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ABSTRACT

Human is usually exposed to environmental radiation from natural and man-made
sources. Therefore, it is important to investigate the effects of exposure to envi-
ronmental radiation, partly related to understanding and protecting against the risk
of exposure to environmental radiation with beneficial and adverse impacts on hu-
man life. The rapid development of technologies causes a dramatic enhancement
of radiation in the human environment. In this study, we address the biological
effects caused by different fractions of non-ionizing electromagnetic irradiation to
humans and describe possible approaches for minimizing adverse health effects
initiated by radiation. The main focus was on biological mechanisms initiated by
irradiation and represented protection, and safety approaches to prevent health

disorders.
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Introduction

tudying human health in a living environment is always a

fascinating topic for scientists [1], partly related to understand-

ing and protecting against the risk of exposure to environmen-
tal radiation from natural and man-made. Also, human life is impacted
negatively and positively by these environmental radiations [2]. Solar
radiation is the main natural radiation composed of ionizing and non-ion-
1zing electromagnetic irradiations that the non-ionizing electromagnetic
radiations are categorized into four fractions based on wavelengths:
ultraviolet (UV), visible light, infrared (IR), and radiofrequency (RF)
radiations [3].

The quick advance of technology has resulted in a significant increase
in radiation in the human environment. Extended uses of the tanning
bed, welding torches, smart cellphones, wireless, laptop, and artificial
lighting during the night lead to widely radiation background in the hu-
man environment which is a serious threat to human health particularly
children and elders. Thus, it is essential to reveal long-term hazards to
develop adequate awareness and protective approaches for safe utiliza-
tion and exposure. This review addresses the biological effects caused
by different fractions of non-ionizing electromagnetic irradiation to hu-
mans and describes possible approaches for minimizing adverse health
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effects initiated by radiation.

UV light

A part of non-ionizing electromagnetic radi-
ation is UV light comprised of a distinct spec-
tral area of 200-400 nm. The sun is the main
source of UV radiation, although human han-
dling sources such as tanning beds and welding
torches can irradiate UV lights that dramati-
cally influence human health [4]. Generally,
UV-spectrum exposure can be further classi-
fied into UV-C (200-280 nm), UV-B (280-320
nm), and UV-A (320-400 nm) by wavelength.
UV-C is not as troubling as the photons ab-
sorbed by the ozone layer and thus do not af-
fect the surface of the earth. Photoprotection
from both UV-A and UV-B radiation is a prob-
lem for healthcare professionals [5] that UV-B
rays can penetrate deeply to the dermis layer
of skin and induce molecular changes such as
vitamin D, synthesis from cholesterol metabo-
lites [6]. In addition, UV lights can alleviate
the pain and cause well feeling with increased
beta-endorphin synthesis by keratinocytes [7].

In the last decade, UV disinfection has ad-
vanced into a practical process. Protozoa, bac-
teria, and viruses are inactivated by UV disin-
fection devices [8]. UV radiation also breaks
down the microorganisms’ genetic structure
and restricts their reproductive capacity and
eventually causes death [9] and UV germicid-
al is a result of sunlight. Some germicidal ra-
diation (UV-C) on earth dose not penetrate and
state-of-the-art technology could be used ap-
propriately to transform electrical power into
UV germicidal radiation. UV-C easily destroys
live bacteria, viruses, and cysts from airborne
organisms, soil, and water. Likewise, low dos-
es of radiation exposure might not have nega-
tive effects on the cells. When the exposure
time is lengthened or the UV light intensity is
amplified, the number of unrepaired dimers
and mutations likely increase [10].

UV light and biological systems
Vitamin D, is mainly synthesized from

cholesterol metabolites by UV-B interaction,
inducing conversion of 7- dehydrocholesterol
to an inactive form of vitamin D, that follow-
ing two hydroxylation events can actively reg-
ulate various cellular mechanisms [11]. Based
on the preclinical studies, UV-A and UV-B
radiation promote beta-endorphin expression
in keratinocytes. It was also observed that
keratinocytes which irradiated to both UV-A
and UV-B could produce a higher amount of
beta-endorphin than those exposed to UV-A
alone. Beta-endorphins are opioid peptides,
result in relieving pain and feeling healthier
and happiness [12]. Further, UV-B radiation
helps improve cardiac function and decrease
blood pressure by increasing blood vitamin D,
values [12]. However, UV rays are essential
for regulating some physiologic processes,
prolonged and severe irradiation interact with
cellular macromolecules and increas likely
DNA damage and health disorders [13]. UV-B
energy is more than UV-A and efficiently ab-
sorbed by upper skin layers whereas, UV-A
mostly penetrates the dermis layer [14].

UV-B initiates DNA damage directly and
indirectly through the generation of reactive
species. DNA molecules weakly absorb UV-A
rays and indirectly form chromosomal muta-
tions [13]. Even though, cellular DNA can
absorb UV-A rays only 4.2 fold lower com-
pared to UV-B, UV-A rays can also directly
affect DNA molecules and the photoproducts
of UV-A are more cytotoxic than UV-B [15].
After sunlight or UV exposure, these photons
penetrate the skin and cellular DNA can absorb
them, leading to structural changes in DNA
(DNA dimerization, distortion, and breaks in
DNA structure, a transition of pyrimidines)
[16]. The cell cycle can progress ineffective-
ly due to monitoring weakly by checkpoint
mechanisms [17]. Subsequently, repair DNA
pathways may not only attenuate deleterious
effects of these photoproducts but also repli-
cate and accumulate mutated genome, result-
ing in age-related diseases tumorigenic trans-
formation of human skin cells [18].
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The UV protectors

Radiation protection against adverse effects
of UV radiation is inevitable that is attracted
considerable personal care equipment such
as clothes, sunglasses, and sunscreens. How-
ever, the UV filters are applied in standard
cloth, cap or hat, and gloves [19], sunscreens
are the main approaches against adverse ef-
fects of UV radiation [20]. UV filters are mo-
lecular complexes that can absorb, reflect, or
scatter UV rays. Two types of UV protectors
contain inorganic filters and synthetic organic
that its protectors are aromatic compounds
with photo-stability nature absorbing UV rays
and altering them into weaker energy. While
inorganic filters are different metal oxides ap-
plied as a particle film to provide UV protec-
tion, they scatter and reflect UV rays, without
any decomposing by irradiation [21] with
functionality, widely depending on their size.
Reducing particle size is possible to develop a
new sunscreen with clear skin [22]. Further-
more, inorganic filters are the first choice as a
UV blocker for a patient with skin allergy due
to stability and non-cytotoxic features [23].

The food and drug administration is the or-
ganization approving UV filters consumption
with parameters expressing the protection
efficiency of clothes, sunglasses, and sun-
screens. The sun protection ability of these
cosmetic products was determined by in vivo
and in vitro studies [20]. The efficiency of a
sunscreen against UV-B radiation can be de-
termined by the sun protection factor, equal
to the UV protection factor that determines
the level of clothing offered protection [24],
1.e. several systems describe a sunscreen that
provides UV-A protection. Persistent pigment
darkening is a popular in vivo technique for
determining the UV-A protection factor. In ad-
dition, a star rating system used in the UK in-
dicates the degree of UV-A protection offered
by sunscreen and one-star represents the low-
est UV-A protection, whereas five stars is an
indicator of the highest UV-A protection [20].

Zinc oxide (ZnO) is an inorganic broad-
spectral UV blocker, approximately found in
50% of cosmetic care products with a 200-
400 nm particle size. As the nano-particle has
a broader surface area to volume proportion,
it provides efficiently higher UV protection
than micron-sized one. The particle size deter-
mines the various physiological and biologi-
cal specialties. The appropriate physiochemi-
cal features of ZnO cause to select as a good
UV filter in clothing and sunglasses. Despite
nanoparticles, ZnO is well-known as the best
UV protector, while the safety of ZnO is not
entirely known. Several studies on animal
models indicated that the safety of nano-sized
Zn0O is dependent on dose, duration, and ad-
ministration method [25].

Titanium dioxide (TiO,) is one of the most
common inorganic UV absorbents, exerting
broad-spectrum UV protection. The physico-
chemical properties of TiO, include whitening
feature due to the high optical refractive in-
dex, presenting naturally into three crystalline
structures with a more remarkable ability for
UV-B filtration than ZnO, transparent proper-
ty in nano-sized TiO, (10-20 nm), and higher
UV absorbance in nano-sized TiO, [26]. Also,
recent data indicated TiO, that might promote
the incidence of lung carcinogenesis. Thus,
TiO, is categorized as a 2B carcinogen agent
by the International Agency for Research on
Cancer [27].

Visible Light and IR

A portion of electromagnetic radiations is
visible for human eyes included spectral areas
400-780 nm wavelengths [28]. IR radiation is
included electromagnetic fields with spectral
regions 760 nm -Imm wavelength, influenc-
ing biological systems. The health effects of
visible and IR lights are also dependent on
the intensity, duration, timing, and spectral
content of light [29]. The higher wavelength
spectrum of IR is called an IR-A (wavelength
760-1400 nm) that can intensify the adverse
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effect of UV-A [30].

Biological Interactions of Visible Light

and IR

The most important biological impact of
visible light imagins forming vision. Human
eyes have three types of photoreceptors ab-
sorbing visible light and sending information
to the nervous system that the two types of
photoreceptors contribute to the reconstruc-
tion of the image and one participates in ab-
sorbing a blue fraction of visible light [31],
included in a spectral area with a wavelength
of 400-495 nm. This fraction of visible light
controls non-image-forming responses such
as circadian rhythm, suppressing melatonin
generation in the nervous system [32]. Mis-
alignment of circadian rhythmicity is a prob-
lem of seasonal changes and modern society
[33, 34]. The over-generation of melatonin
causes some people to become depressed and
sleepy in the winter season with the decreased
sunlight intensity. Melatonin has also been
used as phototherapy for depression and be-
havioral diseases [35]. In contrast, blue light-
emitted diodes are widely used in industrial
environments, laptops, and smartphones [34].
Blue light has the lowest photon wavelengths
in the visible spectrum and can penetrate
deeply to dermis layers and eyes lens, poten-
tially damaging to skin and eyes tissues. The
retina tissue contains many polyunsaturated
fatty acids and high oxygen tension. There-
fore, it is highly susceptible to photooxidative
damage [36], and nearly 50% of photooxida-
tive damage is formed in the skin by radiation,
originating from high doses of visible and IR
photons [37]. These photons can degrade skin
antioxidants such as carotenoids and indi-
rectly promote radical production [30]. More-
over, the visible light could directly induce
O, and NO generations and result in deplet-
ing tissues, antioxidants enzymes, promot-
ing inflammatory and angiogenic cytokines,
and apoptotic proteins, and leading to visible
light-related aging [38]. The visible light was

well-known, degrades cutaneous carotenoids,
and indirectly induces oxidative damage to cu-
taneous cells [30]. Excessive exposure to arti-
ficial blue lights also involves several health
disorders such as obesity and cancer [39].
Excessive use of artificial lights at night pro-
motes the possibility of metabolic disorders.
Recent data have been indicated shiftwork is a
potential risk for carcinogenesis, obesity, and
cardiovascular disorders, related to disrupting
melatonin synthesis [40].

Visible light exposure protection

Largely using artificial blue light at nighttime
promotes sleep disruption and age-related dis-
eases such as macular degeneration. The pho-
tooxidative mechanisms play the most role in
the pathogenesis of these diseases [41]. Also,
the increased antioxidant capacity is an excel-
lent protective approach to prevent health dis-
orders. In this case, Koushan et al. evaluated
the dietary supplementation effects on health
disorders of irradiation [42]. Personal care
products have also been formulated with vari-
ous natural antioxidants to minimize photoox-
idative damage to skin cells [43]. Wang et al.
showed that Dietary proanthocyanidins (PAC)
extracted from berries and sea buckthorn seed
attenuated oxidative and inflammatory altera-
tions induced by visible light exposure in vivo
[44]. PACs are some of the natural pheno-
lic components efficiently protecting visible
lights induced retinal degeneration [45]. These
active components are metabolized in gastro-
intestinal systems and converted to small-dis-
tributed metabolites to the retina by blood cir-
culation [44]. Although metal oxide-UV filters
scatter and reflect the visible spectral region,
PACs do not block visible lights [23]. Some
commercial cosmetic producers asserted new
colored sunscreens with visible light-block-
ing, including nanoparticles coated with a fine
film of melanin [46].

Furthermore, recent data indicated that blue
light shield eyewear, especially at night, can
be a safe and straightforward approach to con-
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trol circadian rhythm misalignment. In Japan,
using blue-light shield eyewear is widespread,
and epidemiologic studies showed that blue-
light shield eyewear use before bedtime could
increase sleep quality in healthy adults [34].

Radiofrequency fields (RFF)

RF light is a broad wavelength spectral area
of non-ionizing electromagnetic radiation
Imm-100 km, categorized based on wave-
length into two microwaves (1-1000 mm) and
radio wave frequencies (Im-100 km) classes.
RFFs have two main physical characteristics,
including frequency ranges (Hz), radiation in-
tensity (W/m?), and specific absorption rate
(SAR, W/kg) [47]. Although RFF energy is
directly related to frequency levels, the inten-
sity of radiation inversely influences RFF en-
ergy [48]. The microwaves contain the highest
frequency and lowest intensity of RFFs (85).
Large applications are developed with differ-
ent radio waves boundaries such as cellphone,
telephones, airport scanners, radars, televi-
sion, wireless, laptop, tablet, and microwave
ovens [49]. The excessive use of cell phones,
with various RF ranges, and wireless technol-
ogies, increase public concerns [50].

Biological Impacts of RFF

Some studies have investigated the health
effects of RFFs [51-53], dependent on wave-
length and frequency ranges [48]. A higher
RFF can penetrate lower to human tissues
interact poorly with polar molecules, and its
exposure exerts thermal impacts on biologi-
cal systems [54]. Due to their low energy, RFF
cannot only activate orbital electrons of the
molecules, but it increases tissue temperature
by incremental molecular vibrational/rotation-
al state, disturbing the cellular electrochemical
balance subsequently [55]. Thermal and non-
thermal effects of RFFs are dependent on the
physical features of applied RFF. If SAR of
RFF is above 1 W/kg, thermal effects are in-
duced, whereas, SRA below 0.1 W/Kg needs
to exert non-thermal [56]. Additionally, some

RFFs have non-thermal effects on cells, such
as changing electrochemical in DNA [57],
promoting the electron transfer chain in mito-
chondria [58], increasing free iron in the blood
by restricting iron chelation with ferritin pro-
tein [59], promoting the generation of radicals
especially hydroxyl radicals by Fenton reac-
tion and mechanochemical transformation of
water molecules [49], altering in protein con-
formations through oxidative damage [60],
and disturbing the intracellular Ca hemosta-
sis [61]. As a result, RFFs potentially initiate
cellular dysregulation, proliferation, and dys-
function [49]. Although there are many results
regarding RFFs impacts on embryo develop-
ment, reproduction, and nervous systems, it
has also been shown that RFFs can trigger
developmental and differential capacity of the
embryo and stem cells significantly [62].

RFF Considerations

It has been discovered that RFF can cause
alterations in nerve cells in the central nervous
system. A recent study showed that the fre-
quency ranges between 30 kHz to 300 GHz
of RFFs may be carcinogenic agents for hu-
mans [63] that is an awareness of smart cell-
phones users. Standard limitations were de-
signed at different governments such as the
U.S, and Europe. The limitations were de-
signed principally based on an animal model
exposed to short-term high-power RFFs to
prevent thermal effects. In order to set protec-
tion standards, some parameters such as ex-
posure duration, the intensity of RFFs, an in-
dividual’s tolerance for RFF exposure should
be considered [64]. According to the ICNIRP
standard limitations, the RFFs with power
densities between 10 W/cm? (general public)
and 50 W/cm? (for the occupational group)
with frequency ranges 10- 300 GHz are safe.
In other words, the federal communications
commission limitations accept the maximum
frequency ranges of RFFs exposure between
0.3 MHz to 100 GHz. Based on the guidelines,
SAR levels of 4 W/kg for the whole body are
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identified as a working threshold for adverse
thermal effects induced by RFFs [55].

Discussion

An extensive review of the scientific lit-
erature shows that non-ionizing electromag-
netic fractions can interact dramatically with
biological systems [65]. Despite excessive
sunlight sunlight inducing inducing various
health disorders, less solar exposure certainly
promotes susceptibility to chronic diseases
such as depression, infectious diseases, and
vitamin D deficiency. Also, in today’s world,
human lives in an environment with extended
RF and artificial background and technologies
are becoming an imperative part of life [66].
Thus, the government and the world health
organization (WHO) have arranged standard
guidelines to provide safe modern life.

Conclusion

In conclusion, advancing radiobiology sci-
ence and identifying the harmful effects of
non-ionizing radiation, the health protection
and awareness providing using safely are
needed more than ever.
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