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ABSTRACT

Microwave is part of the electromagnetic spectrum that has different application such as communications,
military, air-traffic Control and etc... Previous studies showed that radar frequency could be a health hazard
agent. This review article mentioned some of the studies that investigated non-thermal effects of radar

frequencies.

Reproductive effects, cancers, blood effects, genetic, adverse immune effects and mental effects

are non-thermal effects that presented in this report. There are many unknown aspects of the biological effects
and many of them did not determined very well such as oxidative stress and mental effects. Compliance with
permissible exposure limits, reduction in exposure, and shielding are some of the controlling methods to protect
workers from the exposure of microwave and among them, The use of shielding is a superior method for
prevention of microwave exposure and among them, electromagnetic Nano composites shields is appropriate for

protection of workers from radar exposure.
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INTODUCTION

Microwave is part of the electromagnetic spectrum
with frequency of 300MHz-3000GHz and wave
length from 1mm to 1m .These waves vary
applications such as satellite, communications,
military, Network, navigation, air-traffic Control,
navigation, marine and weather. Therefore , many
workers are exposed to these waves [1-3]. In
microwave spectrum, radar frequencies with 1-300
GHz range are very important and divided to 11
spectrums that including: L «S «C<X«Ku K «Ka vV
‘W «mm and pum [1, 4] . Many workers have
exposed to radar energy, so their health is
threatened by that. According to the WHO
definition, health is a state of complete physical,
mental and social well-being, and not merely the
absence of disease or infirmity. Therefore , a health
hazard is a biological effect outside the normal
range of physiological compensation that is
detrimental to health or well-being [5] . Previous
studies showed that radar frequency could be a
health hazard agent. Adverse health effects of
microwave are divided into thermal and non-
thermal effects [1, 3].

THERMAL AND NON-THERMAL
EFFECT DESCRIPTION

Thermal effects

In microwave frequency, the interaction between
the incident radio frequency (RF) energy and
molecules of the human body (mainly water)
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occurs mainly as a thermal process. The absorbed
photons are transformed to thermal energy in a
Joule-type  processor dielectric  loss.  This
microwave irradiation is associated with an
internal energy rise. In living organisms this
absorbed energy is dissipated because of thermo
regulatory mechanisms of heat loss (swearing,
blood flow) as the other metabolic energy which
exists inside the body. When the Ilevel of
electromagnetic exposure is high enough then
heating of the whole body or an affected region is
sufficient to increase the temperature. The
threshold for thermal effects has been established
on the level when the internal temperature increase
is approximately 1 or more. This effect is called
thermal effect [3].Cataracts, skin burns, and
damage to the testes are some of the thermal effects
of microwave [1, 6].

Non-thermal effects

In the case of exposure with intensities less

than thermal effects, there are biological
effects  of  electromagnetic  fields, but
described  effects are not  scientifically

conclusive. Because of this, there is a trouble
to prove that they could be an adverse for
health and safety of people, especially in
epidemiological investigations. These
biological or medical effects are so-called
non-thermal effects [3]. Non-thermal effects
of radar frequencies are very wide, so this
review article mentioned some of the studies
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that investigated non-thermal effects of radar
frequencies.

Reproductive effects

Mgllerlgkken et al. carried out a cross-
sectional study of naval military men by
questionnaire.  They reported a  possible
relationship ~ between  exposure to  radio
frequency fields during work with radio
frequency equipment and radar and reduced
fertility .They categorized the work
"Tele/communication," "electronics" and
"radar/sonar" as being exposed to
electromagnetic ~ fields.  Logistic  regression
adjusted for age, ever smoked, military
education, and physical exercise at work. This

study showed increased risk of infertility
among tele/communication and  radar/sonar
with odds ratio 1.72 and odds ratio 2.28

respectively. The electronics
increased risk [7.]

Mailankot et al. stated that exposure to 0.9/1.8
GHz for one hour continuously per day for 28
days cannot cause a significant difference in

group had no

total sperm count. Nevertheless, at a
significantly reduced percentage of motile
sperm and significant increase in lipid

peroxidation and low glutathione content in
the testis and epididymis were observed [8] .
Goldsmith et al. reported that exposure to
radar frequencies can lead to impairment of
reproductive  outcomes, especially increased
spontaneous abortion [9]

Jauchem et al. noted a review article and
reported two studies Liu et al., Ding et al. that
investigated the effect of radar exposure on
the reproductive system. In accord that,
reductions in sperm motility and viability in
radar operators and an increase in ‘‘sperm
dysmorphia’> in subjects who worked with
radar were accrued.

Moreover, the quality of semen ‘changed
when radar electromagnetic wave frequency,
distance, intensity, lasting time and protection

shield were changing [10]. Another study
mentioned  that exposure to  microwave
radiation had different biological effects on

reproductive system [11]
Yan Suwen et al. investigated the effect of

low intensity microwave exposure on the
reproduction and offspring health of men.
Their Results showed that Incidence of

abnormal sexual function in the radar group
was 23.8%, while it was 14.7% in controls.
The natural impregnation rates after 0.5 and 1
year of marriage in the radar group were
13.8% and 39.8% respectively, and 31.3% and
49.6% in the controls, respectively. The
natural impregnation rates after 2 and 3 years
of marriage in the radar group was 30.4% and
12.5%, and that in the control group was
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10.9% and 6.1%. The results showed that
there were significant differences between the

two groups. There was no difference in the
reproductive  outcome and sex ratio of
offspring’s between the two groups.
Prolonged microwave exposure at a low

intensity had an adverse effect on male sexual
function. It might delay impregnation after
marriage. However, it seems that there was no
significant effect on the pregnant outcome and
offspring health [12]

Schrader et al. conducted a more complete
study as a follow-up to the pilot study of
semen quality of soldiers with various military
assignments. Thirty-three men were exposed
to radar as part of their duty assignment in the

Signal Corps, 57 men were involved with
firing the 155 mm howitzer (potential lead
exposure), and 103 soldiers had neither lead

nor radar exposure and served as the
comparison control group. Both serum and
urinary  follicle-stimulating hormone and
luteinizing hormone and serum, saliva, and
urine testosterone levels were determined in
all men. A complete semen analysis was
conducted on each soldier. For statistical
analysis, the primary study variables were:
sperm concentration, sperm/ejaculate, semen
volume, and percent normal morphology, and
percent motile, percent viable (both vital stain
and hypo osmotic swelling), curvilinear
velocity, straight-line  velocity, linearity,
sperm head length, width, area, and perimeter.
Variables  were adjusted for  significant
confounders (e.g., abstinence, sample age,
race). No statistical differences were observed
in any measurement. While these results are in
agreement with two previous studies assessing
soldiers firing the 155-mm howitzer, they
contradict our previous report indicating that
radar exposure caused a significant decrease
in sperm numbers. A possible explanation is
that the radar exposure in this study was that
used in Signal Corps operations while the men
in the previous study were using different
radar as part of military intelligence
operations. The data presented herein men
firing the 155-mm howitzer combined with
the results from the previous studies confirms
that there are no defects in semen quality in
these men. The contradiction between the
results of the radar exposure studies indicates
that more data are needed to evaluate the

relationship of military radar and male
reproductive health [13]

Ding et al. investigated the relationship
between  microwave radiation and  male
reproductive. After filling out questionnaire
and body check, molecular epidemiological

studies were carried out, using single cell gel
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electrophoresis (SCGE) and sperm automatic
analysis among people working on radar.
Their results showed that quality of semen and
semi-clinical injury of sperm among the
people working on radar had changed when
radar electromagnetic wave frequency
distance, intensity, lasting time and protection
shield were changing. The dose-response
relationship was noticed and the increase of
sperm dysmorphia played a principal role. The
results between exposed group and control
group showed significant differences. These
findings suggested that People working on the
radar that suffered from non-ionization for a
long time and had bad radar shield protection
would show semi-clinical injury on sperm and
bad semen quality. However, it did not affect
the male reproductive function. It was
necessary to reinforce the protection of non-
ionization and to improve male reproductive
health care of people working on radar [14]
Oxidative stress

Vera Garaj-Vrhovac et al. found that pulsed
microwaves from working environment can
be caused by cell alterations and oxidative
stress. In other words, radar frequencies can
be genotoxic and one of the possible
mechanisms of DNA and cell damage. This
study investigated workers exposed to pulsed
microwave radiation, originating from marine
radars. Electromagnetic field strength was
measured at assigned marine radar frequencies
(3 GHz, 55 GHz and 94 GHz) and
corresponding specific absorption rate values
were determined. Their Results showed that
cytogenetic alterations occurred after
microwave exposure, and the glutathione
concentration ~ was  significantly  decreased.
Whereas the concentration of
malondialdehyde was significantly increased
(1.74 wvs. 3.17), that indicate the oxidative
stress was occurred [11]

An imbalance between oxidants and
antioxidants in  favor of the oxidants,
potentially leading to damage, is termed
'oxidative  stress[15].1t is  noticeable that
oxidative stress is one of the most important
non-thermal effects of microwave that plays
an important role in many human diseases
such as types of allergies, cancers, heart and

lung  diseases, metabolic ~ and  genetic
disorders, infectious diseases [16], infertility
[17-20] Neurodegenerative, Alzheimer's,
Parkinson's and vision problems such as
cataracts and glaucoma [16, 21, 22].

Cancers

Cherry et al. presented a review article about
Evidence of brain cancer from occupational
exposure to pulsed microwaves from police
radar microwave. Their result showed that
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radar is genotoxic and when exposing an
officer over many months, will produce a
significantly increased risk of astrocytoma
brain tumor.

Renal graft
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Fig.1:-Schematic of the diseases due to oxidative
stress[23]

All of these effects occur for exposures well
within existing standards [24].

Richter et al. has reported on five young
patients who had brain tumors that appeared
within 10 years of initial occupational
exposures to radar. Four of the patients were
less than thirteen years of age when the
diagnoses were initially made. Brief induction
periods that follow high exposures in
individual sentinel patients are a recognized
indicator of impending risk group, and these
periods call attention to the need for
precautionary measures.

Similarly, reports of short induction periods
for brain cancer on the side at the head in
which there has been prior use of cell phones
may also indicate increased risk [25].

Richter et al. reported exposure-effect
relationships with sentinel patients and their
co-workers, who were technicians with high
levels of exposure to RF/MW radiation.
Information was obtained from interviews,
medical records, and technical sources. One
patient was a member of a cohort of 25
workers with six tumors. This study estimated
relative risks for cancer in this group and
latency periods for a larger group of self-

reported individuals. Index patients with
melanoma of the eye, testicular cancer,
nasopharyngioma,  non-Hodgkin's  lymphoma,

and breast cancer were in the 20-37-year age
group. Information about work conditions
suggested prolonged exposures to high levels
of RF/MW radiation that, produced risks for
the entire body. Clusters involved many

Keshan disease
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different types of tumors. Latency periods
were extremely brief in index patients and a
larger  self-reported group. The findings
suggest that young persons exposed to high
levels of RF/MW radiation for long periods in
settings where preventive measures were lax
.So the sentinel patients were at increased risk
for cancer. Very short latency periods suggest

high risks of high-level  exposures. A
calculation derived from a linear model of
dose-response suggests the need to prevent

exposures in the range of 10-100 pw/cm? [26.]

Anders et al. reported a review of
epidemiological studies that showed there
have been a large number of occupational

studies over several decades, particularly, on
cancer, cardiovascular disease, adverse
reproductive outcome, and cataract, in relation
to RF exposure. The results from these studies
give no consistent or convincing evidence of a
causal relation between RF exposure and any
adverse health effect.

On the other hand, the studies have too many
deficiencies to rule out an association. A key
concern across all studies is the quality of
assessment of RF exposure. Despite the
ubiquity of new technologies using radio
frequency, little is known about population
exposure from RF sources and even less about

the relative importance of different sources
[27]

Kubacki et al. found that exposure of the
human head to peak pulsed microwaves

(MW) can result in biological effect called at
microwave hearing [3]. The possible
carcinogenic potency of microwaves is still an
open and controversial issue.
The majority of published
studies do not confirm
environmental exposure to microwave and
risk of cancer diseases. However, single
reports indicate that occupational exposures to
microwave may be associated with increased
cancer risk in workers [3.]

Davis et al. noted a cohort study that
investigates 340 police officers. Six incident
cases of testicular cancer occurred between
1979 and 1991. Held radar was the only
shared risk factor among all six officers, and
all routinely held the radar gun directly in
proximity to their testicles. He suggested that
further research into a possible association
with testicular cancer is warranted [28 ]

Anders et al. and Dindi¢ et al. presented a
review article and reported studies that state
that there is not enough evidence that radar
frequencies could be Caused of testicular
cancer [27, 29 ]

In addition, in accord that to Anders et al
(2004)  report, most informative  studies

epidemiological
links  between
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provide little evidence of brain tumors and
leukemia. The one possible exception was an
increased risk of nonlymphocytic leukemia in
radar-exposed navy veterans [27.]

bindi¢ et al. noted that brain tumors, leukemia
and increased risk  of  non-lymphocytic
leukemia.  This  study was found a
significantly raised risk for testicular cancer
and lung  carcinoma  for  self-reported
occupational exposure to microwave and other
radio waves [29.]

Blood effects

Kubacki et al. stated that some studies about
Blood Brain Barrier (BBB) in organisms
exposed to pulse-wave and compare it with
the continuous wave. He noted that those
reports did not provide a resolution to the
problem because there are differences in
blood-brain barrier permeability as a result of
pulsed exposure rather than  continuous
exposure at same average power levels. Last
investigations with BBB have revealed that
this effect is significantly due to distinct
energy increase in the organism even the
whole-body  temperature is not elevated.
However, some observations have reported
that pulsed microwaves at an extremely low
average level of exposition can influence on
the human blood-brain barrier as well [3.]

Williams et al. noted a case-report that two

airmen encountered to radio-frequency
radiation 38 times above the Air Force
permissible exposure level were medically

evaluated for physical effects from exposure.
Initial anxiety and hypertension were found
[30.]

Goldsmith et al. reported some studies about
blood count changes that its results are as
follows: increase in immature red blood cells ,
changes in blood cell counts, Decrease in
leukocytes and red cells , decrease in
thrombocyte and leukocyte count, mutagenic
effects both in vivo and in vitro, occurrence
and repair of chromosomal aberrations [9.]
Jauchem et al. reported a review article that
showed the high  prevalence rate of
cardiovascular disease in personnel working
on a civil aircraft radar-tracking system [10]
Genetic:

Goldsmith et al. stated some studies that
investigated the biological effects of radar
exposure on human and animal models. The
results demonstrated that genotoxic effects of
radar exposure depend on some factors such
as power density, specific absorption

Rate (SAR), time exposure, radar frequencies
and modulation. Those genotoxic effects are

included: Mutagenic effective both in vivo
and in vitro, chromosomal aberrations,
damage to cell genomes and changes in
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chromosome and human
lymphocytes [9.]

Garaj-Vrhovac et al. showed that microwave
exposure prevents DNA from entering into the
S-phase of the cell cycle. Furthermore, the
direct interaction of radiation with DNA
molecules in vitro conditions result in cell
genome damages, which persist in the cell for
a distinct period of time that might cause

different malignancies [11]

structure

Garaj-Vrhovac et al. studied on Human
whole-blood samples that were exposed to
continuous  microwave radiation, frequency
7.7 GHz, power density 0.5, 10 and 30
mW/cm?® for 10, 30 and 60 min. In this study a
correlation  between  specific ~ chromosomal

aberrations and the incidence of micronuclei
after in vitro exposure was observed. In all
experimental conditions, the frequency of all
types of 3 was significantly higher than in the
control samples. In the irradiated samples the
presence of dicentric and ring chromosomes
was established. The incidence of micronuclei
was also higher in the exposed samples. The
results of  the structural chromosome
aberration test and of the micronucleus test
were comparatively analyzed. The values
obtained showed a positive  correlation
between micronuclei and specific
chromosomal aberrations  (acentric  fragments
and dicentric chromosomes).The results of the
study indicate that microwave radiation causes
changes in the genome of somatic human cells
and that the applied tests are equally sensitive
for the detection of the genotoxicity of
microwaves [31.]

Garaj-Vrhovac et al. were performed analysis
of structural chromosome aberrations in a
group of radar station personnel who were
engaged in repairing radar devices a couple of
days earlier. This study showed a major
decline from the values recorded by regular

mutagenic ~ monitoring in  terms of a
significantly increased number of
chromosome breaks, acentric fragments,

dicentric and polycentric chromosomes with
accompanying fragments, ring chromosomes
and chromatic interchange. Multiply repeated
mutagenic testing demonstrated in all subjects
a fall in the total number of chromosome
aberrations as a function of time. During a 30-
week-long follow-up study a decrease in the
total number of chromosome aberrations was
observed. In the same period the presence of
unstable aberrations such as dicentrics and
ring chromosomes persisted, together with a
relatively  unchanged incidence of stable
aberrations [32.]

Vera Garaj-Vrhovac et al.
effects of  radiofrequency

determined the
electromagnetic
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radiation (RFR) on the cell Kkinetics and
genome  damages in  peripheral blood
lymphocytes .In this study investigated the

lymphocytes of 12 subjects
exposed to microwave radiation. The results
showed an increase in the frequency of
micronuclei (MN) as well as disturbances in
the distribution of cells over the first, second
and third mitotic division in exposed subjects
compared to controls. This finding suggested
that micronucleus assay can serve as a suitable
indicator for the assessment of exposure to
genotoxic agents (such as RFR) and the
analysis of mitotic activity as an additional
parameter for the efficient biomonitoring [33.]

occupationally

Verschaeve et al. found that RF-exposed
individuals have increased frequencies of
genetic damage (e.q., chromosomal

aberrations) in their lymphocytes or exfoliated
buccal cells [34.]
Garaj-Vrhovac et al. reported that exposure to

continuous radiation could lead to
chromosome aberrations. They Cultured V79
Chinese  hamster cells were exposed to
continuous radiation, frequency 7.7 GHz,

power density 30 mW/cm? for 15, 30, and 60

min. The parameters investigated were the
incorporation of [3H] thymidine and the
frequency of chromosome aberrations.
Mutagenic tests performed concurrently

showed that even DNA macromolecules were

involved in the process. In comparison with
the control samples there was a higher
frequency of specific chromosome lesions in
cells that had been irradiated. Results

discussed in this study suggest that microwave
radiation causes changes in the synthesis as
well as in the structure of DNA molecules
[35].

Immune systems:

Jauchem et al. found some study that suggested
radar operators exhibited elevated IgM and
decreased total T8 lymphocytes. Additionally, an
increase on the number of micronuclei was found
in RFE-exposed subjects. This study reported that
the effect of microwave radiation on the immune
system depends upon the character of an exposure
[10].

Moszczynski et al. assessed the immunoglobuling'
concentrations and T lymphocyte subsets during
occupational exposures to microwave radiation. In
the workers of retransmission TV center and center
of satellite communications on increased 1gG and
IgA concentration and decreased count of
lymphocytes and T8 cells was found. However, in
the radar operators IgM concentration was elevated
and a decrease in the total T8 cell count was
observed. The different behavior by examining
immunological parameters indicates that the effect
of microwave radiation on immune system depends
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on the character of an exposure. This finding
suggested that disorders in the immunoglobulins'
concentrations and in the T8 cell count did not
cause any clinical consequences [36].

Yang et al. exposed Hamsters to repeated or single
doses of microwave energy and monitored for
changes in core body temperature. Circulating
leukocyte profiles, serum corticosteroid levels, and
natural Killer (NK) cell activity in various tissues.
Repeated exposure of hamsters at 15 mW/cm? for
60 min/day had no significant effect on natural
levels of spleen-cell NK activity against baby
hamster kidney (BHK) targets. Similarly, repeated
exposure at 15 mW/cm? over a 5-day period had no
demonstrable effect on the induction of spleen NK
activity by vaccinia virus immunization, that is.
Comparable levels of NK were induced in
untreated and microwave-treated animals. In
contrast, treatment of hamsters with a single 60-
min microwave exposure at 25 mW/cm? caused a
significant suppression in induced spleen NK
activity. A similar but less marked decrease in
spleen NK activity was observed in sham-exposed
animals. Moreover, the same effects on NK activity
were not predictable and appeared to represent
large individual animal variations in the response to
stress factors. Depressed spleen NK activity was
evident as early as 4 h post microwave treatment
and returned to normal levels by 8 h. Hamsters
exposed at 25 mW/cm® showed an elevated
temperature of 3.0-3.5 °C that returned to normal
within 60 min after termination of microwave
exposure. These animals also showed a marked
lymphopenia and neutrophilia by 1 h post treatment
that returned to normal by 8-10 h. Serum
glucocorticosteroids were elevated between 1 and 8
h after microwave treatment. Sham-exposed
animals did not demonstrate significant changes in
core body temperature. peripheral blood leukocyte
(PBL) profile, or glucocorticosteroid levels as
compared to minimum-handling controls[37].

Rao et al. examined the effect of a single whole-
body exposure of hamsters to microwave (mw)
energy (2.45 GHz; 5-25 mW/cm?; 1 h) on the IgM
antibody (Ab) response of spleen cells to sheep red
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blood cells (SRBC). MW-exposed, sham-exposed,
and cage-control hamsters were immunized with
SRBC and plaque-forming cells (PFC) in the
spleens assayed using the direct hemolytic plaque
assay. In cage-control hamsters the Ab response
was highest between days 4 and 5, returning to
baseline by day 9. MW exposure [25 mW/cm? for 1
h) significantly augmented PFC response only on
days 4 and 5 postimmunization, causing
approximately 4.3- and 3.5-fold increase over
controls, respectively. This study showed that
exposure to 15 mwW/cm? caused a lesser, but
significant increase in PFC. Also, Exposure to
intensities below 15 mW/cm? for 1 h did not
produce any increase in response. Immunization
with different concentrations of SRBC following 1
h of 25 mW/cm?> MW exposure revealed
stimulation in PFC at all concentrations ranging
from 5 x 10" to 5 x 10® SRBC. Pretreatment of
hamsters with MW radiation prior to immunization
showed that the animals retained an increased
sensitivity to SRBC for as long as 4 days after MW
exposure. In contrast, exposure of hamsters to MW
energy on different days after immunization
showed an effect of the PFC response only if given
between 0 and 1 day after immunization. These
results suggest that MW exposure augments the
primary IgM response to SRBC by affecting some
early event in the immune response process. The
various possible explanations for this phenomenon
are discussed [38].

Mental effects

Dehghan et al. noted needing a good tonic,
headache, tightness or pressure on the head,
insomnia, getting edgy and bad-tempered. This
study showed that occupational exposure to radar
microwave radiation leads to changes in somatic
symptoms, anxiety and insomnia, social
dysfunction, and severe depression. Altogether ,
these results indicate that occupational exposure to
radar microwave radiations may be linked to some
adverse health effects [39].

Summary of non-thermal effects studies has been
presented in tables 1.
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Tablel: summery of non-thermal effects from exposure to radar frequency

Authors Publish Non-thermal Results
year effect
Magllerlgkken [7] 2008 Reproductive e infertility
Mailankot et al.[8] 1980 e No significant difference in total sperm count
o significantly reduced percentage in motile sperm
e significantly increase in lipid peroxidation
e low glutathione content in the testis and
epididymis
Goldsmith JR. [9] 1997 e increase spontaneous abortion
Jauchem JR. [10] 2008 e  reductions in sperm motility and viability
increase in ‘‘sperm dysmorphia
Suwen Y. etal.[12] 1997 e Incidence of abnormal sexual function
e no difference in the reproductive outcome and
sex ratio of offsprings
e delay impregnation after marriage
Schrader SM. et al. [13] 1998 No statistical differences were observed
Ding XP. et al. [14] 2004 e  Change in quality of semen
e semi-clinical injury of sperm
Garaj-Vrhovac V. et al. [32] 1993 Oxidative o Decrease in glutathione concentration
Stress e Increase in malondialdehyde concentration
Cherry N. [24] 1999 Cancer significantly increased risk of astrocytoma brain tumor
Richter ED. et al. [25] 2002 e  brain tumors in the four of five young patients
Richter ED. et al. [26] 1990 e increased risk for cancer
Anders A. et al. [27] 2008 e No consistent or convincing evidence of a causal
relation between RF exposure and any adverse
health effect.
Davis RL., et al. [28] 1993 e testicular cancer
Anders A, et al. [27] 2004 e No enough evidence for testicular cancer
bindi¢ N., et al. [29] 2011 e brain tumors
e leukemia
e increased risk of non-lymphocytic leukemia
Kubacki R. [3] 2008 Blood influence on the human blood-brain barrier
Williams RA., et al. [30] 1980 e  hypertension
Goldsmith JR., [9] 1997 e Increase in immature red blood cells
e  Changes in blood cell counts
. Decrease in leukocytes and red cells
e  Decrease in thrombocyte and leukocyte count
Jauchem et al. [10] 2008 e cardiovascular disease
Goldsmith JR. [9] 1997 Genetic e  Mutagenic effect both in vivo and in vitro
e  chromosomal aberrations
e damage to cell genomes
e changes in chromosome structure and human
lymphocytes
Garaj-Vrhovac V. etal. [11] 2010 e  prevents DNA from entering into the S-phase of
the cell cycle
Garaj-Vrhovac V. et al. [31] 1992 e chromosomal aberrations
e incidence of micronuclei
Garaj-Vrhovac V. etal. [32] 1993 e increased number of chromosome breaks
e acentric fragments
dicentric and polycentric chromosomes with
accompanying fragments
e ring chromosomes and chromatid interchange
Garaj-Vrhovac V. [33] 1999 e increase in frequency of micronuclei (MN) as
well as disturbances in the distribution of cells
over the first, second and third mitotic division
Verschaeve L. et al. [34] 2009 e  genetic damage
Garaj-Vrhovac V. etal. [35] 1990 e chromosome aberrations
Jauchem JR. [10] 2008 Immune e elevated IgM
e decrease in total T8 lymphocytes

49


file:///E:/Ø±Ø³Ø§Ù„Ù‡%20Ø¯Ú©ØªØ±ÛŒ/Ù…Ù‚Ø§Ù„Ø§Øª%20Ø§Ù†Ú¯Ù„ÛŒØ³ÛŒ/Ù…Ø¬Ù„Ù‡%20Ø¯Ú©ØªØ±%20Ø¬Ù†ÛŒØ¯ÛŒ/Ø¨Ø±Ø±Ø³ÛŒ%20Ù…ØªÙˆÙ†%20Ù…Ù‚Ø§Ù„Ù‡%20Ø¯Ú©ØªØ±%20Ø¬Ù†ÛŒØ¯ÛŒ/The%20effect%20of%20microwave%20radiation%20on%20the%20cell%20genome.htm
file:///E:/Ø±Ø³Ø§Ù„Ù‡%20Ø¯Ú©ØªØ±ÛŒ/Ù…Ù‚Ø§Ù„Ø§Øª%20Ø§Ù†Ú¯Ù„ÛŒØ³ÛŒ/Ù…Ø¬Ù„Ù‡%20Ø¯Ú©ØªØ±%20Ø¬Ù†ÛŒØ¯ÛŒ/Ø¨Ø±Ø±Ø³ÛŒ%20Ù…ØªÙˆÙ†%20Ù…Ù‚Ø§Ù„Ù‡%20Ø¯Ú©ØªØ±%20Ø¬Ù†ÛŒØ¯ÛŒ/The%20effect%20of%20microwave%20radiation%20on%20the%20cell%20genome.htm
file:///E:/Ø±Ø³Ø§Ù„Ù‡%20Ø¯Ú©ØªØ±ÛŒ/Ù…Ù‚Ø§Ù„Ø§Øª%20Ø§Ù†Ú¯Ù„ÛŒØ³ÛŒ/Ù…Ø¬Ù„Ù‡%20Ø¯Ú©ØªØ±%20Ø¬Ù†ÛŒØ¯ÛŒ/Ø¨Ø±Ø±Ø³ÛŒ%20Ù…ØªÙˆÙ†%20Ù…Ù‚Ø§Ù„Ù‡%20Ø¯Ú©ØªØ±%20Ø¬Ù†ÛŒØ¯ÛŒ/2.htm
file:///E:/Ø±Ø³Ø§Ù„Ù‡%20Ø¯Ú©ØªØ±ÛŒ/Ù…Ù‚Ø§Ù„Ø§Øª%20Ø§Ù†Ú¯Ù„ÛŒØ³ÛŒ/Ù…Ø¬Ù„Ù‡%20Ø¯Ú©ØªØ±%20Ø¬Ù†ÛŒØ¯ÛŒ/Ø¨Ø±Ø±Ø³ÛŒ%20Ù…ØªÙˆÙ†%20Ù…Ù‚Ø§Ù„Ù‡%20Ø¯Ú©ØªØ±%20Ø¬Ù†ÛŒØ¯ÛŒ/The%20effect%20of%20microwave%20radiation%20on%20the%20cell%20genome.htm

HSE

Vida Zaroushaniet al., Nonthermal Effects of Radar Exposure ... |

Moszczynski P. et al. [36] 1999 e Increase in 1gG and IgA concentration
e  Decrease in count of lymphocytes and T8 cells
Yang HK. et al. [37] 1983 e  Depressed spleen NK activity
e marked lymphopenia and neutrophilia
e increase in Serum glucocorticosteroids
Rao GV. et al. [38] 1985 e significant increase in PFC
Dehghan N. et al. [39] 2013 Mental e changes in somatic symptoms, anxiety and
insomnia, social dysfunction, and severe
depression

CONCLUSION

The electromagnetic radiation presents important
pollution in the occupational environment. The
effects for human health are cumulative, and they
are not visible in short time. In addition, the
standards are based on tissue heating and ignore the
evidence of non-thermal effects.

Therefore, since there are many unknown aspects
of the biological effects and many of them did not
determined very well such as oxidative stress and
mental effects. So, preventive measures is highly
recommended. Compliance with  permissible
exposure limits, reduction in exposure, and
shielding are some of the controlling methods to
protect workers from the exposure of microwave.
The International Association of Electrical
Engineers (IEEE) and American conference of
governmental  industrial  hygiene  (ACGIH)
determined 10 mw/cm? as the occupational
exposure limit of 6 minutes and 6.67 mw/cm? for
public exposure [40]. Remarkably, the permissible
exposure limits have been developed based on
thermal effects, therefore, comply with these
standards does not prevent non-thermal effects of
microwave.

In occupational health, use of engineering measures
to prevent adverse health effects is a priority. Thus,
the use of shielding is a superior method for
prevention of microwave exposure. Today, with the
advent of nanotechnology, the wuse of
nanocomposites is a new approach to prevent
Electromagnetic  interference  that  recently
developed for raising the performance of
Electromagnetic interference shields [41, 42].

As we know , the aim of occupational health is a
workplace health promotion [43-45]; therefore , it
appears to useful electromagnetic nanocomposites
shields is appropriate for protection of workers
from radar exposure.
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