it can cause. While nearly 90% (n=108)
of the respondents were informed about the relationship between
sunlight and skin burning during the beach exposure, and 81.67%
(n=98) made an association between long-term UV exposure with
skin melanoma, only 9.17% (n=11) made an association with potential
eye damage.

The low level of awareness is also confirmed also by another
question—the one about the UV radiation during different seasons.
A large percentage of respondents—=84.16% (n=101), associated
UV radiation only with the summer season, totally ignoring protective

263430 133318

49 179

Fig. 5. ImagedJ analysis of CUVAF zone.
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Tabl. 1. Conjunctival autofluorescence after intensive sunbath.

Right eye

Left eye

Before sunbath

After sunbath

cBemAuHa u nomeHuuarHama yBpega, koamo moke ga HaHece.
Hokamo 6Au30 90% (n=108) om axkemupaHume ca UHGOPMUpPaHU
3a Bpb3kama mexkgy cabHyeBa cBemauHa U kokHO u32apAHe no
Bpeme Ha naak u 81,67% (N=98) npaBam acouuauus mexgy
npogbakumeana YB ekenosuuus ¢ koken meaadom, mo egBa 9,17%
(n=11) npaBam acouuauusa ¢ NomeHUUaAHumMe o4HU yBpexkgaHus.
Huckama cmeneH Ha uHGopmupaHocm ce nomBopkgaBa u om gpya
Bonpoc—mo3u 3a cesoHHocMma HayB Avueruemo. [oAaM npoueHm
om ankemuparume — 84.16% (n=101), acouuupam YB paguayuama
EQUHCMBEHO C AeMHUA CE30H, MOMAAHO npeHebpeeBatku
npegnasHume cpegcmBa (wanka, cAbH4eBu o4uAa, koHmakmHu
Aewiu) npes ocmaxaromo Bpeme (Puz. 6).

ANCKYCINA

YampaBuoremoBomo  AbYeHUe € HesaMeHuma uacm - om
3a0bukarawama Hu cpega. Makap Heobxogumo 3a kuBoma Ha
3emama, 8 npekoMepHU go3u 6u Mo2A0 ga okaxke HebAa2ONpUAMEH
edekm.

EgHa om Had-yecmo yBpekgaHume cmpykmypu e kokama kamo
Had-2oAaM opzaH. U1 gokamo kokHume usMeHeHua U acouuauuama
¢ YB ekcnosuuuama ca gobpe u3BecmHU Ha Xxopama, mo nopagu
CNeuuduyYHUA cu cnekmop me3u BbAHu ocmaBam HeBugumu 3a
okomo, koemo 2u npaBu NOMEHUUAAHO ONACHU.

Hobpe onucaHa e Bpvbskama wmekgy yampaBuoremoBama
cBemauna u Hakou 3a60AABaHuA Ha okomo. EgHo om Had-yecmume
3a00AABaHuUA, KOEMO Ce acouuupa C XpOHUYHa ekcnosuuus, €
nmepuzuymbm. EgHO om mawabHume npoyyBaHua no memama e
npoBegeHo B ABcmpaaua u 06xBawia noBeye om 100 000 kumeau,
kamo pesyamamume nokasBam cmpoza kopeaauus mexgy Bucokus
YB uHgekc, cpegHama vecmoma Ha CAbHYeBU gHU 20QUWHO U
yecmomama Ha nmepuzuyma. Kamo gonoAHUMEAHU hakmopu ca
onucau Huckuam cmaxgapm Ha kuBom, xuaueHa u xpaHeHe (19).
Ichiro Karai u comp. nyoaukyBam mpyg, 8 koimo ca uscaegBaHu
191 anoHcku 3aBapyuyu Ha cpegHa Bvapacm 41 20guHu (17-65 2.)
8 Ocaka u 3 dabpuku 3a 3aBapku u npousBogcmBo Ha MocmoBe u

People knowledge on seasonal UV intensity
according MCQ response

M Spring. W Summer
Autumn Winter

m During all seasons m Don't know

Fig. 6. People’s knowledge on seasonal UV intensity according to the MCQ
responses.

equipment (hat, sunglasses, contact lenses) during the rest of the year
(Fig. 6).

DISCUSSION

Ultraviolet radiation is a constant part of our environment. Although
necessary for life on Earth, in excessive doses it could have an
adverse effect.

One of the most frequently damaged structures is the skin as the
largest and most superficial human organ. While skin changes and the
association with UV exposure are well known to humans, due to their
specific spectrum, these waves remain invisible to the eye, making
them potentially dangerous.

The relationship between UV light and certain eye diseases is well
described. One of the most common diseases associated with chronic
exposure is pterygium. One of the large-scale studies on the subject
was conducted in Australia and covered more than 100,000 residents,
and the results showed a strict correlation between a high UV index,
the average number of sunny days per year, and the incidence of
pterygium. The low standard of living, hygiene, and nutrition are
described as additional factors (19).
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kyau. Pesyamamume, koumo 2pynama ny6aukyBa, HegBycMuCAEHO
nomBopkgaBam no-Bucokama uecmoma Ha nmepuzuym npu
3aBapyuuume — 17 4oBeka om 191 u3caegBaHu. B koHmpoaHama
2pyna € UMaAn0 camo eguH cAyyal usmexkgy Bcuukume 214
pabomHuuu. Yecmomama Ha nmepuauym HapacmBa ¢ HapacmBaHe
Ha cmaXa kamo 3aBapuuk (20).

Cnopeg meopua Ha npod. Munac KopoHeo no-Bucokama
4ecmoma Ha GopmupaHe Ha NMepu2uyM Ha3aAHO Ce 06AcHABA ¢
GokycupaHemo Ha nepuepHo nonagawama cBemauHa Bopxy
pozoBuuama HasaAHo. Cnopeg xunomesama npeyynBaHemo
U NbAHOMO BbmpewHo ompakeHue Mmozam ga goBegam go
20-kpamHo yBeAuyeHUE Ha eHepeusma, gocmueawa Aumoa
HasanHo (21).

B npoyuBaHe, npoBegeHo Ha ocmpoB Hopdoak, ca npegcmaBeHu
gaHHuU om gemekuua Ha konloHkmuBaAnHa aBmodayopecueHuus,
kamo pesyamamume noka3Bam no-u3paseHu 30HU C NO-20AAMA
naow, B8 no-maaga Bov3pacm. Mpu HacmoAWOMO npoyyBaHe ¢
HanpegBaHe Ha Bb3pacmma ce YyBeauyaBawe kakmo 6poAm
Ha yyacmHuuume cbe 30HU Ha YBAQ, maka u naowma u
UHMEH3UMeMbM Ha me3u yyacmbuu.

B egHo om npoyyBaHuama cu npod. MuHac KopoHeo 06AcHABa
no-yecmomo pasBumue Ha nmepuauym U 30HU ¢ YBAQD HasaaHo
Om AuM6a B pe3yamam Ha NbAHOMO BbmpewHo ompakeHue
Ha pozoBuuama u ¢okycupaHemo Ha yampaBuoremoBume Abyu
npegumHo 8 masu obaacm. ToBa He kopecnoHgupa HanbAHO
NOAYYeHUME gaHHU OM HacMOAWOMO npoyyBaHe, mud kamo
Makap Ha3aAHo HaUCMUHA ga uma 30Hu Ha YBA®, cmamucmuyecku
He npeobragaBam 3HAYUMO Hag 30HUME MEeMNOPaAHO UAU
gBycmpaHHo. B aumepamypama AuncBam gaHHU 3a gupekmHo
cpaBHeHue Ha gaHHume, noAyyeHu ¢ kamepa 3a YBAQ usmenerus
U pesyAmamume 0m XUCMOAO2UYHO U3cAegBaHe Ha cbomBemHama
mbkaH cAeg ekcuusus, koemo 6u Mo2A0 ga 6bge 06ekm Ha bbgewo
npoy4BaHe.

3AKAHOYEHNE

B cvBpemeHHama MeguuuHa ce 06pblia Bce No-20AAMO 3HaUEHUE
0CBeH Ha OMQEAHUME HO30A02UYHU EQUHUUU U AEYEHUEMO UM,
maka U paHHama guazHocmuka, npeBeHuusma U MbpCeHeMo Ha
CYOKAUHUYHU U3MEHEHUA.

B odmaamonozusma egBa om Hakoako 20guHuU ce 20B0pu 3a
06ekmuBHo gokymeHmupaxe Ha yampaBuoaemoBume U3MeHeHusA
N0 NPegHa 04Ha NOBHLPXHOCM U € Cb3gageH Memogbm 3a gemekuus
Ha npuHuuna Ha aBmodayopecugHuuA. To3u Memog 6u Mo2bA
ga ce u3noA3Ba 3a obekmuBHa paHHa gemekuua u npocaegaBaHe
Ha usmeHeHuama no [OM, B8 moBa yucro 3aboAABaHuA kamo
nuHzBekyra u nmepuzuym, kakmo u ga nogobpu nosHaHuAma 3a
me3u 3a60AABaHUA.

Kamo 6bgewu ueAu ce nocmaBam npocaegaBaHemo Ha cBemoBHusA
onum ¢ mMo3u Memog, CbbupaHemo Ha JONBAHUMEAHU gaHHU,
aHaau3, kakmo u paswupaBare Ha npoy4Basemo. CbnocmaBaHemo
Ha gaHHUMe, noAyYyeHU ¢ kamepa 3a gemekuus Ha U3MEHEHUA
no MOM, u pesyAmamume OM XUCMOAO2UYHO U3CAEQBaHe Ha
CbomBemHama mukaH buxa buAl NpegMem Ha bbgewo npoyyBaHe.

Ichiro Karai et al. published a paper in which 191 Japanese welders
with an average age of 41 years (17-65) were studied in Osaka and 3
bridge and tower welding and manufacturing factories. The results that
the group published unequivocally confirm the higher frequency of
pterygium in welders—17 people out of 191 examined. In the control
group, there was only one case among all 214 workers. The incidence
of pterygium increases with increasing length of service as a welder
(20).

According to Prof. Minas Coroneo’s theory, the higher frequency
of pterygium formation nasally is explained by the focusing of
peripherally incident light on the cornea nasally. According to the
hypothesis, refraction and total internal reflection can lead to a 20-fold
increase in energy reaching the limbus nasally (21).

In a study conducted on Norfolk Island, data from conjunctival
autofluorescence detection is presented, with results showing more
pronounced areas with a larger area at a younger age. In the present
study, both the number of participants with UVAF areas, as well as the
area and intensity of lightening in them, increased with the increase
in age.

In one of his studies, Prof. Minas Koroneo explains the more frequent
development of pterygium and areas with UVAF nasally to the limbus
as aresult of the total internal reflection of the cornea and the focusing
of UV rays mainly in this area. This does not fully correspond with
the data obtained from the present study, because although nasally
there are indeed UVAF areas, statistically they do not significantly
predominate, temporally or bilaterally, over areas. There is lack of data
in the literature on a direct comparison of the results obtained with a
camera for UVAF changes and the results of histological examination
of the same tissue after excision, which could be the subject of future
research.

CONCLUSION

In modern medicine different disease entities and their treatment are
not the only important factors, but also early diagnosis, prevention,
and the search for subclinical changes.

In ophthalmology, only a few years ago, a method for detection and
follow-up based on the principle of autofluorescence of UV changes
on the anterior ocular surface was described. This method could
be used for the objective early detection and follow-up of changes
in anterior eye segment, including pinguecula and pterygium, and
improve the knowledge of these diseases.

Future goals include tracking the global experience with this method,
collecting additional data, analysis, and expanding the study. The
comparison of the data obtained with the camera for detection of
changes in the anterior eye segment and the results of a histological
examination of the same tissue would be a subject of a future study.
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