MIXKHAPOAHWM }KYPHA/ «CBIT/IOTEXHIKA TA E/IEKTPOEHEPTETUKA»

0. C. MNitakos, Bun. 51, N°01, 2018.
YK 681.7.01:681.7.069

ANALYSIS OF PHOTOBIOLOGICAL
PROCESSES AND INDICATORS OF
PHOTOBIOLOGICAL SAFETY OF
RADIATION SOURCE OF LIGHT

O. S. Pitiakov

O. M. Beketov National University of Urban Economy
Kharkiv, Ukraine

Annotation - It was established that photobiological
processes that arise under the influence of optical radiation
cause photochemical and thermal reactions in organisms.
Such reactions are directly related to the absorption of light
from natural and artificial sources of radiation. It is
established that the depth of penetration of optical radiation
depends on the wavelength. Radiation of ""blue light™ is the
most dangerous for the harmful effect on the retina and
affects melanopsin cells. Also, in the visible area of the
spectrum of artificial light sources, which are used for a long
time in the evening and night periods, there can be
dangerous '‘green light' as it is able to break the circadian
rhythm and create a hormonal imbalance. Thus, the
prolonged action of ultraviolet, visible and infrared radiation
on the eyes and skin can cause a gene mutation, burns,
disease and changes in the circadian rhythm. The article
analyzes and systematizes the possible consequences and
damage that may result from such an effect of optical
radiation.

Knrouosi cnosa- optical radiation, photobiological safety,
lamp, lamp system, exposition.

l. INTRODUCTION

The widespread use of LEDs in various areas of
lighting technology faces a number of tasks for scientists to
study, record and measure photobiotic radiation patterns. In
Ukraine, the discussion of this issue in scientific circles has
been taking place for some time, but the methods of
recording photobiological indicators are not sufficiently
worked out, and most importantly, when designing lighting
equipment for LED lighting, the parameters of
photobiological safety of radiation of lamps and lamp
systems are not taken into account at all. Therefore, the
development of general techniques and the creation of
laboratory plants for the study of photobiological
characteristics of radiation sources of light is an urgent
task. In some countries, similar installations have already
been established and relevant studies have been carried out.
The purpose of this publication is to analyze and
systematize the results and the main and determinants of
photobiological effects and photobiological safety arising
from the optical radiation of light sources, as well as the
features of their calculation and the accounting of their
indicators.

Il.  THE ANALYSIS OF RECENT RESEARCH AND
PUBLICATIONS

The current pace of the development and
implementation of LED technology in everyday life
requires review of existing requirements and standards for
their photobiological safety. This problem is raised by
scientists from different fields of science.

The scientific-theoretical and normative basis of
research and accounting of photobiological indicators of
radiation of solid-state light sources does not fully meet the
requirements of the present. This is evidenced by the
research and publication of both domestic and foreign
scientists. In particular, the problems of photobiological
action and photobiotic safety of radiation of light sources
were studied by L. Udovichich, F. Mainoush, M. Jansen,
D. Novak, G. Ott, V. Holbritter, V. Horak, V. Yordan, D.
Sliney, T. Okunov, G. Kozhushko, V. Kaptsov, E. Shutter
and others.

We will consider the research of the scholarsmore
detailed in the subsequent presentation of the article.

1. PRESENTING THE MAIN MATERIAL

Photobiological processes occurring in the body.
Photobiological  processes that cause certain
photochemical reactions in organisms are directly
related to the absorption of light from natural and
artificial sources of radiation. Any photobiological
process begins with the absorption of light quanta by
biological functional molecules and ends with
physiological reactions in the body and tissues. The
effect of optical radiation on a person is limited to the
perception of light by the eyes and the skin, and the
depth of penetration at the same time depends on the
wavelength. The perception of light with the eye is
accompanied by the conversion of light energy into the
energy of nerve impulses, and the perception of light by
the skin is accompanied by a change in its condition
and causes erythema, edema, tan, pigmentation, burn
and even skin cancer.

The influence of optical radiation can be described
by thermal and photochemical effects [1]. Thermal
effects occur, as a rule, in the long-wavelength region



of the visible spectrum and in the infrared region: the
molecules in the tissue cause vibrations, which leads to
the heating of the tissues. The heat that occurs in this
case is transferred to the surrounding tissue. Due to
increased local temperatures, damage to these tissues
may occur. In photochemical processes, the energy of
incident optical radiation is transformed not into heat
but into the energy of the chemical reaction. These
effects are generated by the energy of the photons,
especially in the visible spectral range and in the
ultraviolet (UV) radiation. Some biological molecules
absorb falling optical radiation, and, excited, release
their energy into an oxygen molecule. This creates a
reactive oxygen formula (singlet oxygen). It binds to
the surrounding tissues and generates free radicals that
have high reactivity with molecules of surrounding
cells, such as proteins or the genetic material of
deoxyribonucleic acid (DNA), which can lead to their
damage. Optical radiation, even in the short-wave UV
spectral range, has sufficient photon energy for direct
DNA damage by splitting the chemical bonds and,
accordingly, can destroy various DNA structures. Such
a DNA damage can be carcinogenic. As a result,
compulsory biological reactions, so-called “phototoxic"
reactions may occur.

The most vulnerable to damage from optical
radiation is the human eye. Optical radiation passes
through the cornea, the lens of the eye (lens) and the
vitreous body, then reflected on the retina and may
cause damage. Damage to the retina is particularly
dangerous and leads to significant visual impairment.
Damaged areas of the retina cause defects in the visual
field, deterioration of sharpness and color vision. And if
damaged blind spots in general, there may be complete
blindness. It is also worth noting that the optical
radiation in the infrared and ultraviolet spectrum also
focuses on the lens on the retina, but since it does not
have receptors that perceive this radiation, a person can
not feel it. Although such radiation can cause damage
that will be irreversible.

Thermal damage to the retina occurs when the
temperature exceeds 10 © C - 20 ° C by the pigment
epithelium of the retina from body temperature due to
absorption of optical radiation [2]. Such damage to the
retina occurs with a short exposure to radiation (less
than 10 s), and damage to the retina immediately begins
to be felt. Thermal damage to the retina is mainly due to
laser radiation. Photochemical damage to the retina
(photoretinitis) occurs during a longer period of
radiation (more than 10 seconds).

Ultraviolet and long-wave radiation is absorbed by
the cornea, conjunctiva and lens, so these eye areas are
most at risk. UV radiation can cause photochemical
reactions that lead to corneal inflammation
(photoceratitisy and / or conjunctiva (photo
conjunctivitis). External cells of the cornea and
conjunctiva are destroyed. Damage becomes noticeable
within 4-12 hours after exposure to the eye. Since all
epithelial cells are reproduced in the cornea and
conjunctiva, this damage is reversible. Recovery
usually takes a few days. Prolonged exposure to
ultraviolet radiation of low intensity leads to acute

corneal or conjunctival damage and can cause cataracts.
Photochemical reactions in pupillary cells alter the
structure of proteins (crystalline), which leads to
pigmentation of cells. Cells in the eye lens do not play,
so its damage is irreversible. As a rule, such damage
occurs with long-term exposure to radiation. For
example, the prolonged action of infrared radiation may
cause clouding of the lens, which is formed by the
condensation of its proteins. As T. Okun notes, the
temperature of the lens, at which there can be a thermal
cataract, is from 40 ° C to 45 ° C [3]. Such damage is
irreversible, it leads to complete blindness, but it is
treated surgically.

The depth of penetration of optical radiation into the
skin, as well as in the eye, also depends on the
wavelength. Most of the optical radiation in the range
of the UV spectrum is absorbed by the epidermis, and
the radiation in the visible and especially in the infrared
region penetrates much deeper. Although long-wave
infrared radiation is also absorbed by the epidermis.
Chronic lesion with ultraviolet light leads to premature
aging of the skin, causes temporary changes in its
pigmentation and erythema. Also, the prolonged action
of ultraviolet radiation on the skin can cause a gene
mutation and lead to skin cancer. Intense radiation in
the visible spectral range can lead to warming of the
skin and cause photosensitive reactions, and the effect
of intense infrared radiation can cause burns.

Summarizing information on the effects and damage
caused by the effects of optical radiation on the eyes
and skin of a person based on research results [4] on the
radiation exposure of light emitting diodes performed
by German scientists L. Udovichichem, F. Mainous, M.
Jansen, D. Novak and G. Otto is given in Table 1.

TABLE 1. POSSIBLE CONSEQUENCES AND DAMAGE FROM THE
EFFECTS OF OPTICAL RADIATION ON THE EYES AND SKIN
Spectrum range Eyes Skin
Short-wave ultraviolet Photoretite, Erythema,
(100-280 nm) photoconjunctivitis skin cancer

erythema
intensified

pigmentation
(pigmentation
of aging),
accelerated
processes
aging skin
skin cancer

Medium length wave Photocerat,
ultraviolet  (280-315 photoconjunctivitis
nm) cataract

tan
(rapid
pigmentation)
accelerated
processes
aging skin
skin cancer

Long length wave
ultraviolet cataract
(315-400 nm)

Photoretinite
(photochemical
damage to the retina),
photothermal
damage to the retina

Photosensitiv

Visible radiation .
e reactions

Photothermal damage Photosensitiv

Near infrared radiation - e reactions
(700 -1400 nm)) to the retina, inflammation
cataract .
of the skin
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Spectrum range Eyes Skin
Ave_:ra_ge infrared ) Catar_act, Inflammation
radiation inflammation of the of the skin
. (1400 - 3000 nm) cornea
Far infrared. .

. . . Inflammation
radiated Corneal inflammation of the skin
(3000nm — 1mm)

As you know, visual sensations arise due to
photochemical reactions occurring in photosensitive cells
which are sticks and cones. However, in addition to sticks
and cones in the retina of the eye, there is another
photoreceptor that are internal photosensitive ganglion
cells. They do not perform the visual function, and together
with melanopsin, which is receptor protein, transmit
information about the level of illumination to the
superhismatic nucleus, which control the release of the
hormone melatonin from the pineal gland, and thus
responds to the day and night rhythm.

Synthesis of melatonin begins at dusk and promotes
sleep, morning light suppresses its formation. Thus, the
reduction or increase in the level of melatonin is controlled
by the amount of light that enters the eye. Melanospin is
most sensitive in the blue region of the spectrum. This is
evident from the dependence of its relative spectral
sensitivity on the wavelength of optical radiation (Fig. 1).
In this connection, the formation of melatonin is most
depressed by a wavelength of 450-480 nm, and the blue
color becomes dangerous at night.

Not only melanopsin cells, but also sticks and cones
influence the circadian rhythm. At the same time, cones are
excited and begin to work under the influence of long-wave
optical radiation, while melanospins cells are excited by
short-wave radiation. After a certain period of radiation
cones stop affecting the sleep, and melanopsin cells will be
active throughout the duration of the radiation. Even
people who have visual impairments whose sticks and
cones do not work, circadian rhythms are not disturbed due
to the action of retina melanopsin cells, which continue to
respond to the level of ambient light and transmit
information to the suprachasmatic nucleus. It regulates the
circadian rhythm, daily fluctuations in the level of
hormones, gene expression, body temperature, digestive
activity, etc. [5].
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Fig. 1. Spectral sensitivity of melatonin perception

It has also been established that the retina of the eye
becoming older has changes that can lead to disturbance of
circadian rhythms. Therefore, deterioration of elderly
people’ vision can lead to chronic disecases. With age, the
lens passes fewer rays of light, which leads to a decrease in
the function of the suprachiosmatic nucleus. Therefore, the
level of illumination for each age group of people plays an
important role and acts on the body not only on the sensory
level, but also on the hormonal, which in turn affects the
general health of the organism.

As you know, solid-state light sources with a spectrum
of radiation in the short-wave region (blue) are the most
common. Therefore, taking into account photobiological
effects on the body of blue light and the dangers associated
with radiation of solid-state light sources, these studies are
relevant and are widely discussed by scientists from
various fields of science from different countries.

Parameters of photobiological safety of radiation of
light sources. The determining factors for establishing the
photobiological safety of a light source are the theory of
risks and the methodology for quantifying the limits of
exposure to hazardous blue light on the retina of the eye
[6]. In this case, the limit values of photobiolecular safety
indicators are calculated for the specified irradiation limits
of the pupil diameter - 3 mm (pupil area 7 mm2). For these
parameters of the pupil, the function B (A) was defined -
the spectral function of the danger of blue light (Fig. 2).

To assess the photobiological safety of light sources in
the visible spectrum, the International Commission on
Illumination CIE has implemented the standard IEC 62471
"Photobiological safety of lamps and lamp systems"
[4,7,8]. According to this standard, light sources are
divided into four groups:

Zero risk group (no risk). The effects of radiation from
such light sources may occur after 10,000 seconds or more.
These include: incandescent lamps, plasma and halogen
lamps.

First risk group (low risk). The maximum exposure
time is between 100 and 10,000 seconds. This group
includes all types of lamps except incandescent lamps.

The second risk group (moderate risk). The maximum
radiation exposure is possible in the range from 0.25 to 100
seconds. It also includes all types of lamps except
incandescent lamps.

Third Risk Group (High Risk). The time of impact does
not exceed 0.25 seconds. This group also includes all types
of lamps except incandescent lamps.

The basic requirement of this standard is that people
should not be irradiated from lamps and lamp systems to a
level that exceeds the limits set by the standard. Also
introduced is the concept of actinic dose - the magnitude
obtained by the spectral assessment of the dose in
accordance with the values of actinic action of a certain
wavelength.

In Ukraine, on the basis of this standard, the standard
DSTU IES 62471: 2009. The standard sets limits for
exposures (GAEs), which should not be exceeded when
using lamps and lamp systems in accordance with the
above mentioned risk groups [7]. I'3E are conditions under
which it is supposed that almost every person can
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AHAJII3 ®OTOBIOJIOITHHHUX ITPOLECIB I
MNOKA3HUKIB ®OTOBIOJOI'TYHOI BE3IIEKH
JOKEPEJIA BUTIPOMIHIOBAHHA

O.C. IliTsixoB
XapkiBChbKHI HallIOHAJILHUH YHIBEPCUTET MickKoro rocrnojapcrsa iMmeHi O. M. bekeroBa
M. XapkiB, YkpaiHa

Bcemanoeneno, wo pomobionoziuni npoyecu, wjo UHUKAIOMb IO 6NAUBOM ORMUUHO20 BUNDOMIHIOBAHHS,
sUKIUKarOmMs pomoximiuni ma mennosi peakyii 6 opeanizmi. Taxi peaxyii 6e3nocepedtbo no08'si3aui 3 NOCIUHAHHAM
C6imna i0 NPUPOOHUX i WMYYHUX 0dicepe GUNPOMIHIOeanHsA. Bcmanoeneno, wo enubuna npoHuKHeHHs onmuyHo20
BUNPOMIHIOBAHHSL 3ANEAHCUMDb 810 00B8JCUHU X6uUNi. Bunpominoganus "cunvoeo ceimna" naibinvu Hebe3neyno 01s
WIKIONUB020 GNIUBY HA CIMKIBKY I 8padCAE KAIMUHU Meaanoncuna. Takoc y uoumii 0bnacmi CRekmpy wmy4Hux oxcepei
C8IMa, AKi BUKOPUCTNOBYIOMbC MPUBANUL YAC Y 8eYipHill I HiuHull nepiodu, modice bymu Hebesneunuii "3enene ceimno”,
MaxK 5K 6iH 30aMHUL NOPYULYBAMU YUPKAOHUL PUMM | CIBOPI08AmU OPMOHATbHUU Jucbananc. Takum uunom, mpugana
0ist y1bmpagionemogozo, UOUMO20 Ma IHPPAYEPEOHO2O GUNPOMIHIOBAHHS HA OYL | WIKIPY MOJICe BUKIUKAMU MYMAYit0
2eHi6, ONIKU, 3aXBOPIOGANHS | SMIHU YUPKAOHO20 pummy. Y cmammi ananizylomscs i Cucmemamu3syiomsCs MOJICIUBIE
HACNIOKY | NOWKOONCEHHSL, SIKI MOJICYMb UHUKHYMU 6 Pe3yIbmami mako2o 6nauy ONmui4H020 GUNPOMIHIOBAHHSL.

Jlemepminanmamu ecmanoenenns pomoodionoziunoi Oesnexu dxcepena ceimna € Teopis pusukie i Memoooa02is
KIIbKICHOI OYIHKU MediC 8NIUBY HeOEe3neUH020 CUHbO20 C8IMIA HA CIMKIGKY oka. Tomy 6 cmammi maxooic po3ensioaemocs
Kaacughixayis spyn pusuky oas aamn i cucmem aamn. Cmanoapmu GUsHAYAOMs SPAHUYHI SHAUEHHSA ONPOMIHEHHA-YMOBU,
npU AKUX 66AICAEMBCA, WO NPAKMUUHO KOJHCHA IOOUHA MOJICe RIO0A8AMUC DA2amopa3zo60mMy OnpoMiHeH o be3
HEe360POMHUX HACHIOKIG 07151 300p08's. OCHOBHA 8UMO2a CMAHOAPMIE NOJAAE 8 MOMY, WO TOOU He NOBUHHT NIOOA8AMUCS
BNIUBY IAMA MA CUCMEM OCBIMIEHHA NOHAO MEMHC, 6CMAHOGIEHUX CIAHOAPMOM 015 2Py pusuky. Posenanyma memoouka
PO3PAXYHKY eHepeemUuuHOI ACKPAGOCMI GUNPOMIHIOBAHHS 0JdCepell CEIMAA 3a PIZHUX YMOE CHOCMEPEINCEHHS |
MAKCUMATLHO OONYCIMUMO20 HACY eKCNOo3uyii Oid BUSHAYEHHS NApamempie pomoximiuHo2o nowKoodicen s oka. /s
BUSHAYEHHSI NAPAMEMPIE MONCIUBO20 MEPMIYHO20 NOUWKOOICEHHS, CIMKIBKU 810 UNPOMIHIO8AHHS 0Jicepena ceimia
PO32NAHYMO MEMOO 8U3HAUEHHS eHep2eMUYHOI ACKPABOCMI ONiKOBOI Hebe3neKu.

Kniouosi cnosa: onmuune gunpominioganns, pomobionociuna 6esnexa, 1amna, 1amno8a CUcmema, eKCnosuyis. .
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AHAJIN3 ®OTOBNOJIOT MYECKHUX ITPOLIECCOB
U NOKA3ATEJEN ®OTOBHOJOI'MYECKOMN
BE3OHHACHOCTU UCTOYHUKA U3JIYUYEHUSA

A.C. TlutsxoB
XapbKOBCKUI HAIlMOHANBHBIA YHUBEPCUTET TOPOACKOro xo3siicTea uMeHu A. H. bekerosa
r. XappKoB, YKpauHa

Yemanoeneno, umo pomobuonocuueckue npoyeccol, o3nuKarOwue noo 8030eUCmMeUeM ORMULECKO20 U3YYeHUs,
6bI36I6AION (POMOXUMULECKUE U MENT08ble peakyul 6 opeanuzme. Taxue peakyuu HANPIMYIO C653aHbl C NO2IOUWEHUEM
c8ema om eCmeCme@eHHbIX U UCKYCCTNEEHHbIX UCHIOYHUKOG USTYYEeHUs.. YCMaHogneHo, Yymo 2nyouna npoHUKHO8eHUs
ONMUYECKO20 U3TYYeHUsl 3a8UCUm Om OIUHbL 60HbL. M3nyuenue "cuneeo ceema’ naubonee onacHo 0as 6peoHo20
6030€licmeUst Ha CemuamKy U nopasicaem Kiemku meranoncuna. Taxoce 6 BUOUMOU 0OIACMU CREKMPA UCKYCCIGEHHbIX
UCMOYHUKOB C8EMA, KOMOPbLE UCNOb3VIOMCS OIUMENbHOE 8DEMs 8 BeHePHULL U HOYHOL RepUuoObl, MOdcen Oblnb
Onacnuiil "3enenviil céem’”, maxk Kax o cnocoben Hapyuams YupKaoHvlll pumm u co30a8ams 20PMOHANbHbIU OUCOANAHC.
Takum obpazom, onumenvHoe delicmeue YIbmpaguonemosozo, GUOUMO20 U UHDPAKPACHO2O U3LYHEHUsL HA 2A3a U KOXCY
MOJICEM 8bL38AMb MYMAYUIO 2EHO8, 0ICO2U, 3A00NE6ANUSL U USMEHEHUS. YUPKAOHO020 pumMd. B cmamve ananusupyromes u
CUCMEMAMUSUPYIOMCS 803MONCHBLE NOCIEOCMBUSL U NOBPENCOEHUS], KOMOPble MOZYM BO3HUKHYMb 8 PE3YIbmane maxkozo
6030€liCBUsL ONMUYECKO20 U3TYYUEHUSL.

Hemepmunanmamu ycmanosienusi pomoouono2udeckoil 6e30nacHoCmu UCHOYHUKA C8ema SIGNSIOMCS Meopust
PUCKOS8 U MEMOOOI02USL KONUUECTNEEHHOU OYEHKU NPedenos GIUsSIHUSL ONACHO20 CUHE20 C6Emd HA CEMYAamKy 21d3d.
Tloomomy 6 cmamve maxoice paccmampueaemcs, KiaccuQurayus spynn pucka oist iamn u cucmem aamn. Cmanoapmol
onpeoesiiom npeoeibible 3HaUeHUst 0OIYUEHUsL-YCO6UL, NPU KOMOPBIX CYHUMACMCSL, YMO NPAKMUYECKU KAICObI YeNl06eK
MOdHCem NO08eP2amvb sl MHOLOKPAMHOMY 00NyUeHuro 6e3 HeoOpamumblx nociedcmautl 01 300pogvi. OcHo8HOe
mpeboganue Cmandapmos 3aKI04aemcs  mom, Ymo 00U He 00IIHCHbI HOOBEP2AMbCSL B030€LCMBUIO 1AMN U CUCTHEM
ocsewenus ceepx npeodenos, YCMaHOGIeHHbIX CIMAHIapmoMm OJisi 2pynn pucka. Paccmompena memoouxa pacyema
IHep2emuUIecKoll APKOCMU U3NYYEHUs UCHOYHUKOS C8eMA NPU PA3IULHBIX YCIOGUSX HAOIIOOCHUS. U MAKCUMATILHO
00NYyCMuMO020 8pemeH IKCRO3UYUU OJisk ONPedeieHUs. NApaMempos YOMoOXUMUYECKO20 NospedicOeHus 2nasa. /s
onpeodenenusi napamempos 03MONCHO20 MEPMULECKO20 NOBPENCOCHUSI CEMYAMKU OM ULYHUEHUsL UCTOYHUKA c6ema
PAccmMompen Memoo onpeoesieHust SHeP2eMu4ecKol APKOCMU 0ACO2080U ONACHOCHI.

Knrwouesvie cnosa: onmuyeckoe uziyuenue, pomoduonocuseckas 6€30nacHoCmy, 1amMnd, 1amMno8ads CUCmemd,
IKCROZUYUS. ..
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