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ABSTRACT

Background: The Electromagnetic Field (EMF) effect is considered an alarm-
ing human health issue, dependent on the use of mobile phones. Several nationwide
awareness programs on EMF Emissions & Telecom Towers were initiated by the De-
partment of Telecom (DoT) to build a direct bridge between the number of investors
and the information gap with scientific evidence. EMF interaction with humans has
caused oxidative stress for brain physiological and pathological degeneration.

Objective: This study aimed to investigate the EMF’s influence on oxidative stress
and disorders of neurodegenerative.

Material and Methods: This analytical study is conducted on a generalized
linear model, a supervised learning approach in machine learning, to understand mo-
bile tower radiation. The data is obtained from open sources from two different states
in India.

Results: Confidential Interval (CI) was obtained for measured value radiation for
Andhra Pradesh in 2018-2019 as 95% CI [0.0045 to 0.0111] and for 2019-2020 as 95%
CI [0.0016 to 0.0028]. Telangana -CI for Measured Value (MV) in 2018-2019 was
found to be 95% CI [0.0500 to 0.0763] and 2019-2020 is 95% CI [0.0189 to 0.4345].

Conclusion: Generalized Linear Models (GLM) are the best statistical model to
analyze the mobile tower radiation.
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Introduction

he study of non-ionization radiation deals with the Electromag-

netic Field (EMF) radiation that eliminates an electron from an

atom or molecule. However, lonization Radiation (IR) carries
sufficient energy for detaching electrons from atoms or molecules. How-
ever, IR is full of energetic subatomic particles, ions, or atoms moving
at high speeds [1]. Moreover, large RF antennas can broadcast up to the
range of 10 km or more and are mounted on rooftops above 70 meters
above ground level, to avoid signal obstruction by tall buildings, dense
vegetation, and hilly landscapes. The antenna uses relatively high power
(60 W) and frequencies (above 800 MHz to 2200 MHz). The cell phone
technologies (4G) use frequencies above 4000 MHz [2]. Now that one
can see 5G paved its way with an average speed of about 1 GB per
sec. Extremely Low Frequency (ELF), known as an EMF with a lower
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frequency, is used in communications.

According to Dr. Davis, EMF is directly
or indirectly linked with the risk of brain tu-
mors and breast cancer. She correlates with
the child’s skin, which is very sensitive com-
pared with the adults. When the child plays in
the sun, even after applying the sunscreen, the
skin turns reddish and the rash occurs. Simi-
larly, when a child below 3 years holds the
mobile and talks for just 6 minutes, the skin
turns a red color around the eye and ear where
the mobile was placed, showing the higher
absorption of radiation. Cell phone radiation
penetration is comparatively lower in adults
than in small children. Moreover, teenage girls
keep their mobiles near their breasts, which
is claimed to be dangerous and causes breast
cancer. Mobile phones even while not in use,
penetrate the radiation into the human body,
when kept very close, and touching the body.

The scientific study involves algorithms and
statistical models, used to perform a certain
task without the need for explicit instructions,
and relying on patterns, and inference is re-
ferred to as Machine Learning (ML). General-
ized Linear Models (GLM), an ML algorithm
was implemented in this case study to under-
stand the severity of mobile radiation from the
towers. GLM provides a set of relationship
procedures between the response variables
to continuous and/or categorical predictors.
A confidential interval, known as a statistical
analysis, was performed on the response and
predictor variables.

Material and Methods

This analytical study claims the mobile tow-
er radiation on human lives and its impact.
The data was collected from 2018 to 2023 for
analyzing the two states to compare the mod-
els on two different states i.e. Andhra Pradesh
(AP) and Telangana (TS). GLM models
were generated using two attributes namely,
measured value and prescribed limit for the
mentioned years.

The evaluation is carried out by the col-

lection of data from the open source for two
states to compare the models. The GLM
models are generated with the measured value
and prescribed limit for the different years.

Extremely Low Frequency

Extremely Low-Frequency (ELF) magnetic
fields are present throughout the environment,
originating from both natural and man-made
sources. Naturally occurring time-varying
ELF fields in the atmosphere arise from vari-
ous factors, including the influence of solar
and lunar activity on ion currents in the up-
per atmosphere. Studies have explored poten-
tial links between increasing exposure to ELF
fields and cancer risk, particularly in electrical
workers, focusing on leukemia and tumors of
the nervous system.

The experiment specifies that the extremely
low-frequency electromagnetic fields (ELF-
MF) effects on cellular biochemistry and the
structure are associated with the induced cur-
rent density, with a majority of current density
levels over 10mA/m?*. The growing body in-
dicates that the cell membrane plays a major
part in the transduction and amplification of
ELF field signals. The correlation between the
incidence of cancer exposure and cancer risk
was present in children below age 14 [3].

According to the International Agency for
Research on Cancer (IARC), ELF-EMF (cat-
egory 2B) was considered to be carcinogenic
to humans [4]. Moreover, the determinations
of ELF signals were found in the range of
0.3 Hz - 0.3 kHz [5]. The cause for exposure
of ELF-EF and ELF-MF [6] was considered
to be a global issue [7]. While Torres-Duran
initially suggested that low-level exposure
to extremely low-frequency electromagnetic
fields (ELF-EMF) is harmless, recent studies
have challenged this perspective. Exposure
to ELF-EMF has been shown to increase oxi-
dative stress in certain models, such as chick
embryos and human red blood cells (erythro-
cytes). Additionally, both environmental and
artificial magnetic fields have been linked to
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significant impacts on the cardiovascular
systems of animals and humans [8].

The case study for extremely low-frequency
electromagnetic field was conducted on the
rats, exposed to a single stimulation of ELF-
EMF (experimental group) and evaluated at
24h, 48h, and 96h on serum and liver lipid and
liver lipo-peroxides measured in thiobarbituric
acid reactive substances TBARS. The results
showed that TBARS levels were increased at
24 hours after exposure [8]. In another case
study, the exposure to Radio Frequency (RF)
radiation from mobile phones has triggered a
range of neurological effects, including head-
aches, sleeping patterns, modification in the
neuronal electrical activity, and disturbance in
the neurotransmitter. The increasing interest
in research and epidemiological data provides
the potential association between occupational
exposures to ELF-EMFs and neurodegenera-
tion. While some studies have raised concerns
about potential health risks associated with
long-term mobile phone use (over 10 years),
the evidence linking them to brain tumors lo-
cated specifically near the phone is currently
inconclusive. Large-scale studies haven’t
found a definitive connection. The ELF-EMFs
emitted by mobile phones operate at a much
lower frequency than those implicated in
some neurodegenerative diseases, such as Al-
zheimer’s and Amyotrophic Lateral Sclerosis
(ALS). The exact causes of these diseases are
still under investigation [9].

The increasing use of 3G mobile phones has
a concern over the human health effects of RF-
EMFs emitted by WCDMA mobile. The study
evidence reveals that WHO has categorized
RF-EMFs as human carcinogenic (Group 2B).
The eight symptoms, such as dizziness, nau-
sea, throbbing, itching, headache, palpitation,
warmth, and fatigue were listed.

For every five minutes, throughout the en-
tire session, the EMF exposure was exam-
ined. It was found that no link was between 8
symptoms and short-term RF-EMF exposure
in any group. However, the study is about the

day-wise regular exposure to RF radiated by
WCDMA mobile phones. A further study was
examined for the long-term effects of repeti-
tive and daily regular exposure, on teenag-
ers [10]. In a case study of RF-EMF, the re-
sults obtained by kmeans nearest neighbor
(91.17%) were good over RF (89.41%) for
mean accuracy. Moreover, KNN had less com-
putation time (3.38 s) to train a model over RF
(248.12 s) [11].

ELF magnetic fields were calculated at
home, in which the frequency was observed
between higher fields where average >0.2 and
T>0.6, and T indicates at the front door and
resulted in spontaneous abortion in early preg-
nancy. However, the study showed no associa-
tion between exposure to measured MF>0.2
and contrary pregnancy outcomes that include
miscarriage and low birth weight or pre-term
delivery. However, few studies have proved
miscarriages as an outcome of occupational
exposure of women to ELF-MF [12]. The
radiation of the mobile tower mounted on a
rooftop has various effects. The abundance of
several insects was affected by EMR [13].

The biological effects reported from low-
level ELF-field and chronic exposure to static
magnetic fields were identified that need rep-
lication to assess any possible health conse-
quences. The

Attributable Fraction (AF) remains less with
point estimates ranging from <1% to 4%. AF
is highly associated with the distribution ex-
posure and more data are needed on expo-
sure levels that would be collected in a large
systematic survey [14].

Some studies suggest that exposure to RF
radiation might affect the eye’s ability to regu-
late its temperature, due to reduced fluid cir-
culation, leading to poorer cooling. However,
the relationship between RF radiation and
changes in water content within the eye is not
fully understood. The children’s eyes are very
delicate and absorb between 2 to 5-fold higher
doses of RF radiation than those of older in-
dividuals. Aged individuals over 76 years of
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heavy usage of mobile need eye protection
when the phone is used for longer conversa-
tion. Geometry model as well as dielectric
constant change systematically with age, with
greater head mass, and skull and skin thick-
ness in adults compared with children [15].
High levels of EMF radiation are found in sev-
eral medical applications. The medical devic-
es used for magnetic resonance imaging, dia-
thermy, several kinds of RF ablation, surgery,
and diagnoses produce high levels of EMF
that affect the patient or locally inside the pa-
tient’s body [16]. Electromagnetic Hypersen-
sitivity (EHS) person suffers from symptoms,
such as headaches, loss of memory, insomnia,
and nervousness, due to the radiation of Radio
Frequency (RF) from cellular phones and/or
base stations. EHS relies on a person’s subjec-
tive judgment and is difficult to diagnose [17].
ICNIRP suggests how to protect from short
and long—term exposures to non-ionization
radiation [18].

Results

The number of observations were 39 and 52
for the years 2018-2019 and 2019-2020 for
Andhra Pradesh (AP) state in Table 1. Simi-
larly, the observations were 15 and 42 for the
years 2018-2019 and 2019-2020 for Telangana

Table 1: Confidential Interval (Cl) for Andhra
Pradesh and Telangana state

95% ClI
0.0045-0.0111

Year Var. Mean S.E
MV 0.0078 0.0016

AP-2018-19
PL 1216.65 1216.14 -1245.28-3678.60
MV 0.0022 0.0002  0.0016-0.0028
AP-2019-20
PL 04553 0.0022  0.4507-0.4599
MV 0.0632 0.0061 0.0500-0.0763
TS-2018-19
PL 04659 0.0025  0.4604-0.4714
MV 0.0311  0.0060  0.0189-0.4345
TS-2019-20
PL 04573 0.0022  0.4527-0.4619
MV 0.0701  0.2091 0.0278-0.1124
AP/TS-2020-23
PL 04934 0.2211 0.4487-0.5381

AP: Andhra Pradesh, TS: Telangana, MV: Measured Value,
PL: Prescribed Limit, CI: Confidential Interval

(TS) in Table 1 and 40 observations for 2020-
2023. Table 2 represents the GLM model for
mobile tower radiations collected for both
the states in India. The following respective
graphs were obtained showing the linear pre-
diction for the states AP and TS for two years
as shown in Figures 1, 2, and 3.

Discussion

The GLMs are a powerful statistical tool
used to model the relationship between a re-
sponse variable and one or more predictor
variables. Unlike linear regression, GLMs can
handle response variables that aren’t normally
distributed.

GLM and Confidential Interval CI were cal-
culated using STATA/IC 12 software for the
states of India i.e. AP and TS for two consecu-
tive years 2018-2019 and 2019-2020. The
two-parameter viz. Measured Value MV as
dependent and Prescribed Limit PL as inde-
pendent variables were considered. The com-
puted mean, standard error, and 95% CI from
the dataset are shown in Table 1.

The linear regression models were consid-
ered with a linear mapping between observed
features and the outputs and hence predict
the output. GLM are linear model (Table 2)
classes that associate various models, includ-
ing linear and logistic regression. The distri-
bution over each output is supposed to be an
exponential family distribution, in which natu-
ral parameters are a linear function of the in-
puts. The link function combines the expected
values of the response to the linear combina-
tion of predictors. The variable function is
expressed, as follows:

V(u):u X(l—%) eq(])
Link function is denoted with
u
=In| — 2
g (u) [l_uj eq(2)

One of the GLM forms is logistic regres-
sion, which services the logit-binomial link
distribution pairing to model the effects of one
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or more continuous or categorical predictor models for a given data set. The Bayesian
variables on a binary response variable. information criterion BIC is a standard

Akaike information criterion AIC is an for model selectors among the finite set of
estimator of the relative quality of statistical models.

Table 2: Generalized Linear Model Binomial —logit

GLM Optimization
MV Coef. SE z p>|z| 95% Cl AIC BIC Dev. Pear

AP 2018-19
PL 7.78e-08 0.0004 0.0 1.00 -0.001-0.001 0.1177  -139.215  0.0001  0.0001
LL=-1.296
AP 2019-20 PL  -10.524 18766 -0.06 0.95 -378.343-357.293  0.104  -197.498  0.064 0.094
Cons -1.317 85.003 -0.02 0.988 -167.922-165.284 - - -
LL=-0.7112
TS 2018-19 PL  -7.508 1939 -3.87 0.00 -11.310-3.706 0269 -151.550  1.694 2.066
LL=-4.6623
TS 2019-20 PL 0158 2282 0.07 0.945 -4.315-4.631 0479  -37.912  0.0004  0.0004
LL=-2.5934
APITS2020-23 PL 0395  0.139 283 0.005 0.121-0.668 -1.324  -139.613  0.564 0.564
Cons -0124  0.714 -1.75 0.081 -0.265-0.0153 - - -
LL=28.4839

AP: Andhra Pradesh, TS: Telangana, df: degree of freedom, LL: Log Likelihood, MV: Measured Value, PL: Prescribed Limit,
AIC: Akaike Information Criterion, BIC: Bayesian Information Criterion, Dev.: Deviance, Pear: Pearson, CI: Confidential Interval
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Figure 3: Mobile Towers mapping using
Geographical Information System for 2020-
2023 for both the states. Geographic Infor-
mation System (GIS) mapping for mobile

towers for 2020-2023

From Table 2, the p>|z| value tests the null
hypothesis, where the parameter is nearly=0
or <=1. The p>|z| test compares each P-value
to the preselected value of alpha. Coefficients
with P-values less than alpha are statistically
significant.

Linear prediction graph (Figures 1 and 2),
xb computes the linear prediction from the
fitted model. All the models are estimation
sets of parameters b ,b,,..., b, and the linear
prediction is given as byj=b1x1j+ b2x2j+...+ bkxkj
expressed in matrix form as byjzij.

In a symmetric plot, like the ones shown in
Figures 1 and 2, data points that fall close to
the diagonal reference line indicate a sym-
metrical distribution of the measured values.
Then the points in the plot lie above the ref-
erence line, indicating the distribution of
MV. If MV is distributed symmetrically if
median - MV, = MV, . - median, where
MV, indicates the i"-order of the statistic
of the MV variable, and the graph is plotted
x=MV,. ., - median and y = median - MV .

The scatter plot is an excellent tool for an-
alyzing the two quantitative variables rela-
tionship. For each observation placed on the
graph point at the location corresponds to the
variable of X and Y. Figure 3 depicts the
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mobile towers’ geographical mapping using
GIS in few regions of AP and TS. The loca-
tion of the mobile tower is represented by red
color dots.

One of the excellent tools for examining
the two quantitative variables’ relationship is
a scatter plot. For each observation placed on
the graph point at the location corresponding
to the variable of Y and X. Figure 3 depicts the
geographical mapping of the mobile towers in
the few regions of AP and TS. The red points
in the map indicate the location of the mobile
tower in the region.

Accordingly, ELF fields’ exposure at high
field strengths [19] and RF-EMF are danger-
ous for the human body [20]. However, ELF
-EMF waves, ranging in the frequency band
of 0.01 Hz - 100 Hz [21] and RF fields with
frequencies about 10 MHz to 300 GHz were
considered [22].

Conclusion

The evaluation suggests that the exposure
to static and ELF electric and MF was able to
identify the knowledge gaps to improve health
risks. GLM model proved Z and p|z| to be zero
and less than one, and thereby statistically
significant. The confidental interval obtained
for measured value for Andhra Pradesh (2018-
2019) was 95% CI [0.0045 — 0.0111] and for
2019-2020, it was found to be 95% CI [0.0016
- 0.0028]. Similarly, the CI for the measured
value for Telangana in 2018 -2019 was 95%
CI [0.0500 — 0.0763] and for 2019-2020, it
was found to be 95% CI [0.0189 — 0.4345].

We suggest that the exposure to static and
ELF electric and MF can identify gaps to im-
prove health risk. GLM is the best statistical
model that proved Z and p|z| to be zero and
less than one. Coefficients with lower P-values
than alpha are statistically significant values.
The confidential interval was calculated for
measured value radiation for Andhra Pradesh
(2018-19) was 95% CI [0.0045 - 0.0111] and
for 2019-20 (95% CI1[0.0016 - 0.0028]). Next,
the CI for the measured value for Telangana

in 2018-19 was 95% CI [0.0500 - 0.0763] and
for 2019-20 (95% CI [0.0189 - 0.4345]).
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