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We assessed health risks for operators who had to live in mobile houses in the Arctic regions. Inadequate lighting is a 

most significant factor related to housing conditions that can cause various pathologies resulting in decreasing working 
capacity. We revised data on impacts exerted by luminous and LED lighting on operators and it allowed us to determine 
reasons for “aftereffects” produced by LED lighting regarding an increase in latency in No. 95 pattern electroretinogram 
(PERG); this latency characterizes a situation with ganglionic cells in the visual analyzer. We put forward a hypothesis that 
lower “inhibition” efficiency was caused by absorption of blue light within 380–450 nanometers range, and an increase in 
PERG P50 amplitude was caused by an additional increase in Na+, Ca+ ions flows when ChR2 protein absorbed excessive 
470 nm blue light against a blue light dose in a luminous lamp spectrum.  

We showed that there were practically no changes in operators’ health after they had been exposed to dynamic LED 
lighting; however, all the participants in the experiment had a W-like splitting in P100 peak in visually induced cortical po-
tentials as a response to stimuli with different angle sizes. When ganglionic cells are exposed to blue lighting, interaction 
between their degrading mitochondria and astrocytes becomes very important. LED lighting results in damage to mitochon-
dria in ganglionic cells. Mitochondria are moved to the optic nerve head to be utilized where they are absorbed by astrocytes 
and eliminated with their lysosome. Should a speed of degrading mitochondria inflow exceed a speed at which they are util-
ized, it will cause mechanic strains in fibers of the optic nerve head due to “mitochondria jam”; this, in its turn, can lead to 
long-term disorders in the optic nerve head and glaucoma occurrence. 

We formulated recommendations for the State Standard 23274-84 “Mobile houses. Electrical appliances. Overall 
technical conditions” and advised applying semi-conductor white light sources in them as they had a biologically adequate 
irradiation spectrum.  

Key words: mobile houses, LED lighting, blue light, optic nerve, mitochondrion, astrocyte, glaucoma, biologically 
adequate irradiation spectrum. 
 

 
 The Arctic zone is naturally essential for 

the Russian Federation; development of the re-
gion is truly vital bearing in mind not only fu-
ture prospects but also outstanding economic 
tasks the country is to solve at present. The 
Arctic zone is an essential border outpost where 
our northern borders are protected. Today, there 
is a base built by the RF Defense Ministry on 
Zemlya Aleksandry, an island belonging to the 
Zemlya Frantsa-Iosifa archipelago. The base is 
called «The Arctic trefoil». Overall, the De-
fense Ministry is planning to build 6 military 
settlements, 13 airfields, a land aviation range, 
and 10 technical facilities for radar stations and 
targeting points in the Arctic zone. These bases 
are planned to provide placement for several 

thousand military personnel; these people will 
have to spend most part of a year in the region 
during the polar night and live with artificial 
light only with its spectrum not being similar to 
that of sunlight. 

Poor lighting quality is known to be able to 
cause a shift in a circadian phase, especially 
when it is combined with sleep disorders at 
night. Poor lighting during a day can also cause 
somnolence. A human body requires both peri-
ods with bright lighting and periods of darkness 
during a day in order to maintain an optimal 
daily rhythm. Should this rhythm be disharmon-
ized, it can result in both physiological changes 
and health disorders and, consequently, lower 
working capacity and intellectual abilities. 
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Some say, that Diogenes, an ancient Greek 
philosopher, was able to develop his talents due 
to living in a tub. Dozen thousand people work-
ing in the Arctic zone have been living in com-
fortable and warm metallic «tubs», an all-metal 
cylinder-like unified block; sometimes they felt 
themselves being «contemporary Diogene-
ses…» [1]. 

Life-giving light makes a tub a true home 
for a person and exerts favorable influence on 
his or her health and creative abilities. 

An idea to live in well-lit cylinder-like 
houses turned out to be quite feasible and prac-
tical. It found its implementation in the arctic 
zones, space, and sea depths. A cylinder-like 
shape provides high security during transporta-
tion in areas without good roads, minimal 
quantities of metal required to make it, mini-
mal labor and other costs as well. 

TSUB-2M housing module has become 
widely spread as it is equipped with all necessary 
communal utilities and can provide accommoda-
tion for 4 people who work on shifts in the arctic 
regions and other remote areas. TSUB-2M 
houses are also used in the army where they 
serve as accommodation for military personnel 
in unpopulated areas. All-metal complete unified 
blocks for military personnel have an advantage 
related to their readiness to provide accommoda-
tion immediately as they are equipped with all 
necessary appliances, such as folding sleeping 
berths, tables, and sanitary units. 

All the above mentioned peculiarities al-
lowed providing maximum possible comfort 
for people living in TSUB-2M blocks in 
northern regions with filament lamps being 
their only light source.  

Figure 1 shows a layout of a modern mo-
bile building that can provide accommodation 
for 8 people; there are two basic models, 
«САВА А8» 8х2.4 or «САВА А8» 8х2.8 [2]. 

To light TSUB blocks, different lighting 
sources were applied, starting from filament 
lamps and on to luminous and energy-saving 

lamps; they were then replaced by LED light-
ing. In 2018 a state standard GOST 23274-841 
was approved; its authors made provisions for 
used of LED lighting. Item 3.4.4 in the said 
document fixes that «to provide electrical light-
ing inside a building, one, as a rule, should use 
lighting appliances with luminous and LED 
lighting sources. It is also permissible to use 
filament lamps in case it is impossible to use 
the above mentioned lighting sources». But it 
raises an issue whether it is truly advisable and 
permissible to apply too bright LED lighting 
sources in rooms with low ceilings as per 
GOST 22853-862; according to the said docu-
ment, dimensions of container housing should 
correspond to values given in Table 1. 

 
Figure 1. A possible TCUB layout for 8 people equipped 
with two-tier sleeping berths and energy-saving lamps 

It is very important to estimate whether 
luminous and LED tubes are photobiologically 
safe in case of mobile houses with low ceilings 
(2,200 mm height); they should correspond to 
IEC 62471:20133 standard. When a room 
height is equal to 2,200 mm, lamps are too 
close to human eyes. And when photo-safety is 
estimated, it is very important to assess de-
pendence between basic luminance of a light-
ing source and a distance between it and hu-
man eyes. Such dependences were obtained 
for a 200 mm distance and further on to 
1,000 mm distance in works by F. Leccese et 
al. [3]; the results are given on Figures 2 and 3.   

__________________________ 
 
1 GOST 23274-84 Mobile buildings (inventory buildings). Electrical units. Overall technical conditions. GOSTs database. 

Available at: https://allgosts.ru/91/140/gost_23274-84 (12.04.2019) (in Russian). 
2 GOST 22853-86. Mobile buildings (inventory buildings). Overall technical conditions. KODEKS: an electronic fund for 

legal and reference documentation. Available at: http://docs.cntd.ru/document/gost-22853-86 (12.04.2019) (in Russian). 
3 GOST IEC 62471-2013. Photobiological safety of lamps and lamp systems. Normaks. The system of standards. Avail-

able at: http://www.normacs.ru/Doclist/doc/12080.html (12.04.2019) (in Russian). 
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T a b l e  1  
Length A building Width 3,000 6,000 9,000 12,000 Height* 

Towed** with non-detachable 
running gear 
Transported*** and towed with 
detachable running gear  

2,500 
3,000 
3,000 

+ 
– 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

– 
+ 
+ 

Not less than 2,200
The same 2,400 

 

Note: 
* means height of a room inside a block-container is a distance taken directly from the floor to the ceiling. Should 

a ceiling be not rectilinear, height is taken as per an average value between the maximum and the minimum one; 
** towed buildings are those equipped with their own non-detachable or detachable running gear; 
*** transported building are those that are not equipped with a running gear (block-containers). 
 

 
Figure 2. Overall features of a Led Tube lamp and a luminous lamp 

 
Figure 3. Basic luminance LВ within blue light range:  
a comparison between LED (dark grey) and luminous 
lamps (light grey) with different color temperatures  

at a distance equal to 0.20 meters 

 
Figure 4. Dependence between basic luminance LB  

of LED tubes and luminous lamps with color 
temperature 6,000K and a distance to the eye [4] 
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Figure 4 shows dependence between 
weighted luminance LB of blue light and a dis-
tance between a lighting source and the eye. 

When a person’s height is 180–190 cm and 
a ceiling is 210–220 cm (2,100–2,200 mm), 
a minimal permissible distance between the 
eyes and a LED lamp that is photobiologically 
safe should be not less than 50 cm. Such TSUB 
dimensions are comparable to dwelling units at 
space stations and cabins aboard a ship. 
L.V. Bazyleva et al. [5] and V.N. Bolekhan 
et al. [6] state that working out optimal lumi-
nance regimes and giving scientific grounds for 
a possibility of their long-term use in closed 
objects is a vital practical task not only for the 
space brunch but also for other spheres of hu-
man activities. 

Nowadays it is well known that irrational 
lighting is a most significant factor related to 
dwelling as it can lead to development of vari-
ous pathologies accompanied with reduced 
working capacities4. 

A blue component (440–460 nm) has the 
greatest photochemical activity regarding the 
retinal pigment epithelium. This component 
prevails in irradiation spectra of modern white 
LEDs; therefore, many researchers consider 
LED lamps being potentially hazardous [7]. 
Overwhelming majority of literature data indi-
cating that LED lighting is photochemically 
dangerous have been obtained via experiments 
on animals. 

Thus, experiments performed on Japanese 
quails (Coturnix japonica) revealed that expo-
sure to light from blue LEDs resulted in changes 
in the choroid as well as photo-induced changes 
in sub-cellular structures of the retinal pigment 
epithelium. Those experiments also showed that 
moderate blue LED lighting (440–460 nm) led 
to 1.5 times greater loads on the retina metabo-
lism in young animals (against filament lamps); 
those loads resulted in accelerated ageing of the 
retina and reduced functional activity of the 
blood-retinal barrier structures [8].  

Results of those experiments confirm a hy-
pothesis that a blue part in the spectrum has 

more apparent ability to do photochemical dam-
age to the retina than yellow-green and red ones. 

However, some foreign and Russian ex-
perts [8] believe that results obtained via ex-
periments on animals can’t be directly extrapo-
lated on people due to apparent morphofucn-
tional differences of their visual analyzers as 
well as due to laboratory conditions not corre-
sponding to the natural lighting environment 
people live in. 

There have been few experiments involv-
ing human participants and they mostly fo-
cused on examining melatonin levels during 
nighttime. The administration of the RF De-
fense Ministry Central Research Institute were 
the first to raise an issue related to obligatory 
certification of LED lighting sources as per 
medical standards. But it turned out to be im-
possible to fulfill such a task in 2007 at the 
expense of the RF Defense Ministry. In 2008 
the US Department of Defense set a task to 
perform a research work entitled SB082-055 
«A Spectrally Dynamic Berth Light for Active 
Circadian Cycle Management» [9]. The costs 
on this research amounted to $98,990.00. The 
research clearly indicated that working capaci-
ties of military personnel serving on a US 
Navy ship changed considerably under short-
term exposure to blue part in the light spec-
trum [10, 11]. 

LED lighting sources used on US Navy 
ships were developed by Energy Focus Com-
pany that signed a governmental contract 
worth $ 1,600,000,000.00. Roger Buelow, the 
leading researcher at the company, noted that 
«The repeated DARPA research revealed how 
a daily rhythm developed under influence ex-
erted by improved lighting provided for the 
Navy. Those lighting sources regulated their 
spectrum during a day in order to improve 
sleep and performance and it is especially im-
portant regarding military personnel who are 
to be ready to operate round the clock» [12]. 

A thesis for the Candidate of Medical 
Sciences by A.E. Smoleevskii4 is one of the 
latest works focusing on impacts exerted by 

__________________________ 
 
4 А.Е Smoleevskii. Mental performance of an operator working under LED lighting with different spectral and energetic 

properties: a thesis for Candidate of Medical Sciences degree. Moscow, GNTS RF-IBMP Publ., 2018, 133 p. (in Russian). 
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LEDs on mental performance of an operator 
that turned out to be quite interesting for us. 

The research was performed in the RF 
State Scientific Center – RAS Institute for 
Medical and Biological Issues in 2014–2015; 
it was a part of a long-term complex experi-
mental research program entitled «Tests of 
LEDs for pressurized chambers that are to be 
used in space crafts and assessment of psycho-
physiological effects produced by such use». 
The research was accomplished on samplings 
made up of healthy male volunteers; there 
were two stages in it involving permanent and 
dynamic lighting during 12 days.  

Background parameters of mental per-
formance and psycho-emotional state were es-
timated under luminous lighting with its colo-
rity being equal to 4,000K («neutral white» 
light). Lamps were located in a chamber with a 
limited volume in such a way that they could 
create lighting levels corresponding to the ex-
isting standards5  and were comparable to 
lighting levels equal to 200 luxes created by 
experimental LED lamps. After-effects: pro-
duced by LED light were also assessed under 
luminous lighting. 

The first stage involved assessing psy-
chophysiological effects produced by perma-
nent LED lighting created by board lighting 
sources CCD301, CCD305, and CCD307. 
CCD301 lighting sources were installed in toi-
lets and passages; CCD305 and CCD307 light-
ing sources, in dwelling and medical units. 
Correlated color temperature (CCT) of the 
lighting system amounted to 4,000K, and lu-
minance was equal to 200 luxes. Hence opera-
tional spectral and energetic properties of 
CCD311 lighting sources changed within a 
wide range, mental performance of operators 
was assessed at two CCT values, 4,000–5,000К 
and 8,000±800К4. 

Unfortunately, the thesis doesn’t contain 
any data on spectral and energetic properties 
of CCD301, CCD305, CCD307, and CCD311 
LED lamps; there are only data on LEDs ap-
plied in lighting sources manufactured by 

CREE and Seoul Semiconductor companies. 
To hygienically assess spectral properties of 
applied lighting sources, we have to rely on 
spectra of LEDs produced by CREE (Figure 5).  

 
Figure 5. Spectra of LEDs produced by CREE 

We can assume that spectra of applied 
LED lamps had little difference from the LED 
lamps produced by the said companies pro-
vided that «NII Mikropriborov» Scientific 
Center LLC that produced those LED lamps 
didn’t apply any specific procedures aimed at 
adjusting LED spectra.  

A spectrum of a LED lamp produced by 
CREE Company and shown in Figure 5 allows 
assuming that: 

– this spectrum has an increased dose of 
blue light against hygienically safe sunlight 
under the same luminance; 

– the maximum in the spectrum is at 450 
nm blue light and it exerts negative impacts on 
the retina (on synapses in the dendritic field of 
ganglionic cells in the retina optic channel); 

– blue light that produces its effects on 
ganglionic cells in the eye is equal to 60% of 
the maximum blue light value that is 450 nm; 
so, effects produced on the hormonal system 
(melatonin and hydrocortisone concentrations) 
and comfortable sleep are not so apparent; 

– bearing the eye physiology in mind, we 
should remember that it is ganglionic cells and 
their dendritic field that are the first to per-
ceive blue light. Excessive blue light dose ex-

__________________________ 
 
5 GOST R 50804-95. The dwelling environment of an astronaut in a manned space craft. Overall medical and tech-

nical requirementsю KODEKS: an electronic fund for legal and reference documentation. Available at: http://docs.
cntd.ru/document/gost-r-50804-95 (12.04.2019) (in Russian). 
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erts its impacts on performance of ganglionic 
cells that perceive signals from other photo-
sensitive retina cells reacting to light stimuli; 

– there is a clear dip at 480 nm in the spec-
trum. Photon flow of 480 nm light-blue light is 
responsible for managing the pupil diameter 
and holding it closed. A dilated pupil exposed 
to LED light can’t limit light flow with exces-
sive blue light dose. 

Authors of the research work [13] revealed 
dependence between the pupil diameter and 
luminance for LEDs with their spectrum given 
in Figure 5 (Figure 6). 

 
Figure 6. Dependence between the pupil  

diameter and luminance [13] 

When overall illumination is equal to 
200 luxes, luminance from a white sheet of 
paper is equal to less than 100 cd/m2. It means 
that the pupil diameter will be greater than 
3.5 mm. When the eye is exposed to such il-
lumination and irradiation spectra, we can as-
sume there is an elevated risk of «after-effects» 
in accommodative apparatus functioning, sto-
chastic effects in retinal cells functioning, and 
changes in mental state of a person caused by 
excessive doses of blue light (from 4,500K to 
8,000±800К). 

Table 2 contains aggregated data on 
mental state of operators exposed to LED 
lighting with different lighting regimes. The 
examination was performed as per «Profile of 
mood» procedure, a Russian analogue of 
«Profile of mood states» questionnaire which 
is widely used in isolation and space-related 
experiments4. 

The given data clearly indicate that LED 
lighting exerts significant influence on mental 
state of some operators and it can result in 
negative consequences in small teams working 
in closed spaces. It is truly important to under-
stand significance of these results for keeping 
a favorable working atmosphere among people 
fulfilling challenging tasks under grave condi-
tions in the arctic zones or in sealed cabins 
(a space craft). 

As per results obtained via completed 
examinations, the author pointed out that 
there was a decrease in certain functional pa-
rameters: 

– relative accommodation reserves (by 
14.3% as per median); 

– aggregated field of vision border be-
tween blue and green color (by 6.3% and 9.1% 
as per median accordingly) without any subjec-
tive symptoms occurrence. However, there was 
a decrease in critical light flicker frequency in 
25% operators after exposure to LED lighting 
(Operator No. 3 by 4 arbitrary units, up to 42/42 
after 38/38, Operator No. 6 by 3 arbitrary units, 
up to 45/45 after 42/42)4. 

It is interesting to examine a pattern-
ERG (PERG) that characterizes functions of 
the direct sight (P50) and ganglionic cells in 
the retina (N95) [14], Pattern-electroretino-
gram (PERG) is the most sensitive test to de-
termine ganglionic cells function. When a 
person suffers from primary open-angle glau-
coma (POAG), there is primary damage to 
ganglionic cells [15]. The work [15] contains 
data on (P50) and (N95) values in patients 
with primary glaucoma. The research was ac-
complished in a consulting polyclinic of the 
Republic Clinical eye Hospital in Kazan and 
involved examining 21 patients suffering 
from POAG. Aggregated results of the first 
measurements are given in Table 3. 

A form of PERG signal response was 
standardized by ISCTV (International Society 
for Clinical Electrophysiology of Vision)6. 
A standard response is given In Figure 7 that 
shows Р(50) and N95 levels characteristic for 
primary glaucoma. 

__________________________ 
 
6 Standards, Guidelines and Extended Protocols. International Society for Clinical Electrophysiology of Vision. Available 

at: https://iscev.wildapricot.org/standards/ (12.04.2019) (in Russian). 
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T a b l e  2  
Mental performance of operators working under LED lighting 

Number of operators with changes in their mental performance (changes 
in parameters fixed in arbitrary units) in comparison with reference groups 

(working under luminous lighting) Parameter scales Mental performance under LED 
lighting with permanent spectral 
and energetic properties (permanent 
LED lighting  4,000К) 

Profile of moods specific for an operator 
under LED lighting with changing spectral 
and energetic properties (dynamic LED 
lighting, 4,000–5,000К and 8,000±800К) 

“Anger – hostility” Increased by 3 a.u. in 2 operators  
Decreased by 2–4 a.u. in 3 operators 
No changes in 5 operators 

Increased by 10–20 a.u. (by 2–3 times) 
in 5 operators 
Decreased by 2–3 a.u. in 2 operators  
No changes in 1 operator  

“Depression – gloom” Decreased by 1–3 a.u. in 2 operators 
Increased by 1–3 a.u. in 2 operators 
No changes in 6 operators 

Decreased by 3–6 a.u. in 2 operators  
Increased by 1–3 a.u. in 3 operators  
No changes in 3 operators  

“Fatigue – inertia” Increased by 2–9 a.u. in 4 operators 
Decreased by 1–3 a.u. in 4 operators 
No changes in 2 operators  

Increased by 2–9 a.u. in 3 operators  
Decreased by 2–4 a.u. in 3 operators  
No changes in 2 operators  

“Vivacity – activity” Decreased by 2–8 a.u. in 6 operators  
Increased by 1–6 a.u. in 3 operators  
No changes in 1 operator 

Decreased by 2–8 a.u. in 3 operators  
Increased by 2–5 a.u. in 2 operators  
No changes in 3 operators  

“Stress – anxiety” Increased by 1–4 a.u. in 4 operators 
Decreased by 1–7 a.u. in 4 operators 
No changes in 2 operators 

Increased by 5–12 a.u. in 4 operators 
Decreased by 1–3 a.u. in 2 operators  
No changes in 2 operators  

“Confusion – uncertainty Increased by 3 a.u. in 1 operator 
Decreased by 1–2 a.u. in 5 operators 
No changes in 4 operators 

Increased by 1–10 a.u. in 4 operators 
Decreased by 1–2 a.u. in 3 operators  
No changes in 1 operator 

Integral mood parameters – 
“Overall changes in mood”

Increased by 5–25% in 5 operators 
Decreased by 15–20% in 4 operators 
No changes in 1 operator   

Increased by 30–230% in 5 operators 
Decreased by 5–30% in 3 operators  
No operators without changes  

 
T a b l e  3  

PERG parameters in patients with primary 
glaucoma 

PERG parameters Prior to treatment 
Р(50) Latency ms 74+

-3.3 
N(95) Latency ms 118+

- 4.2 

 
Figure 7. A standard response with given Р(50) and N95 

values characteristic for primary glaucoma [16, 17] 

V.V. Egorov et al. give normal PERG re-
sponses in their work [18] (Figure 8). 

This response pattern contains two basic 
components, a positive one approximately at 
50–55 ms (P50) and negative one approxi-
mately at 85–90 ms (N95).  

Latency parameter is the most informative 
in our case. It should be noted that latency re-
serve in a standard PERG N95 parameter is 
rather small and is equal to 23 ms; it is quite 
comparable to that of P(50) parameter which is 
equal to 24 ms. These reserve can be spent 
over years in patients’ life. 

Table 4 contains aggregated results ob-
tained via PRG examination from the research 
work [18]. 

The given data show that latency time 
grew from 2 ms to 19–28 ms as per N95 pa-
rameters under LED lighting with color tem-
perature being higher than 4,000K but lower 



V.A. Kaptsov, V.N. Deinego 

Health Risk Analysis. 2020. no. 1 184 

 
Figure 8. Standard ERG pattern [18] 

T a b l e  4  
Aggregated results of PERG examination 

Cells sizes 
0.8 о 

Cells sizes 
0.3 о Operator Eye Exposure 

stage Р50 
T(ms) 

№95 
T(ms) 

Р50 
T(ms) 

№95 
T(ms) 

before 48.3 81.7 55.7 98.3 right eye after 53.9 101.4 55.7 105.7 
before 52.8 96.5 50.4 95.5 1 

left eye after 52.1 108.1 55.3 105.3 
before 50.4 88.4 50 92.3 right eye after 50.4 108.1 58.1 111.8 
before 51.1 87.7 54.6 92.6 2 

left eye after 50.7 108.1 56 98.3 
before 53.9 108.5 54.2 97.9 right eye after 57.1 98.3 50 89.5 
before 52.5 89.8 54.6 96.9 3 

left eye after 55.3 117.3 60 98.3 
before 53.2 92.6 53.5 96.9 right eye after 52.5 108.8 53.9 98.3 
before 49.3 92.6 53.5 97.6 4 

left eye after 52.1 104.6 51.4 87.7 
 

than 8,800K. This «after-effect» persisted in 
measurements performed by experts from the 
Clinical Eyesight Physiology Department at 
Helmholtz’ Moscow Scientific Research Insti-
tute for Eye Diseases of the RF Public Health-
care Ministry4. 

Examining biological effects produced 
on a person by light remains a vital issue in 
lighting hygiene. Experiments performed at 
cellular, biological, and psychophysiological 
levels allowed proving that artificial and natu-
ral light with the same intensity were still not 
biologically adequate; this inadequacy per-

sisted when illuminance from artificial 
sources grew [19]. 

This fact indicates that it is necessary to 
accomplish more profound research on study-
ing stable functions of hydrogen, sodium, and 
chlorine ATPase in a scheme of sodium-
calcium-chlorine transport within cells (their 
dendrites and mitochondria)   [20] under expo-
sure to excessive dose of 450 nm blue light. 

A change in ions concentration leads to 
changes in water flows from cellular mem-
branes and changes in their pH [21]. Light ex-
erts substantial impacts on transfer of the said 
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ions as it influences proteins in relevant recep-
tors. R.J. Sizemore et al. [22] and V. Shev-
chenko [23] state that such proteins as halor-
hodopsin, archaerhodopsin, and channel 
rhodopsin are classic optogenetic instruments 
(Figure 9). Halorhodopsin and archaerhodop-
sin are used to deactivate neurons and block a 
nerve impulse transfer. Under exposure to 
light halorhodopsin transfers negatively 
charged chlorine ions into a cell thus hyperpo-
larizing a neutron. Archaerhodopsin pumps 
protons (positive charges) out of a cell and it 
naturally also hyperpolarizes a neutron. Both 
halorhodopsin and archaerhodopsin are so 
called “pumps”. Should there be an ion around 
that they need (and there is almost always 
one), then, having absorbed a quant of light, 
these proteins actively transfer an ion from one 
side of a membrane to another.   

 

Figure 9. Principles of classic optogenetic instruments 
functioning: channel rhodopsin, halorhodopsin,  

and proton pump (archaerhodopsin) 

 
Figure 10. An overall scheme showing synapses 
placement between retina neurons [25] including  

a scheme for GAВA and chlorine ions transfer  
as well as Glu and Na, Ca и K ions transfer 

Blue light with its wave length equal to 
470 nm stimulates ChR2 protein for Na+ and 
Ca+ ions transfer. And we should note here that 
chlorine absorbs light with its wave length 
ranging within 250–450 nm [24]. Chlorine 
ions together with gamma-aminobutyric acid 
(GABA) are agents that inhibit neuron conduc-
tion. Glutamine acid (Glu) is the basic excita-
tory mediator (about 40% of all neurons). 
Gamma-Amino Butyric acid (GABA) is the 
basic inhibitory mediator (also about 40% of 
all neurons). A disorder in this balance (as a 
rule, a decrease in inhibition) exerts negative 
impacts on multiple nerve processes. Proper 
CNS functioning is provided due to a fine bal-
ance between Glu and GABA that are neu-
romediators in the eye retina (Figure 10).  

When chlorine ions absorb excessive blue 
light dose, a decrease in chlorine ions concen-
tration appears, and, consequently, 

2Cl– – 2е–   Cl2, 

excitement-inhibition efficiency goes down 
and responses to an excitatory stimulus are de-
layed. 

Ion exchangers function on neurons and 
astrocytes membranes; they maintain a neces-
sary gradient in concentrations of chemicals 
between intracellular and intercellular spaces in 
physiological conditions (potassium ions K+ 
and glutamate accumulate inside a cell, and cal-
cium ions Ca2+, chlorine ions Cl–, and sodium 
ions Na+ accumulate outside it) [26, 27]. 

Astrocytes quantity is 20 times higher 
than neurons quantity. Astrocytes participate 
in hormone-induced restructure of synapses 
that perform endocrine functions [28]. 

Experts from University of California, 
San Diego School of Medicine, Johns Hopkins 
University School of Medicine, and Kennedy 
Krieger Institute revealed that certain neurons 
passed a function related to utilizing mito-
chondria (tiny intracellular energy stations) 
they no longer needed onto glia cells known as 
astrocytes. Experts focused their attention on 
axons of retina ganglionic cells or neurons that 
transferred visual information from the eye to 
the brain [29]. 
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Intra-neuronal ion stricture is a signifi-
cant factor that predetermines brain function-
ing. There is evidence that abnormal homeo-
stasis of CL-([CL-] i) cellular concentration 
together with Na+ и Ca2+ induces disorders 
in neurons excitability and nerve transmission 
thus making for occurrence of neurologic pa-
thologies [30–33]. 

All neurodegenerative diseases have sev-
eral common signs; they are a trend for pro-
gressing with slow functional degeneration; se-
lective loss of specific neuron populations due 
to apoptosis; trans-synaptic degeneration (pri-
mary or secondary); common cell death 
mechanisms such as oxidative stress and glu-
tamate toxicity7. «Garbage» accumulation in-
side cells can result in neurodegenerative proc-
esses [29]. Cells in the eye retina have dendritic 
fields and we can assume that pathology of 
synapse dendrites is one of the earliest glau-
coma signs. Ganglionic cells with changed 
dendrites have a weaker response to visual 
stimuli and it confirms that there is a direct rela-
tion between dendrite degeneration and visual 
dysfunction, and that synapses are the most 
vulnerable component susceptible to a degen-
erative process that results in cell death7.  

As opposed to electroencephalogram that 
shows brain cortex activity, visual induced 
cortical potentials (VICP) are an aggregated 
response from large neuron populations in the 
cortex that occurs due to a synchronic impulse 
flow induced by impacts exerted by an afferent 
irritant that comes to them. A difference in po-
tentials that occurs between inter- and intracel-
lular medium and is registered on a neutron 
membrane is determined by a difference in 
Na+, K+ and Сl- ions concentration in extra-
cellular medium and neuron protoplasm. 

The author of the work4 noted that there 
were practically no changes in VICP (visual 
induced cortical potentials) amplitudes after 
operators having spent some time exposed to 
dynamic LED lighting; however, all the par-
ticipants in the experiment has a W-like split 
in P100 peak as a response to stimuli with dif-

ferent angle dimensions. There are no data in 
literature on similar changes in VICP mor-
phology in healthy people spending some time 
in a pressurized object or being exposed to dy-
namic LED lighting, and it makes their as-
sessment rather difficult. Probably, this result 
can be treated as evidence that dynamic LED 
lighting has border influence on functional 
state of the visual analyzer. In-depth study of 
the given phenomenon and clarifying its rela-
tion with functional activity of the retina and 
the brain will require a longer examination 
with much greater number of volunteers par-
ticipating in it. 

Mitochondria are organelles that perform 
a lot of significant functions including those 
related to providing cells with energy. Cells 
remove damaged mitochondria via a process 
that is called mitophagy. Mitophagy is a sub-
element in a process called autophagy; its aim 
is to deliver damaged organelles to liposomes 
for further degradation. Nevertheless, we have 
revealed that a great number of mitochondria 
leave neurons at a place called the optic nerve 
head in order to be degraded by lysosomes of 
the adjourning glia cells. This conclusion chal-
lenges an assumption that a cell necessarily 
degrades its own organelles. 

The most important function performed by 
astrocytes is elimination of degrading mito-
chondria in ganglionic cells in order to maintain 
their viability and provide reliable and sustain-
able functioning when the eye is exposed to 
light loads. Absorption of ganglionic cells mi-
tochondria was studied in detail in works by 
T.C. Burdett et al. [34], N.N. Osborne et al. 
[35], and S. La Fee [36]. This interaction be-
tween mitochondria and astrocytes is funda-
mentally important when it comes to impacts 
exerted on ganglionic cells by blue light. 

The research performed by the author re-
vealed that application of LED lighting based 
on «a blue crystal covered with yellow lu-
minophor» LED technology could in future 
cause elevated risks of disorders in the visual 
analyzer functioning. In particular, the author 

__________________________ 
 
7 L.A. Panyushkina. Clinical and morphological peculiarities of the visual tract in patients suffering from glaucoma and 

Alzheimer disease: a thesis for Candidate of Medical Sciences degree. Moscow, 2015, 106 p. (in Russian). 
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states that «If layouts and dimensions of a 
pressurized object allow long-term dwelling of 
several crew members in one room, then peo-
ple should be provided with glasses with spec-
tral lenses. Such glasses allow not only facili-
tating adaptation of crew members to spectral 
and energetic properties of a lighting system 
but also reduce visual fatigue of an operator 
during work with VDU»4. The author also 
notes that «one should be cautions when using 
LED lighting with additional occurrence with 
a blue component in the irradiation spectrum 
of a lighting source. Long-term regular use of 
such lighting can result in morphofucntional 
changes in the visual analyzer (damage to the 
lens and eye retina); changes in mood (increased 
excitability, irritability, anger, and hostility); in-
somnia (difficulties in falling asleep, disorders in 
sleep structure and quality)»4. 

This conclusion is especially important 
hence personnel living in northern mobile set-
tlements and military personnel serving on ships 
and submarines have to spend much longer time 
under such conditions than a 12-day experiment. 

It should be noted that the author used 
lighting sources manufactured by foreign com-
panies; in our opinion, they will be unavailable 
for use in northern military bases should there 
be an increase in tensions between Russia and 
other countries. However, in Russia experts 
employed at Rospotrebnadzor’s Russian Scien-
tific Research Institute for Railway Hygiene 
and «ELTAN» LLC have developed theoretical 
grounds for a concept of «LED lighting sources 
with a biologically adequate spectrum» that is 
shown in Figure 11 [37]. 

The developed technology has been pat-
ented and it secures the priority Russia has in 
creating energy-efficient LED lighting sources 
with white light and biologically adequate spec-
tra. To reduce effects produced by low-intensity 
“bluish” LED light, it is necessary to make a 
white light spectrum of a LED lighting sources 
close to a luminous lamp spectrum or, even bet-
ter, to the sunlight spectrum with hygienically 
safe color temperature that is equal to 3,000К. 

This white light spectrum has no disad-
vantages that are characteristic for any stan-
dard white LED (a blue crystal covered with 

yellow luminophor) such as a significant dose 
of blue light and a dip at 480 nm with an in-
significant dose of red light. This spectrum is 
uninterrupted and its structure corresponds to 
that of the sunlight spectrum with safe color 
temperature that is equal to 3,000К. 

 
Figure 11. A light spectrum of updated retrofit lamps 

created by «ELTAN» LLC 

We think that application of semi-con-
ductor white light sources with biologically 
adequate spectra will provide: 

– a decrease in negative influence exerted 
by light on the visual analyzed and the hormo-
nal system; 

– conditions for additional energy saving 
due to almost 2 times lower illuminance at 
workplaces with preserving the required labor 
productivity; 

– stable light flow and required parame-
ters of lighting system reliability. 

Conclusions: 
1. An original technology has been devel-

oped in Russia; it allows creating white LED 
lamps with biologically adequate light spectra. 
World priority of the technology is protected 
with a patent. 

2. We recommend the authors of the 
GOST 23274-84 «Mobile buildings (inventory 
buildings). Electrical units. Overall technical 
conditions» to make amendments into unit 
3.4.4 of the said document and state the fol-
lowing: «as a rule, lighting appliances with 
luminous lamps or white LED lighting sources 
with biologically adequate light spectra are to 
be used for electrical lighting of rooms inside 
mobile houses». 
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3. A choice between LEDs with perma-
nent or dynamic spectral and energetic prop-
erties depends on specific conditions and 
tasks to be solved: whether it is necessary to 
optimize balance between CNS excitation and 
inhibition or to achieve more apparent acti-
vating effects on most parameters of psycho-
emotional state. 

 4. It is necessary to accomplish wider 
research on new lighting sources in relation to 

tasks in the sphere of labor medicine, military 
and communal hygiene, common and occupa-
tional pathology in order to preserve popula-
tion health and strengthen defense capacities 
of the country. 
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