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ABSTRACT

This study examines the impact of the base station mask on animal health using the West African
Dwarf (WAD) bucks. Environmental electromagnetic fields derive from man-made sources, such as
cell phones and base stations, and have contributed to heightened public awareness over their
potential detrimental human health effects. Twenty bucks, aged 3-6 years were randomly selected
based on the proximity to the mask station for this study. The animals were randomly selected into
five (5) groups: Group | (0-50m), Group Il (150 -200m), Group Ill (250-300m), Group 1V (350-400m),
and Group V >2000m with four (4) bucks per group. The results revealed that animals in Groups |,
Il and Il had more effect (p<0.05) on behavioral, physiological, and reproductive parameters, while
Groups IV and V produced a lesser effect (p>0.05). Hence, the electromagnetic radiation (EMR) from
the base station posed an adverse effect on West African Dwarf (WAD) Bucks’ welfare. The study
suggests that a residential building should be kept away from the base station masks.

Keywords: Electromagnetic radiation, base station masks, behavioural parameter, physiological
parameter, reproductive parameter, radiofrequency

INTRODUCTION

Electromagnetic radiation (EMR) or radiofrequency fields impact biological processes by
raising free radicals, which primarily improve lipid peroxidation, and thus modify the
antioxidant protection systems in human tissues, contributing to oxidative stress (Ozguner
etal., 2005). In recent years, the number of EMRs in our country has grown due to the large-
scale extension of communication networks such as mobile phones, base stations, WLAN,
Wi-Fi, Wi-MAX, etc. As a result, leakage of irradiation into the atmosphere is unavoidable
due to a growing apprehension about the modernization of society and technical
advancements that have driven people to the increasing use of electronic devices, which is
continually subjected to electromagnetic radiation and radio wave effects (Feychting et al.,
2005). In comparison to man-made sources, radiation from natural sources such as the sun
and the planet is routinely released (Zhang et al., 1995). As a result of the global concern
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for the potential health hazard induced by electromagnetic radiation (EMR), a considerable
amount of research has focused on the modulation of normal physiological function
especially the brain (Narayanan et al., 2009; Fragopoulou et al., 2010; Ammari et al., 2008
and Nittby et al., 2008).

Currently, there have been many studies referring to adverse effects due to exposure
to radiofrequency electromagnetic fields (RF-EMF). Harm to living tissue by radiation
involves modification of the cell structure and damage to DNA; the extent of damage
depends on the form of radiation. Some cells are often more susceptible to radiation; most
cell damage is healed; some cells do not heal as well and become cancerous (EPA, 2012).
Heat production and activation of the inducible nitric oxide (NO) synthase may be the cause
of the biological effects of EMF exposure (Paredi et al., 2001). ELF-EMFs have been related
to alterations in cell development, morphology, differentiation, death, and nerve impulse
transmission (Kerr et al., 1972; Pirozzoli et al., 2003; Grassi et al., 2004) and human fertility
(La Vignera et al., 2012).

Exposure to electromagnetic radiation (EMR) has increased the production of
reactive oxygen species (ROS), including superoxide anion, hydrogen peroxide, and
hydroxyl radicals (Aweda et al., 2003). Melatonin (N-acetyl-5-methoxy-tryptamine) is
primarily synthesized by the pineal gland and has been considered a potent antioxidant,
much more potent than vitamin E, and detoxifies a number of ROS in many
pathophysiological conditions (Pieri, and Marcheselli,, 1994; Ekmekcioglu, 2006) and is of
great concern to human health due to its increased usage in everyday life. In fact, MW
radiation raises the temperature of the biological system, i.e., thermal effects (Olcerst and
Rabinowitz, 1978; Adair and Peterson, 2002). Increasing use of cell phones and the number
of related base stations are becoming a widespread source of non-ionizing electromagnetic
radiation. Any biological consequences are expected to arise at low-level EM fields.

Increasing data show that oxidative stress can be associated with the adverse effects
of radiofrequency (RF) radiation on the brain. Since mitochondrial DNA (mtDNA) effect is
closely associated with numerous diseases of the nervous system, mtDNA is highly
susceptible to oxidative stress. It has significantly contributed to the exponentially growing
EMF smog, an unprecedented source of ambient radiation pollution that has driven scientists
to explore human effects. In addition, a complex reaction of the nervous system to
radiofrequency radiation (RFR) is based on length and amount of exposures and the
interaction of these two parameters (Lai, 1997). The precise mechanism underlying these
effects is yet unknown, but the consensus is that extremely low frequency field (ELF)
interacts with biological systems through electric fields, either applied or induced by time
varying magnetic fields (Liburdy, 1995). Microwave (MW) radiation from wireless
networking and a number of electrical equipment used in homes or healthcare
establishments may have harmful effects on reproductive patterns.

Therefore, there is a need to ascertain the effect of base stations or masks on some
physiological parameters using WAD Bucks. However, nothing has been done to determine
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the harm sustained to goats that are constantly exposed to EMFr present in the area. Initial
research showed that the reproductive organs of male rats were significantly damaged and
may have a comparable effect on higher mammals. Further study on the long-term effect of
RF-EMR from telecommunications using unrestrained WAD bucks in Nigeria is therefore
needed.

MATERIALS AND METHOD

Experimental Design

Twenty (20) healthy West African Dwarf. (WAD) bucks aged 3-6 years with the same
genetic background and within their home range were used for this study at ljan-Ekiti (7°37*
N 5°24'E), Ekiti State, Nigeria. They were randomly selected based on their proximity to
the mask station. The bucks were sample into five (5) groups; Group | (negative control) (0
- 50m); Group Il (150 -200m); Group 11 (250-300m); Group 1V (350-400m) and Group V
(positive control) (>2000m) comprising four (4) bucks per group.

Behavioural responses

The manifestations of behavioural activity were observed as described by Sofowora (1984),
and behavioural observations were measured and recorded using a categorical scale (Reis
and Judd, 2000).

Physiological parameters

Physiological parameters of the WAD-bucks were taken as reported by Fatoba et al (2006),
in which a clinical thermometer was used for the rectal temperature and a stethoscope was
used for pulse rate, heart rate, and the respiratory rate.

Semen collection and analysis

Semen was collected through the electro-ejaculator into a collecting tube while semen
evaluation was done according to Karagiannidis et al (2000) and Oyeyemi et al (2001)
procedures. The color of the semen was determined by visual evaluation. Mass activity was
determined within one minute of collection by a drop of concentrated semen without a slip
under low magnification (x4). The semen was placed in a buffer solution for further analysis.

Haematological Parameters

Blood samples were taken from each animal’s jugular vein in bottles labeled with ethylene
diamine tetra acetate (EDTA) for haematological determination using the Baker and
Silverton (1985) process.

Biochemical Parameters

This Article is Licensed under Creative Common Attribution-NonCommercial 4.0 International

(oo o]

66

https://creativecommons.org/licenses/by-nc/4.0



International Journal of Health and Medical Information
Volume 8, Number 2, August 2025
ISSN: 2350-2169(Print) 2795-3068(0Online)
Published By
International Centre for Integrated Development Research, Nigeria
In collaboration with

_______________________Coppentone University, Luanshya, Zambia __
Two (2) ml blood samples were dispensed into heparinized tubes (Vitic and Stevanovic,
1993; Nazifi et al., 2000) containing EDTA as anticoagulant after local disinfection with
methylated spirit using a 21 gauge 2.54 inch sterile needles and 5ml syringes for plasma.
Blood samples were allowed to clot at room temperature, the blood plasma separated and
transported within 60 minutes to the laboratory.3ml of blood samples were delivered into
heparinized tubes (without EDTA) and the blood serums were separated for 15 minutes by
centrifugation at 3000gm and processed at about 20°C before examination at the Chemical
Pathology Department of Okitipupa Specialist Hospital, Okitipupa, using suitable test Kits.
Sodium and potassium were determined with flame photometer (Hawk et al., 1954),
Calcium and magnesium by the atomic absorption spectrophotometer, Shimadzo, AA-670,
Kyoto, Japan (Gindler and King, 1972: Oser, 1979); Chloride by the calorimetric (Mercury
nitrate method); cholesterol (Allain et al., 1953) Glucose by the O-Toluidine method; Total
protein and Albumin by the Biuret method of Reinhold (1953). Alkaline phosphatases and
Enzyme transaminases were analyzed spectrophotometrically by using commercially
available diagnostic kits (Randox® test kits) as described (Reitman and Frankel, 1957).
Testosterone and FSH levels were determined by the ELA method using appropriate enzyme
immunoassay Test kits following the procedure of Nduka (1981), Dada et al. (1984), and
Forsberg et al. (1993).

Statistical Analysis

The data generated were analyzed using One-way ANOVA followed by Duncan’s Multiple
Range Test using SPSS Version 18.

RESULT AND DISCUSSION

Table 1: Behavioural Activity in WAD —Bucks following exposure to Electromagnetic
radiation

Parameters GROUPS

(%) | I i v Vv S.E
Activeness 25.00 25.00 50.00 75.00 100.00 0.7013
Alertness 25.00 25.00- 50.00 75.00 100.0 0.7013
Grooming 0.00° 25.00® 50.00® 75.00*  100.00* 0.9682
Restlessness 100.0° 100.00*° 75.00°  25.00° 25.00P 0.9682
Aggression 0.00°  0.00° 25.00°® 50.00®  100° 1.2245

Mating activity 0.00°  0.00° 25.00® 50.00®  100.00° 1.2245
a, b, c; values along the same row with different superscripts are significant (p<0.05)
S.E = Standard error

The behavioural responses are presented in Table 1. The animals show decreased
restlessness but increased alertness, activeness, grooming, aggression, and mating activity
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in the bucks across the groups. The effect was expressed (p<0.05) in grooming, restlessness,
aggression, and mating activity, while an insignificant difference (p>0.05) was observed in
activeness and alertness. The result could be non-thermal effects that have shown variations
in cell metabolism for both resonance absorption and induced EMFs (Aweda et al., 2003),
when neural structures are involved, often accompanied by a specific behavioral response
in migratory animals.

The results from the responses could be linked to the exposure of humans to EMR,
which had been linked to melatonin impairment (Wilson et al., 1990; Wood et al., 1998),
which caused a delay and reduced sleep, disorientation, confusion, and depression (Abelin
et al., 1999). This inhibits pineal gland development of melatonin (N-acetyl-5-methoxy-
tryptamine), which has been considered a powerful antioxidant, much more potent than
vitamin E, which in several pathophysiological states detoxifies a range of reactive oxygen
species (ROS) Pieri and Marcheselli, 1994; Ekmekcioglu, 2006) and possibly lack of
concentration which could made the bucks in I, I, and Il to exhibit these behaviours. The
result confirmed the works of Aweda et al (2003), Ozguner et al (2005), and Desad et al
(2009), who reported a consequence resulting from increased development of reactive
oxygen species (ROS), including superoxide anion, hydrogen peroxide, and hydroxyl
radicals, susceptibility to electromagnetic radiation (EMR). Electromagnetic radiation
(EMR) or cellular mobile phone radio frequency fields can affect biological systems by free
radicals (Grindler et al., 1992) and may affect recombinations of radical pairs (Kivrak et al.,
2017). They appear to increase lipid peroxidation and modify human tissues’ antioxidant
defense mechanisms, leading to oxidative stress.

These results suggest that the brain stress system is triggered after field exposure,
and it can be concluded that corticotropin-releasing factor (CRF) could be released from its
source (hypothalamic paraventricular nucleus magnocellular cells) and thus correlated with
the behaviors found in this study. The observed activity indicated a rise in brain CRF,
suggesting increased restlessness and depression as a result of stress exposure (Ciccocioppo
et al., 2001). In this respect, the evidence showed that all dopamine-related activities,
including sniffing, rearing, and locomotor operation, were enhanced in animals after field
exposure. The above-mentioned behaviors can be observed only after brain dopamine
increment (Richardson and Gratton, 1996), which is postulated to be involved in animal
feeding behavior (Salamone et al., 1997).

The findings of this study indicate that long-term exposure to low-intensity (pulsed)
electromagnetic radiation from GSM base stations can have major effects on the actions of
WAD bucks, causing restlessness reported in both humans and laboratory animals, and
demonstrating distance variations in response to the EMR source. RF-EMR activation and
exposure have been reported to result in adverse neurobehavioural development in both
animals and humans.
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Table 2: Biochemical parameters of the WAD bucks exposed to chronic electromagnetic
radiation

Parameters GROUPS
| 1 11 \Y/ V SEE

SODIUM  (mmol/L) 139.44 136.38 134.17 132.31 129.34 1.1763
POTASSIUM (mmol/L) 7.162 6.842 6.29? 4.34P 4.07° 1.6213
CALCIUM (mmol/L) 4,637 4.26% 4,032 3.17° 3.02° 1.1375
MAGNESSIUM (mmol/L) 3.178 3.062 2.982 2.28° 2.16° 0.6041
CHLORIDE (mmol/L) 137.06 136.53 134.27 131.32 132.04 1.1379
UREA (mmol/L) 5.742 5.572 5.272 3.25P 2.28P 0.7814
CHOLESTEROL (mmol/L) 7.432 7.282 6.872 4.32b 4.07° 0.7401
GLUCOSE ( mmol/L) 6.478 6.16% 5.892 3.78b 3.340 0.7923
TOTAL PROTEIN (mmol/L) 81.18% 72.378 65.212 56,78  52.43¢ 3.0372
ALBUMIN ( mmol/L) 42.162 39.532 35.16% 27.23¢  23.71° 1.1274

a,b,c; values along the same row with different superscripts are significant (p<0.05)
S.E = Standard error

The biochemical parameters are shown in Table 2. The results revealed that some of
the blood electrolytes did not significantly differ (p>0.05) for two parameters, which are
sodium and chloride, but were significant (p<0.05) in potassium. The two minerals
(magnesium and calcium) were significantly different (p<0.05). This shows decreased urea
and serum metabolites (cholesterol and glucose), total protein and albumin values were
noticed across the table and were statistically different (p<0.05). All the biochemical indices
decreased across the table and followed the same trends. However, experiments have also
demonstrated the influence of 2.45-GHz electromagnetic radiation on blood biochemical
parameters, hormones, the immune system, and the reproductive system (Aweda et al.,
2003; Hossmann and Hermann, 2003; Kim et al., 2019).

In addition, the effect of waves on the stress system depends on the time of exposure.
The result on plasma glucose level confirmed the report of Mahdavi et al (2014) who stated
elevated values with RF-EMF. The high glucose levels could be a result of stressful
situations, which might interrupt and cause glucose metabolism in the brain of the bucks
upon exposure to RF-EMF, which provides evidence that the brain is sensitive to RF-EMF
effects (Volkow et al, 2011). The ability of the RF-EMT to interfere with and cross the
blood-brain barrier has been reported, which could account for a decrease in insulin
production (Li and Dai, 2005; Sakurai and Satake, 2004) and leakages of glucose in the
bloodstream (Havas, 2008). Increased blood urea in WAD bucks may be due to heat stress,
which may mean the kidneys encountered induced blood flow during heat stress.

Radiofrequency EMF-mediated compromised blood and kidney function in different
experimental animal organs has also been reported (Zare, Alivandi & Ebadi., 2007). These
modifications have been shown to occur after exposure to the electromagnetic field could
be due to changes in the field's ability to alter protein function both within and/or outside
the cell (Kula et al., 1999; Levitt, 2008). RF-EMFs released from mobile phones are taken
into the brain to a degree that may affect neuronal function (Kleinhegel et al., 2008; Jeong
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et al., 2015; Jiemg et al., 2016) and may allow Albumin to leak through the blood brain
barrier (Salford et al., 1994, 2003, 2008; Nittby et al., 2009). Exposure to radiofrequency
electromagnetic field (EMF) levels that raise brain temperature by more than 1°C, and will
reversibly increase the permeability of the blood brain barrier (BBB) to macromolecules.
The exposure of EMR changes the permeability of BBB (Johnson and Guy, 1972).

Table 3: Plasma Concentrations of Hormone and Enzyme Activities in WAD-Bucks

following chronic exposure to EMR.
Parameters GROUPS
| Il 11 WY Vv S.E
Alkaline Phosphatase (1U/L) 343.000  331.75*  260.00° 83.75° 2150¢  5.7140
Alanine aminotransferase (IU/L)  31.25? 30.00? 28.00°  11.25°  07.25°  4.7145
Aspartate aminotransferase(lU/L)  344.00? 337.25? 297.50°  52.50° 23.00° 5.5507
Testosterone (ng/ml) 1.55° 1.88° 2.10P 2.85P 7.20° 0.8281
a,b,c,d; values along the same row with different superscripts are significant (p<0.05)

S.E = Standard error

The hormonal and enzyme activities are presented in Table 5. The enzyme activities ALP,
AST, and ALT were decreased (p<0.05), but increased (p<0.05) hormonal testosterone
levels were observed across the groups. The bucks in Group | had the highest values of
enzyme activity, and the lowest occurred in Group V, which were found to be statistically
different (p<0.05). However, Group V had the highest testosterone values, and Group |
produced the lowest values, which were statistically different (p<0.05). These data show
that one of the most influential organs that can be activated following field exposure to the
brain is shown by behavioural and hormonal changes in animals. The finding was consistent
with the report of Zare et al. (2007) that radiofrequency EMF caused dysfunction in multiple
experimental animal organs. However, elevated AST levels occur with damage to the heart
and skeletal muscles and to the liver (Vozarova et al., 2002). In addition, stress can directly
influence the brain dopamine system by interfering directly with the enzyme tyrosine
hydroxylase receptors for corticosterone and D1 (Czyrak et al., 2003).

Serum transaminases (AST, ALT) and ALP) exhibited significant increase in
Electromagnetic field influenced bucks compared to group V which in agreement with a
study done by Pashovikna and Koev (2011) which have been identified as unique enzymes
that increase hepatic diseases with toxic damage to liver cells The elevated enzymatic values
following exposure to EMF radiation can be due to direct damage induced by radiation and
to the overproduction of ROS by microwave radiation.

Therefore, increases in antioxidants may be due to the degradation of the cell
membrane in the liver. The observed elevated values of enzymes may be due to the rate and
quantity of biochemical reaction products that could be impaired by EMF radiation via a
free radical process, including direct enzyme action, and could also account for the
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differences found in these enzyme parameters. The perception of the influence of EMR on
the blood and blood-forming mechanisms has been reported to rely on the absorption of
biological potentials and the thermoregulatory system of the irradiated organism, in line
with the effects on the animal (Till et al., 1998). The observation on the behavioural and
physiological parameters revealed that the RF-ELF impartation was on animals at home
range < 350m, which was corroborated with the value of < 300m (Santini et al. 2002).

Table 4: Physiological parameters of WAD Bucks upon chronic exposure to
Electromagnetic radiation

Parameters GROUPS
| 1 1 \Y V S.E
Heart rate (beats /min) 122.008 120.00° 116.00°  100.00°  91.50° 1.4080

Respiratory rate (beats /min) ~ 45.00°  40.00%  39.50° 30.00¢ 29.00° 1.4514
Rumination rate (beats /min) ~ 36.50*  34.00%  30.50% 29.00°¢ 28.00° 2.1065

Rectal temperature (°C) 39.508  39.25°  38.25P 37.50  37.00° 1.2384
Scrotal Temp. 36.50 36.45 36.03 36.08 35.94 0.3122
Packed cell volume (%) 14.27°¢ 18.13°¢ 20.47b¢ 27.65% 31.632 1.8499
Red blood cell (RBC) 4.48° 6.87¢ 9.74bc 12.32% 15.41° 1.7141
White blood cell (WBC) 28.37° 24.81° 18.16° 11.24°¢ 08.29° 2.4967

a,b,c; values along the same row with different superscripts are significant (p<0.05)
S.E = Standard error

Some physiological parameters of the bucks were shown in Table 4. The heart respiratory
rate, rumination rates, and rectal temperature values were decreased across the groups. The
animals in Group | had the highest values of rectal temperature, heart, respiratory, and
rumination rates, and the lowest in Group V. The results of some physiological parameters
of the bucks used in the study revealed a significant difference (p<0.05) in the parameters
determined. Rectal temperature was highest in Group | and lowest in Group V, and the
values followed the trend of Groups | > 11 > I1l > IV >V and were significantly different
(p<0.05). However, rectal temperature shows no significant difference (p>0.05) between IV
and V, which signifies that the EMR did not produce a harmful effect on the parameter
tested. The results obtained on rectal temperature have been linked to the brain’s blood
circulation, which can reduce the excess heat by increasing local flow and may be due to
this thermal effect (Thomee et al., 2007). Preliminary studies have already reported that
EMR affects brain functioning and behaviours (Fernie and Reynolds, 2005; Hamblin and
Wood, 2002). For example, the electromagnetic field generated by a mask modifies brain
excitability and enhances electroencephalogram alpha-band power.

Rectal temperature is usually known to be a reasonable index of deep body
temperature, even though there is significant variance at various periods of the day, the
higher magnitude of the rise in rectal temperature of the WAD goats during the season (heat
stress) implies that these animals can store body heat during the heat stress period and can
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promote the loss of water and increased use of energy correlated with increased respiratory
rate. The hematological parameters are presented in Table 4. The findings revealed an
improvement in (p<0.05) Packed Cell Volume and Red Blood Cell with reduced (p<0.05)
White Blood Cell values between the groups. EMF has a different impact on RBCs, and this
effect can be determined by the selective activity of EMF on haematopoietic processes and
the rhythm of cell maturation. An increase in WBC in bucks may be a sign of a self-defense
strategy against foreign bodies (Abbas et al., 1995). The findings showed that the PCV,
RBC, and WBC of the bucks had been influenced by the EMF. Reduction in RBC in group
I may mean stress in the animal system and suggest that EMR may cause ROS cell damage
and destruction to hepatocyte liver cell membranes. PCV decreased relative to group V,
which can be expounded as a result of a significant decrease in Hb, which could cause a
decrease in RBC size and a final decrease in PCV which could result in anaemia (Adebayo
and Olabisi, 2018), Haemolyticanaemia is mainly the result of increased red cell destruction
(Bullmore and Sporns, 2009) that stimulates erythropoiesis. Measurements of enhanced red
cell loss and parameters of rapid erythropoiesis, where the reticulocyte count is assessed,
should be used in the assessment of potential haemolyticstytes. These observations are
consistent with Lahijani et al. (2009) that intense sensitivity to ELF-EMF contributes to
increased oxidative stress in chick embryonic cells and human erythrocytes.

Exposure of some experimental models to EMF has led to a significant increase in
WBC counts and some differential WBC counts over time (Rusnani et al., 2008). Elevated
WBC counts can represent inflammation (Sabatire et al., 2002) and cause damage to RBC
counts and their indices (Jibreal et al., 2018). The significant increase in overall WBC count
is due to a significant increase in lymphocytes; the adverse effect of exposure to
electromagnetic waves triggers the haemopoietic system to release more lymphocytes,
resulting in an increase in their number in the bloodstream (Jibreal et al., 2018). The
decrease in RBC counts in animals exposed to EMF can be deduced by the effect of EMR
on the haematopoietic radiation system and by the high mitotic activity of the bone marrow,
which makes it the most susceptible organ system to radiation (Adebayo and Olabisi, 2018).
This drop is a sign of various forms of anemia (Adebayo and Olabisi, 2018; Jibreal et al.,
2018). The findings of this research thus indicate that long-term sensitivity to low-intensity
(pulsed) electromagnetic radiation from GSM s likely to disrupt the physiological
parameters. The findings are consistent with Michal and Marta (2004), who have shown that
extremely ELF-EMF exposure can activate the immune system by reducing serum levels of
ACTH and cortisol, which may have adverse effects on blood components and their
function. Although there are changes in haematological parameters, these can be due to
differences in the frequency of the EMF used and/or length, distance, and time of exposure,
the mitotic rate of the exposed cell population, and the differences in the animal species
used (Adebayo and Olabisi, 2018; Jibreal et al., 2018). The exposure of bucks to
electromagnetic  fields alone exhibited a general increase in  WBCs
(leukocytosis). Significant decline was recorded related RBC, PCV compared to Group V.
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This finding agrees with Abdel Aziz et al. (2010), that several haematological variables
(WBC, RBC, and PCV) are sensitive to RF/MW exposure. Radiation alters sleep rhythm,
influences the cancer-fighting ability by damaging the immune system, and changes the
form of electrical and chemical signals that interact between cells. The variation causes
functional changes in the nervous system, allowing red blood cells to leak heamoglobin,
leading to heart disease and kidney stones.

Table 5: Effect of Electromagnetic radiation on Spermiogramic parameters of WAD-Bucks

TREATMENTS

Parameter | I 11 v \Y S.E
Colour milky  Milky Milky Milky milky -
Mass activity 2.0° 2.0° 2.0° 2.5 3.0 1.7326
Mass motility 40°¢ 43¢ 45° 58P 75%  3.0045
Spermconc. (x 107)  5.45%  572%® 6,18" 7.21° 7.34°  0.8765
Sperm abnormality 707 65% 53° 28° 20 2.9649

a, b, ¢, d; values along the same row with different superscripts are significant (p< 0.05)
S.E = Standard error

The reproductive parameter is shown in Table 5. The semen colour was milky with
increased mass activity, motility, and sperm concentration but decreased abnormality across
the tested groups. The effects of EMR on the mass motility and concentration of the semen
of the animals exposed were an increase in its activity (p<0.05). The values of the Groups
I, 11, and 111 are similar (p>0.05) but differ (p<0.05) from Groups Il and I. The abnormality
was significantly higher (p<0.05) following EMR exposure. The observation in the study
indicated that electromagnetic fields (EMF) increase free radical activity in cells (Lai and
Singh 1997; Simka et al 2007), through Fenton reaction (Lai and Singh, 2004), The Fenton
reaction is a catalytic mechanism of iron converting hydrogen peroxide, a result of oxidative
respiration in mitochondria, into a hydroxyl free radical, which is a very potent and harmful
free radical and thus affects DNA by an indirect secondary process. The use of mobile
phones by men is associated with reduced semen content, sperm count, motility, viability,
and normal morphology and is related to cell phone use (Agarwal et al., 2006).

However, the level of harm is likely to increase with the exposure time (Forgacs et
al., 2006). Hales et al. (2005) documented oxidative stress at the level of the testes that is
capable of disrupting the steroidogenic genotoxicity of the Leydig cells and the ability of
germinal epithelium to differentiate normal spermatozoa (Naughton et al., 2001). Results
show that the semen features were compromised by the EMR. The result obtained from this
work explains the restlessness observed in the treated Groups, which is in line with the
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interference of mobile phones with brain modulation associated with continuous use of the
phone (Eberhardt et al. 2008). The observed decrease in sperm concentration following
exposure to radiation and the accompanying steady proportion of abnormal spermatozoa
indicated that the radiation had an adverse effect on the spermatogenic cells. This could be
due to the presence of gamma rays, which could affect the epididymal sperm and
spermatogenic efficiency due to an effect on the testes (La Vignera et al., 2012). The
increase in spermatozoa abnormalities in this study indicates that the EMR caused a high
destruction of spermatozoa and inhibited the maturation of sperm cells. The findings of this
study indicate that long-term exposure to low-intensity (pulsed) electromagnetic radiation
from GSM base stations can have major effects on populations of WAD bucks, as reported
for wild birds (Fernie & Reynolds, 2005).

CONCLUSION

The present research found that the effects of electromagnetic field exposure on animals
depend on distance and time. This finding suggests that the mechanism(s) that regulate the
body’s fuel may be affected by RF-ELF, with the subsequent production of potentially
harmful electromagnetic fields (EMF) following heat and activation of the inducible form
of nitric oxide (NO) synthase, may be the source of the biological effects of EMF exposure
found in this research. The results may therefore corroborate and justify some of the health
problems encountered by settlers living near telecommunications base stations and fairly
manifested on internal organs found in ionizing radiation studies. The study showed that the
reproductive organs of WAD bucks were significantly disrupted and may have a similar
impact on higher mammals. It is proposed that more research be performed on the long-term
impact of telecommunications RF-EMR on other animal species. The ionizing variety can
be undesirable because it can cause DNA damage and mutations, so we should all restrict
our exposure to its sources, radioactive materials, and solar radiation, among them. Based
on the findings, we recommend residential buildings should be a minimal distance of >350m
from the base stations.

Conflict of interest
The author declares no Conflict of interest

Funding
The work was not supported by any organization

REFERENCES

Abbas, A. K., Perez, V. L., VanParijs, L. and Wong, R. C. K. (1995). Differentiation and
tolerance of CD4* T lymphocytes Ciba Foundation Symposium. 7-19.

This Article is Licensed under Creative Common Attribution-NonCommercial 4.0 International

(oo o]

74

https://creativecommons.org/licenses/by-nc/4.0



International Journal of Health and Medical Information
Volume 8, Number 2, August 2025
ISSN: 2350-2169(Print) 2795-3068(0Online)
Published By
International Centre for Integrated Development Research, Nigeria
In collaboration with

_______________________Coppentone University, Luanshya, Zambia __

Abdel Aziz, I., EI-Khozondar, H. J. Shabat, M., Elwasafe, K., Mohamed-Osman, A. (2010).
Effect of electromagnetic field on body weight and blood indices in albino rats and the
Therapeutic action of Vitamin Cand E. Romanian J. Biophys, 20(3): 235-244.

Abelin, T. (1999), Sleep disruption and melatonin reduction from exposure to a shortwave
radio signal, Seminar at Canterbury Regional Council, New Zealand, August, 1999.

Adair E. R. and Peterson C. (2002). Biological Effects of Radiofrequency/Microwave
Radiation IEEE Transactions on Microwave Theory and Techniques 50 (3) 953-962

Adebayo, EA and Olabisi, O Bio-physical effects of radiofrequency electromagnetic
radiation (RF-EMR) on blood parameters, spermatozoa, liver, kidney and heart of
albino rats. Journal of King Saud University —Science.2018; 31(4) pp 813-821
http;//doi.org/10.1016/j.jksus.2018.11.007

Agarwal A., Prabakaran S. A., Ranga G., Sundaram A. T., Sharma R. K., Sikka S. C.,
(2006). Relationship between cell phone use and human fertility: an observational
study, Oasis, The Online Abstract Submission System, 2006

Allain, C. C; Poon, L. S; Chen, C. G. S; Richmond, W and Fu, P (1974). Enzymatic
determination of total serum cholesterol. Clin. Chem. 20; 476- 482.

AL-Qudsi, F. and Solafa, A. (2012). Effect of electromagnetic mobile radiation on chick
embryo development. Life Science J. 9 983- 001.

Ammari, M.Jacquet, A; Lecomte, A; Sakly, M; Abdelmelek, H; de Seze, R. (2008) Brain
Injury, 22 (13-14):1021-1029.

Aweda, M. A; Gbenebitse, S and Meidinyo, R. O. (2003). Effects of 2.45 GHz microwave
exposures on the peroxidation status in Wistar rats. Niger Postgrad Med J. 10 (4):243-
246.

Baker, F. J. and Silverton, R.E. (1985). Introduction to Medical Laboratory Technology (6™
edn). Butterworth and Publishing co. pp 323- 521.

Bullmore E, Sporns O. (2009). Complex brain networks: graph theoretical analysis of
structural and functional systems. Nat Rev Neurosci. 2009; 10:186-198.

Ciccocioppo, R, Martin-Fardon, R, Weiss, F, Massi, M. (2001). Nociceptin/orphanin FQ
inhibits stress-and CRF-induced anorexia in rats. Neuroreport. 12:1145-1149

Czyrak, A, Mackowiak, M, Chocyk, A, Fijal, K, Wédzony, K. (2003). Role of
glucocorticoids in the regulation of dopaminergic neurotransmission. Pol J Pharmacol.;
55:667—674.

Dada, O. A; Osinusi, B. O; Nduka, E. U; Osotimehin, B. O and Ladipo, O. A (1984). 17-i
estradiol, progesterone and testosterone in Animal menstrual cycle of Nigerians. Int. J.
Gynaecology and Obsterics 22: 151- 154.

Desai, N., Kesari, K. K., Agarwal, A. (2009). Pathophysiology of cell phone radiation
oxidative stress and carcinogenesis with focus on male reproductive system. J
Reproductive Biol. Endocrinol. 7 (114), 120

Eberhardt, J. L, Persson, B. R, Brun, A. E, Salford, L. G and Malmgren, L. O. (2008). Blood-
brain barrier permeability and nerve cell damage in rat brain 14 and 28 days after

This Article is Licensed under Creative Common Attribution-NonCommercial 4.0 International

(oo o]

75

https://creativecommons.org/licenses/by-nc/4.0



International Journal of Health and Medical Information
Volume 8, Number 2, August 2025
ISSN: 2350-2169(Print) 2795-3068(0Online)
Published By
International Centre for Integrated Development Research, Nigeria
In collaboration with
Copperstone University, Luanshya, Zambia

exposure to microwaves from GSM mobile phones. ElectromagnBiol Med. 27(3):215—
229

Ekmekcioglu, C. (2006). Melatonin receptors in Humans: Biological role and chemical
relevance. Biomed. Pharmacother. 60 (3): 97-108.

EPA. (2012). Radiation: Facts, Risks and Realities -402-K-10-008.

Fatoba, T. A, and Ajigbogun, O. O. (2015). Effect of Aqueous root extract of Senna siamea
Lam. on Physiological parameters of male Wistar rats. Proc 49" Ann Conf of Agric
Soc Nig (ASN), Nov 91-13™ 2015, Delta State University Asaba Campus, Asaba, Delta
State. pp 854-857.

Feychting M, Ahlbom, A, Kheifets, L. (2005). EMF and health. Annu. Rev. Public Health.
26:165-189. Fernie, K. J, Reynolds, S. J. (2005). The effects of electromagnetic fields
from power lines on avian reproductive biology and physiology: A review. J Toxicol
Environ Health B Crit Rev; 8(2):127-140. Doi: 10.1080/10937400590909022.

Forgacs, Z., Somosy, Z., Kubinyi, G. Bakos, J., Hudak, A., Surrjan, A., Thuroczy, G.,
(2006). Effect of whole -body 1800 MHz GSM-like microwave exposure on testicular
steroidogenesis and histology in mice. Reprod. Toxicol. 22, 111-117.

Forsberg, M; Tagle, R; Madej, A; Molina, J. R; Carlason, M. A (1993). Radioimmunoassay
of bovine, ovine and porcine luteinizing hormone with a monoclonal antibody and a
human tracer. Acta Vet. Scand. 34: 225- 262.

Fragopoulou, A, F. Miltiadous, P. Stamatakis, A. Stylianopoulou, F. Koussoulakos, S. L,
(2010). Margaritis. Pathophysiology, (17): 179-187.

Gindler, M.E and King, J. D (1972). Rapid colorimetric determination of calcium in
biological fluids with methyl tymol blue. American Journal of Chemical Pathology.
58:376- 382.

Grassi, C, D. ’Ascenzo, M, Torsello, A, Martinotti, G, Wolf, F, Cittadini, A, Azzena, G. B.
(2004). Effects of 50Hz electromagnetic fields on voltage-gated Ca?* channels and their
role in modulation of neuroendocrine cell proliferation and death. Cell Calcium.
35:307-315.

Grundler W, Kaiser F, Keilmann F, Walleczek J. (1992). Mechanisms of electromagnetic
interaction with cellular systems. Naturwissenschaften. 79:551-559

Hales D. R., Allen, J. A., Shankara, T., Janus, P., Buck, S., Diemer, T., Hales, K. H. (2005).
Mitochondrial function in Leydig cell steroidogenesis. Ann. N. Y. Acad. Sci. 1061,
120-134.

Hamblin, D. L. and A. W. Wood, (2002). “Effects of mobile phone emissions on human
brain activity and sleep variables,” Int. J. Radiat. Biol., VVol. 78, No. 8, 659-669.

Havas, M. (2008). Dirty electricity elevates blood sugar among electrically sensitive
diabetics and may explain Brittle Diabetes. Electromagnetics, 26Biol. Med. 27(2): 135-
146.

Hawk, B. P; Oser, L. B and Sammarsen, H. V (1954). Practical Physiological Chemistry.
McGraw Hill Book Co, New York pp 120- 125.

This Article is Licensed under Creative Common Attribution-NonCommercial 4.0 International

(oo o]

76

https://creativecommons.org/licenses/by-nc/4.0



International Journal of Health and Medical Information
Volume 8, Number 2, August 2025
ISSN: 2350-2169(Print) 2795-3068(0Online)
Published By
International Centre for Integrated Development Research, Nigeria
In collaboration with

_______________________Coppentone University, Luanshya, Zambia __

Hossmann K. A and Hermann, D. M. (2003). Effects of electromagnetic radiation of mobile
phone on the central nervous system. 24 (1) 49-62.

Jbireal, J. M., Azab, A. E., Elsayed, A. S. I. (2018). Disturbance in haematological
parameters induced by exposure to electromagnetic fields. Hematol. Transfus. Int. J.
6(6): 242-251.

Jeong, Y. J, Kang, G-Y, Kwon, JH, Choi, H-D, Pack, J-K, Kim, N., Lee, Y-S, Lee, H-J
(2015). MHz electromagnetic fields ameliorate ap pathology in Alzheimer disease
mice. Curr. Alzheimer Res. 1950(12); 481-492.

Jiang. D-P. Li, J. H, Zhang, J. Xu, S-L Kuangpul, F. Lang, H-Y, Wang, Y-F, An, G-Z, Li,
J. Guo, G-Z (2016). Long term electromagnetic pulse exposure induces Abeta
deposition and cognitive through oxidative stress and over expression of APP and
BACEL. Brain Res. 1642: 10-19.

Johnson, C. C and Guy A. W. (1972) Nonionizing electromagnetic wave effects in
biological materials and systems. Proc IEEE; 60, 692-718.

Karagiannidis, A., Varsakeli, S., Alexopoulos, C. and Amarantidis, 1. (2000). Seasonal
variation in semen characteristics of Chios and Friesian rams in Greece. Small
Ruminant Research 37:125-130.

Kerr, J. F, Wyllie, A. H, Currie, A. R. (1972). Apoptosis: a basic biological phenomenon
with wide-ranging implications in tissue Kinetics. Br. J. Cancer.; 26; 239-257.

Kim, J. H., Lee, J. K., Kim, H. G., Kim, K. B and Kim, R. K. (2019). Possible effect of
radiofrequency electromagnetic field exposure on central nerve system. Biomol. Ther.
(Seoul) 27(3) 265-275.

Kivrak, E. G; Yurt, K. K; Kaplan, A. A.; Alkan,l and Altun, G. (2017). Effect of
electromagnetic fields exposure on the antioxidant defense system. J Microsc
Ultrastruct 5 (4) 167- 176

Kleinlogel, H. Dierks, T., Koenig, T., Lehmann, H., Minder, A., Berz, R. (2008). Effects of
weak mobile phone electromagnetic fields (GSM, UMTS) on event related potentials
and cognitive function. Bioelectromagnetics. 29(6): 488-497.

Kula B, Sobczak A, Grabowska-Bochenek R, Piskorska D. (1994). Effect of
electromagnetic field on serum biochemical parameters in steelworkers. J. Occup.
Health.41:177-180.

Lahijani, M. S, Tehrani, D. M, Sabouri, E. (2009) Histopathological and ultrastructural
studies on the effects of electromagnetic fields on the liver of preincubated white
leghorn chicken embryo. ElectromagnBiol Med. 28:391-413.

Lai, H. (1997). Neurological Effects of Radiofrequency Electromagnetic Radiation Relating
to Wireless Communication Technology. Paper presented at the IBC-UK Conference:
“Mobile Phones — Is there a Health Risk?” 1997, September 16-17. Brussels, Belgium.

Lai, H., Singh, N. P. (1997). Melatonin and N-tert-butyl-alpha-phenylnitrone block 60-Hz
magnetic field-induced DNA single and double strand breaks in rat brain cells, Journal
of Pineal Research, 22, 152-162, 1997

This Article is Licensed under Creative Common Attribution-NonCommercial 4.0 International

(oo o]

77

https://creativecommons.org/licenses/by-nc/4.0



International Journal of Health and Medical Information
Volume 8, Number 2, August 2025
ISSN: 2350-2169(Print) 2795-3068(0nline)
Published By
International Centre for Integrated Development Research, Nigeria
In collaboration with
Copperstone University, Luanshya, Zambia

La Vignera, S.; Condorelli, R. A.; Vicari, E.; D'Agata, R.; Calogero, A. E. (2012). Effects
of the exposure tomobile phones on male reproduction: a review of the literature. J.
Andrologia. 33: pp. 350-356.

Levitt MH. Spin dynamics: basics of nuclear magnetic resonance. John Wiley & Sons,
England 2008

Li, L., Dai, Y. (2005). Pulsed electric field exposure of insulin induces anti-proliferative
effects on human hepatocytes. Bioelectromagnetics, 26: 639-647.

Liburdy, R P (1995). Cellular studies and interaction mechanism of extremely low
frequency fields. Radio Science. 30 (1)

Michal, K., Marta, W. O. (2004). Electromagnetic fields and human endocrine system. Sci
World J. 4:23-28.

Mahdavi, S. M; Sahraei, H., Yaghmaei, P. and Tavakoli,H..(2014). Effects of
Electromagnetic Radiation Exposure on Stress-Related Behaviors and Stress Hormones
in Male Wistar Rats. BiomolTher (Seoul). ; 22(6): 570-576.

Narayanan, S. N., Kumar, R. S., Potu, B, K., Nayak, S., Mailankot. M. (2009). Spatial
memory performance of Wistar Rats exposure to mobile phone.Clinics (Sao Paulo), 64
(3): 231-234.

Naughton, C. K., Nangia, A. K., Agarwal, A., (2001). Pathophysiology of varicoceles in
male infertility. J Human Reprod. Update 7, 473- 481.

Nazifi, S; Dehghani, S; Barzegar, M. R (2000). Evaluation of cellular and biochemical
parameters of blood and peritoneal fluid following enterectomy in the goat. Small
Ruminants Research. 37: 65- 71.

Nduka, E. U. O (1981). Prostaglandin and gonadotropin stimulation of testosterone
secretion in the rat testis, P.Hd. Thesis, University of Ibadan, Ibadan.

Nittby, H., Grafstrom, G., Tian, D. P.,Malmgren, L.,Brun, A.,Persson, B. R. R.,Salford, L.
G. and Eberhardt. J. (2008). Bioelectromagnetics, (29): 219-232.

Nittby,H; Brun, A.; Eberhardt, J. Malmgren, L Person, B. R.; Salford, L. G. (2009).
Increased blood brain barrier permeability in mammalian brain, 7 days after exposure
to the radiation from GSM maobile phone. Pathophysiology, 1, 103-112.

Olcerst, R. B; Rabinowitz, J. R (1978). Studies on the interaction of microwave radiation
with cholinesterase. Radiation and environmental biophysics 15 (3) 289-295.

Oser, B. 1 (1979). Hawk'’s Physiological Chemistry McGraw Hill, New Delhi pp 1054.

Oyeyemi, M.O., Akusu, M.O., Ola Davies, O.E. (2001). Effects of successive ejaculation
on the spermiogram of West African Dwarf Goats. Israel Veterinary Medical
Association 56(4).

Ozguner F, Altinbas A, Ozaydin M, Dogan A, Vural H, Kisioglu A. N, Cesur G & Yildirim,
N. G. (2005). Mobile phone-induced myocardial oxidative stress: protection by a novel
antioxidant agent caffeic acid phenethyl ester. Toxicollnd Health. 21(9):223-230,

Paredi, P, Kharitonov, S. A, Hanazawa, T & Barnes, P, J (2001). Local vasodilator response
to mobile phones. Laryngoscope 111(1):159-162.

This Article is Licensed under Creative Common Attribution-NonCommercial 4.0 International

(oo o]

78

https://creativecommons.org/licenses/by-nc/4.0


https://www.ncbi.nlm.nih.gov/pubmed/?term=Mahdavi%20SM%5BAuthor%5D&cauthor=true&cauthor_uid=25489427
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sahraei%20H%5BAuthor%5D&cauthor=true&cauthor_uid=25489427
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yaghmaei%20P%5BAuthor%5D&cauthor=true&cauthor_uid=25489427
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tavakoli%20H%5BAuthor%5D&cauthor=true&cauthor_uid=25489427
file:///C:/Users/DR%20FATOBA/Desktop/Effect%20or%20electromagnetic%20wave%20on%20animals/Effects%20of%20Electromagnetic%20Radiation%20Exposure%20on%20Stress-Related%20Behaviors%20and%20Stress%20Hormones%20in%20Male%20Wistar%20Rats.htm

International Journal of Health and Medical Information
Volume 8, Number 2, August 2025
ISSN: 2350-2169(Print) 2795-3068(0Online)
Published By
International Centre for Integrated Development Research, Nigeria
In collaboration with

_______________________Coppentone University, Luanshya, Zambia __

Pashovikna, M. & Koev, A., (2011). The liver enzyme s which increase in hepatic diseases
and toxic damage of liver cells boil. Radioecol 41, 62-68.

Pieri, C. and Marcheselli, F. (1994). Melatonin; A peroxyl radical scavenger more effective
than Vitamin E. Life Science. 55(15) 271-276

Pirozzoli, M., Marino, C., Lovisolo, G., Laconi, C., Mosiello, L. and Negroni, A. (2003)
Effects of 50 Hz electromagnetic field exposure on apoptosis and differentiation in a
neuroblastoma cell line. Bioelectromagnetics 24, 510-516.

Reinhold, O. J (1953). Manual determination of total serum proteins. Albumin and globulin
fractions by Biuret method in standard methods of Clinical Chemistry. Academic Press,
New York.

Reis, H. T and Judd, C. M. (2000). Handbook of Research Methods in Social and Personality
Psychology. Cambridge University Press, London Page 322.
http://books.google.com/bookszid=j7aawGLb+E0z8pg=PA3228dg=scale+.

Reitman, S and Frankel, A (1957). Method of transaminase determination in serum. Amer.
J. Clin. Path. 28: 56- 96.

Richardson, N.,Gratton,A. (1996). Behavior-relevant changes in nucleus accumbens
dopamine transmission elicited by food reinforcement: an electrochemical study in rat.
J Neurosci.; 16:8160-8169.

Rusnani, A., Norhayati, M. N., Norani, S. S. (2008). Microwave radiation effect-A test on
white mice. International RF and Microwave conference.

Sabatire, M. S., Morrow, D. A., Cannon, C. P.,, Murphy, S. A., Demopoulos, L. A.,
DiBattiste, P. M. (2002). Relationship between base live white blood cell count and
degree of coronary artery disease and mortality in patients with acute coronary
syndromes: a TACTICS-TIMI 18 ((Treat angina with Aggrastat and determine cost of
Therapy with an Invasive or conservative Strategy-Thrombolysis in myocardial
infarction 18 btrial) Substudy. J. Am. Coll. Cardiol. 40: 1761-1768.

Sakurai, T and Satake, A. (2004). An extremely low frequency magnetic field attenuates
insulin secretionfrom the insulinoma cell line, RIN-m. Bioelectromagnetics. 25: 160-
166.

Salamone J, Cousins M, Snyder B. (1997). Behavioral functions of nucleus accumbens
dopamine: empirical and conceptual problems with the anhedonia hypothesis. Neurosci
Biobehav ; Rev. 1997;21:341-359.

Salford, L. G. Brun, A.., Sturesson, K., Eberhardt, J. L L Persson, B. R.(1994) Permeability
of the blood-brain barrier induced by 915MHz electromagnetic radiation, continuous
wave and modulated at 8, 18, 50 and 200 HZ. Microsc Res. Tech. 27; 535-542.

Salford, L.G., Brun, A. E., Eberhardt, J.J. Malmgren, L. Person, B. R. (2003). Nerve cell
damage in mammalian brain after exposure to microwaves from GSM Mobile phones.
Environ. Health Perspect. 111; 881-883.

Salford, L. Nittby, H., Brun, A. Graftstrom, G., Malmgren, L. Sommarin, M., Eberhardt, J.
J. Widegren, B., Person, B. (2008). The mammalian brain in the electromagnetic fields

This Article is Licensed under Creative Common Attribution-NonCommercial 4.0 International

(oo o]

79

https://creativecommons.org/licenses/by-nc/4.0



International Journal of Health and Medical Information
Volume 8, Number 2, August 2025
ISSN: 2350-2169(Print) 2795-3068(0Online)
Published By
International Centre for Integrated Development Research, Nigeria
In collaboration with
Copperstone University, Luanshya, Zambia

designed by man with special reference to blood -brain barrier function, neuronal
damage and possible physical mechanism. Prog Theor. Phys Suppl: 173; 283-3009.

Santini R, Santini P, Danze,J. M, Le Ruz P, Seigne M, (2002). Investigation on the health
of people living near mobile telephone relay stations: Incidence according to distance
and sex, Pathology Biology, 50(6), 369-73,

Simko M (2007). Cell type specific redox status is responsible for diverse electromagnetic
field effects. Current Medicinal Chemistry, 14, 1141-1152,

Sofowora, A (1984) Medicinal plants and Traditional medicine in Africa. John Wiley and
Sons Thomee, S. Eklof, M. Gustafsson, E. Nilsson, R and Hagberg, M. (2007).
Prevalence of Perceived stress, symptoms of depression and sleep disturbances in
relation to information and communication technology (ICT) use among young adults
- an explorative prospective study, Computers in Human Behavior, 23; 3,1300-1321.

Till, B. A., Weather, L. J., Alvarez, P. J., (1998). Supported autotrophic identification. Env.
Sci. Technol. 32, 654-659.

Vitic, J and Stevanovic, J (1993). Comparative studies of the serum lipoproteins and lipids
in some domestic, laboratory and wild animals. Comp. Brioche. Physiology. 106 (1),
223- 2609.

Volkow, N. D; Tomasi, D.; Wang, G.; Vaska, P.; Fowler, I. S.; Telang, F. Alexoff, D. Logan,
J. Wong, C. (2011). Effects of cell phone radiofrequency signal exposure on brain
glucose metabolism. JAMA 305(8) 808-813.

Vozarova B, Stefan N, Lindsay R. S, Saremi A, Pratley R. E, Bogardus, C. & Tataranni, P.
A (2002). High alanine aminotransferase is associated with decreased hepatic insulin
sensitivity and predicts the development of type 2 diabetes Diabetes; 51(6) 1889-95

Wilson, B.W., Wright, C. W., Morris, J. E., Buschbom, R. L., Brown, D. P. & Miller, D. L.,
Sommers-Flannigan, R. and Anderson, L. E., (1990). Evidence of an effect of ELF
electromagnetic fields on human pineal gland function, Journal of Pineal Research, 9,
259-269,

Wood, A.W., Armstrong, S. M., Sait, M. L., Devine, L. and Martin, M. J. (1998). Changes
in human plasma melatonin profiles in response to 50 Hz magnetic field exposure,
Journal of Pineal Research, 25, 116-127,

Zare, S., Alivandi, S. & Ebadi, A. G. (2007). Histological studies of the low frequency
electromagnetic fields effect on liver, testes and kidney in guinea pig. World Appli. Sci.
J. 2.,509-511.

Zhang, X. R., Kobayashi, H., Hayakawa, A. and Ishigaki, T. (1995) An evaluation of the
biological effects of three different modes of magnetic fields on cultured mammalian
cells. J. Med. Sci. 58, 157-164

This Article is Licensed under Creative Common Attribution-NonCommercial 4.0 International

(oo o]

80

https://creativecommons.org/licenses/by-nc/4.0



