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ABSTRACT

The effect of electromagnetic radiation at frequencies (50, 100,
200 & 250 Hz) and intensity of 2 mT on the mortality of Rattus
norvegicus norvegicus rat by oral administration of water exposed to
this radiation for four hours was investigated. Effect of the sublethal
frequency on the physicochemical parameters of water, count of
bacteria in water and liver tissues of the rat were also studied. After
one month of the experiment, the highest frequency 250 Hz recorded
80% mortality of rats. While, the lowest frequency 50 Hz not
exhibited any mortality till the end of experiment. This sublethal
frequency caused an increase in temperature, a decrease in total
dissolved solids and no change in pH value, salinity, chlorinity and
alkalinity of water. It showed also observed bactericidal effect
against the water bacteria. It is significantly reduced the number of
Escherichia coli and Serratia marcescens colonies and completely
prevent the growth of Klebsiella pneumoniae, Pseudomonas
fluorescens, Staphylococcus aureus and Staphylococcus epidermidis
bacteria in comparing to the unexposed water (control). Destroying
in the liver tissue cells was also recorded by this frequency.

INTRODUCTION

Wild rat, Rattus norvegicus is one of the most important pests in rodents. It
is the transmitter of a large number of infectious diseases to domestic animals
(Dedovic et al., 2012). The chain of toxicoinfection to farmer’s food infected by
rat urine and feces and also contaminated forage which poses a risk to animal
health (Daniels et al., 2003). Different methods were used for reducing economic
damage caused by this rodent species. Magnetic radiation is one of the most potent
methods for control rats (Pierre et al., 2007). The effects of electromagnetic
radiation in biology have been intensively studied on animals (Zwingelberg et al.,
1993). It is not shown any toxic effect against rats at low intensity (Boorman et al.,
1997). Acute effect on rats become apparent at the higher radiation strengths
(Houpt et al., 2003). Moreover, magnetism sciences have developed and become
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more complicated when its properties were found to have linkage with all fluid,
solid and gaseous matters in addition to living creatures. Electromagnetic radiation
is known to make the asymmetry of hydrated shells because of its impact on water
molecules arranged around the charged particles (colloid). Exposure to
electromagnetic radiation would lead to a higher electro-dynamic movement
among the colloid. This will build the probability of attracting particles to cloak
with one another (Fadil et al., 2001). In addition, magnetic radiation strongly
affected on the count of bacteria in water (Khazan and Nasser, 2010). The ability
of bacteria to grow and form colonies decreased with increasing the magnetic
radiation intensity (Ludek et al., 2002). On the other hand, any change in the
electrochemical microenvironment of the cell can cause modifications in the
structure of its electrically polarized membrane by changing the concentration of a
specifically bound ion or dipole that may be accompanied by alterations in the
conformation of lipids, proteins and enzymes (Brighton, 1991). It was shown that
the exposure to the electromagnetic radiation slows down the erythrocyte
sedimentation rate, changes the number of leukocytes and phagocytic activity of
leukocytes(PhAL) and their luminescence, Orientation of sickle-shaped
erythrocytes of human blood across magnetic lines of force was discovered. It was
shown that electromagnetic radiation change osmotic processes in muscles, affect
the permeability of the cellular membrane, and disturb the hydration ability of
tissues in animals (Kholodov, 1974).

This research was performed to study the effect of different magnetic
radiation frequencies on the mortality of Rattus norvegicus rat by oral
administration of water exposed to these frequencies. The effect of sublethal
frequency on physiochemical parameters of water, count of water bacteria and
liver tissue of rat were also investigated.

MATERIALS AND METHODS

Rats:

Adult males of the wild rat, Rattus norvegicus were trapped and collected from
plantation area at Zagazig district, Sharkia Governorate, Egypt. The rats were
transported to the laboratory and maintained in metallic cages. Then there were
supplied with enough food (crush maize) and water for acclimatization. All rats were
observed daily for two weeks before any experiments (Abdel-Azeem, 2013).

Toxic Effect of Magnetic Radiation on Rats:

Healthy animals were divided into two groups. The 1% group was served as a
control consists of three replicates; each one contains 10 rats received normal distilled
water. The 2" group received the treated water with an electromagnetic radiation by
drinking in four frequencies (50, 100, 200& 250 Hz). Three replicates were used for
each frequency; each comprising of 10 rats. Before any treatment, animals fasted for 6
hrs. The rats were treated again with magnetized water another one time after two
weeks of the experiment. Mortality percents of animals were recorded daily for one
month (Kumar et al., 2017). At the end of the experiment, animals which
administered with water treated with the sublethal frequency were anaesthetized and
sacrificed by decapitation to remove their liver for the histological studies.
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Sampling Site and Analytical Methods:

Water samples were taken from a tape water of Faculty of Science, Zagazig
University. Water samples were subjected to the electromagnetic radiation at the
sublethal frequency (Fig. 1). The water samples (control and treated) were analyzed
for water quality (chemical and physical characteristics of water).

-

Fig. (1): The electromagnetic radiation exposure system was manufactured
locally, in the Faculty of Science Cairo University.

Physico-chemical Analysis of Water:
*Temperature:

The temperature was measured at the sampling site, using a mercury
thermometer of 0 to a 50°C range.
*pH:

pH has been measured by using a glass electrode pH-meter (Digital Mini-pH-
Meter model 55).
*Total dissolved solids:

Total dissolved solids have been measured according to Ibraheim and Khater
(2013).
*Chlorinity:

Chlorinity was measured by a digital chlorimeter (model HI 93711).
*Salinity:

Salinity was measured by a digital salinometer (model Atago Hand
Refractometer).

*Alkalinity:
Alkalinity has been determined according to Gupta (2000).

Bacteriological Studies:

Effect of magnetic radiation at the sublethal frequency on the bacterial counts
of water was investigated. Each of the exposed water to this frequency and other
unexposed tap water (control) was serially diluted from 10 to 1 as described by
Collins and Lyne (1985). One ml was taken from each dilution and spread on to the
nutrient agar plates. The plates were incubated at 37°C for 24 h. Bacterial colonies
were enumerated, characterized and recorded. The number of colonies was expressed
as colony forming units (CFU/ml). The colonies were purified on sterilized nutrient
agar by using the streaking plate method. Then the all isolates were Gram stained and
subjected to the biochemical identification tests (Taiwo et al., 2002).
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Electron Microscopic Studies on the Liver of the Studied Rats:

Specimens of the liver were taken from the control and treated rats with sublethal
frequency for one month and prepared for electron microscopic studies (at central
laboratory of Faculty of Agriculture, Mansoura University) according to Ali (2013).

Statistical Analysis:

Results are statistically analyzed and the difference between means was tested by
using the analysis of one way ANOVA (Costat, 2005) statically program analysis,
computer program software. The least significant differences (L.S.D.) were also
calculated. Tables and graphics were done using Microsoft Word (2007) and Origin 8.
The methods used for analysis of the results were done according to Bishop (1980)
and McCreadie et al. (2006).

RESULTS AND DISCUSSION

Toxic Effect of Magnetic Radiation on the Wild Rat:

As shown in Table (1) mortality of Rattus norvegicus rats increased with
increasing the frequencies of magnetic radiation. The frequencies 100 and 200 Hz
recorded their first effect against rats after three days of administration with mortality
23.33 and 46.66%, respectively. While, the highest frequency 250 Hz showed 70%
mortality after only one day of administration. After 30 days of administration; 100,
200 and 250 Hz frequencies recorded 36.66, 60 and 80% mortality, respectively. The
lowest frequency 50 Hz not recorded any mortality till the end of the experiment.
There is a high significant difference in the effect of magnetic radiation frequencies
against rats compared to the untreated individuals.

Table (1): Effect of magnetic radiation at different frequencies on the wild rat .

Frequencies Mortality percent at days
(Hz) 1 3 7 14 21 30
50 0.00 0.00 0.00 0.00 0.00 0.00
100 0.00 23.33 30.00 30.00 36.66 36.66
200 0.00 46.66 46.66 60.00 60.00 60.00
250 70.00 70.00 73.33 73.33 80.00 80.00
Control 0.00¢ 0.00°¢ 0.00¢ 0.00¢ 0.00¢ 0.00¢
P .0000™" .0000™" | .0000™" | .0000™" | .0000°" | .0000"""
L.S.D. 005 0.94 1.21 0.76 0.54 1.08 1.08

These results were strongly agreed with Trezeciak et al. (1993) revealed that

the low magnetic radiation frequency 50 Hz was not showed any significant or
observed effects on the male and female rats. However, it is possible that exposure to
60 Hz magnetic radiation cause cancer to rats which may be lead to a future death
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(Boorman et al., 1997). Moreover, this low intensity of magnetic radiation has an
inhibitory effect on the lethality and seizures in rats (Klaus and Donald, 1991). On the
other hand, Pierre et al. (2007) indicated that is unexpected increase in mortality
(76%) was observed for young rats that had been exposed to 7 Hz magnetic radiation
with maximum intensities around 5 nT. Other report cited by Jelenkovic et al. (2006)
showed that exposure of rats to the low-frequency magnetic radiation does not lead to
rapid death but having a harmful and dangerous effect on the brain which adversely
affects the movement and all vital functions of rats.

Physico-chemical Parameters of Water:

Comparing the average means of the same physico-chemical parameters of
water samples in the pre and post- exposure to sublethal frequency (50 Hz) of
magnetic radiation, the data recorded in the Table (2) determined significant
differences in temperature and total dissolved solids. It is thought that the
modifications to the properties of solutions through the electromagnetic radiation
changes the molecular structure of liquids, polarization, resulted from the arrangement
of particles and finally from changes of the electric potential (Lebkowska, 1991;
Szczypiorkowski and Nowak (1995) and Krzemieniewski et al., 2004).

Table (2): The physico-chemical parameters (mean + SD) of water samples
before and after exposure to magnetic radiation frequency (50 Hz).

Electromagnetic Pre-exposure post-exposure
Parameters

Temperature (C) 17+0.352 23+0.352
pH 7.150+0 7.150+0
Chlorinity (%) 0.177+0 0.177+0
Salinity (%) 032+0 0.32+0
Total dissolved solids (ppt) 0.4 £0.0072 0.300 + 0.0072
Akalinity (ppm) 124+ 0 124+ 0

- Data are represented as mean + SD, (n = 12).
- Means with the same letters in the same row are significantly different (p <
0.05), using Independent t-test.

Temperature:

In this study, the fluctuation in water temperature caused by exposure to the
electromagnetic radiation leading to an increase in it (Shatalov, 2009, and Ibraheim
and Khater, 2013).

pH- value:

In the present study, the pH values at exposure to electromagnetic radiation
were always on the neutral side and there was no effect of the electromagnetic
radiation on it. It disagrees with that of Alkhazan and Sadddiq (2010) who stated
that electromagnetic radiation caused increasing of the pH- value and Shatalov
(2009) who observed a decrease in the pH value with the electromagnetic
exposure. It may be attributed to the short period (4 hours) of the exposure in this
study.
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Salinity& Alkalinity:

From the present data, it is clear that the salinity and alkalinity contents were
not changed in the exposure to electromagnetic radiation. These findings disagreed
with Ni” am et al. (2006) and Alkhazan and Sadddiq (2010), and may be related to
the short period of the electromagnetic exposure and weak intensity of the
electromagnetic radiation.

Total Dissolved Solids (TDS):

From the data reported in this study, it is clear that the values of TDS were
changed after the exposure to the electromagnetic radiation and this disagreed with
Ni“am et al. (2006) and Ibraheim and Khater (2013), and may be related to the short
period of the electromagnetic exposure.

Effect of Magnetic Radiation on the Count of Water Bacteria:

Effect of magnetic radiation at the sublethal frequency 50 Hz on the bacterial
count of water was studied. As illustrated in Table (3) Escherichia coli was the most
proliferate isolate in the unexposed water to magnetic radiation (control) recorded 18
colonies (58.06%); Serratia marcescens, 5 colonies (16.13%); Klebsiella pneumoniae,
3 colonies (9.68%); Pseudomonas fluorescens, 2 colonies (6.45%); Staphylococcus
aureus, 2 colonies (6.45%) and Staphylococcus epidermidis, 1 colony (3.23%). But, in
the water which exposed to magnetic radiation; E. coli and S. marcescens number was
significantly decreased to 3 and 2 colonies in comparison to 18 and 5 colonies in the
(control) water, respectively. Magnetic radiation also completely prevent the growth
of the other bacterial isolates; K. pneumoniae, P. fluorescens, S. aureus and S.
epidermidis in water.

Table (3): Effect of the sublethal magnetic radiation frequency 50 Hz on the
bacterial number (CFU / ml) of water

Unexposed water to magnetic | Water exposed to magnetic
field (control) field
Bacterial species
Total number % of Total number % of
of strains identification of strains identification
Escherichia coli 18 58.06 03 60
Klebsiella pneumoniae 03 9.68 0 0
Pseudomonas fluorescens 02 6.45 0 0
Serratia marcescens 05 16.13 02 40
Staphylococcus aureus 02 6.45 0 0
Staphylococcus epidermidis 01 3.23 0 0
Enumeration 31 100 5 100

These results were perfectly concurred with Ludek et al. (2002) revealed that

growth of E. coli bacteria was negatively affected by magnetic radiation at the low
frequency of 50 Hz. The ability of this bacteria to form colonies decreased with
increasing intensity of magnetic radiation and the time of exposure. This cleared that
effect of magnetic radiation is probably bactericidal. Additionally, El-Sayed et al.
(2006) confirmed that when this bacteria subjected to this frequency and
electromagnetic waves (2uT) for 6 h., its growth greatly inhibited and also the length
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of bacterial cell significantly decreased. In the same direction, Pengfei et al. (2007)
stated that growth and concentration of Pseudomonas aeruginosa bacteria were
inhibited by using a wireless magneto elastic. Moreover, magnetic radiation was
significantly reduced the number of S. epidermidis, Streptococcus parasanguinis and
Rhodococcus equi bacteria (Brkovic et al., 2015) and caused inhibition of S.
marcescens at 80 £ 20 gausses (Piatti et al., 2002). The numbers of heterotrophic
bacteria were decreased by the increase of magnetic radiation intensity. It was
recorded 240 x 10 and 133 x 10 CFU / ml for both static and shaking cases of
magnetic intensity (130 uT). This is due to the effect of the magnet on the metals,
organic substances, nitrogen and phosphorus which are essential in the bacterial
metabolism reactions. In addition, water form 80% of bacterial cells, so when its
chemical and physical properties changed by the magnetic force, the growth of
bacterial cells inhibited as their composition changed (Molouk and Amna, 2010).

Electron Microscopic Studies on the Liver of Studied Rats:

The electron microscopic studies indicated the dangerous effects of water exposed
to the electromagnetic radiation at sublethal frequency (50 Hz) on the liver of the wild
rats, as shown in Figs. (2-7). The frequency and severity of histological alterations in
the liver were increased in treated rats compared to the control.

The present results indicate the very dangerous effect of magnetized water on
the experimental animals as it damaged the liver tissue cells of the experimental rats
(Fig. 2 - 7). The magnetized water causes risk impacts on the examined rat’s liver as
it harms the tissues prompting putrefaction and liver disappointment. This may be
attributed to the role of electromagnetic radiation on the hydration of ions of the
exposed water which affect on molecules arrangement around charged ions in the
experimental animal cells causing disruption and deformation of animal tissue cells.
This concurred with Kholodov (1974), Mc Dwell (1974), Ali (2013), Turker and Yel
(2014) and Khater and Ibraheim (2016).

CONCLUSION

The results of this study concluded that magnetic radiation at the frequencies
of 50, 100, 200 and 250 Hz and intensity of 2 mT can be used as the successful
method for control the wild rats. In addition, the magnetized water by the lowest
frequency (50 Hz) has observed the harmful effects on the liver of treated rats.
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Fig. 2: TEM photomicrograph of the liver from a normal wild rat showing the general morphology of
hepatocytes (H). The liver cell has a round nucleus (N) with nucleolus (Ne), centrally placed in the cytoplasm
packed with various organelles and inclusions. These organelles comprise lipids (L), mitochondria (M) which
are numerous exhibiting round or elongated shapes and Lysosomes (Ly) which appear as rounded vesicles
bounded by a single membrane. Abundant glycogen particles (GI) are scattered in the ground

cytoplasm in the form of rosette-shaped particles. (X 10132).

Fig. 3: TEM photomicrograph of the liver cells of a normal wild rat showing the general morphology of
hepatocytes (H) and hepatic blood sinusoid (HBS) containing RBCs (RBC). The liver cell has a round nucleus
(N) with peripherally located nucleolus (Ne) and homogenously distributed chromatin (Ch), centrally placed
in a cytoplasm packed with various organelles and inclusions. These organelles comprise the rough
endoplasmic reticulum (RER), mitochondria (M) are numerous exhibiting round or elongated shapes,
Lysosomes (Ly) appear as small rounded vesicles bounded by a single membrane, lipids (L) and abundant
glycogen particles (Gl) in the form of rosette-shaped particles (X 10138).
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Fig. 4: TEM photomicrograph of a liver cell from a wild rat treated with magnetized water for a month (30
days) showing necrotic nuclei (NN) with condensed chromatin (CC), degenerated mitochondria, great number
of lysosomes (ly), inflammatory cell (IC) and autophagic vacuole (AV) (X 10143).

Fig. 5: TEM photomicrograph of a liver cell from a wild rat treated with magnetized water for a month (30
days) showing necrotic nuclei (NN) with segregated nucleolus (SNe) and condensed chromatin (CC), dilated
hepatic blood sinusoid (DHBS), great number of lysosomes (Ly), degenerated mitochondria (DM), vacuolation
of the cytoplasm (V) and dark granules (DG) (X 10141).
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Fig. 6: TEM photomicrograph of a liver cell of a treated wild rat with magnetized water for a month (30 days)
showing necrotic elongated nuclei (NN) with condensed chromatin (CC) and large nucleoli (Ne), degeneration of
the cytoplasmic organelles (DO), dilated inflammatory cell (IC) and vacuolation of the cytoplasm (V), dark
granules (DG) and marked deposition of collagen fibres (CF) in portal area (X10142).

Fig. 7: TEM photomicrograph of a liver cell of a treated wild rat with magnetized water for a month (30 days)
showing necrotic nuclei (NN) with condensed chromatin (CC) and large nucleoli (Ne), degeneration of the
cytoplasmic organelles (DO), dilated inflammatory cell (IC), dilated blood sinusoid (DBS) with phagocytic
kupffer cells (KC) and dark granules (DG) (X10139).



Ecotoxicological Effects of Electromagnetic Radiation on the Wild Rat, Rattus norvegicus 11

REFERENCES

Abdel-Azeem, M. I. (2013). Behavioral and toxicological studies to overcome on
some rodenticides problems. Ph. D. Thesis, Fac. Agric., Benha Univ., 175 pp.

Ali, M. H. E. (2013). Histopathological and histochemical studies on the effect of
curcumin on the liver of rats. M.Sc. Thesis. Faculty of Science. Zagazig
University. Egypt.

Alkhazan, M., M., K. and Sadddig, A., A., N. (2010). The effect of magnetic field on
the physical, chemical and microbiological properties of the lake water in Saudi
Arabia. Journal of Evolutionary Biology Research, 2 (1): 7-14.

Bishop, O. V. (1980). A practical guide for the experimental biologist. In ‘Statistics

for Biology’’, Bishop, O. V. (ed.), 3" edition, Longman group limited. P., 28.

Boorman, G. A.; Gauger, J. R.; Johnson, T. R.; Tomlinson, M. J.; Findlay, J. C.;
Travlos; G. S. and McCormick, D. L. (1997). Eight —week toxicity study of 60
Hz magnetic fields in F344 rats and B6C3F1 mice. Fundam. Appl. Toxicol., 35
(1): 55-63.

Brighton, C.T. (1991). Electromagnetics in medicine and biology. San Francisco
Press, INC. SanFrancisco, 1991.

Brkovic, S.; Srdjan, P. and Dragan, I. (2015). Influence of the magnetic field on
microorganisms in the oral cavity. J. Appl. Oral Sci., 23 (2): 179-186.

Collins, C. H. and Lyne, P. M. (1985). Microbiological methods, 5" ed., pp. 253-371.

CoStat (2005). Version 6.311, Copyright ©, CoHort Softwar, 798 Lighthouse Ave.
PMB 320, Monterey, CA, 93940, USA.

Daniels, M. J.; Hutschings, M. R. and Greig, A. (2003). The risk of disease to
livestock posed by contamination of farm stored feed by wildlife excreta.
Michigan Bovine Tubercul. Bibliog. and Datubase, Paper 14.

Dedovic, S. M.; Vuksa, M.; Petrovic, M. M.; Bojkovski, J.; Pavlovic, I.; Jokic, G. and
Stojnic, B. (2012). Control of brown rat (Rattus norvegicus) on a dairy farm in
Serbia. Biotechnol. in Animal Husban., 28 (3): 623-633.

El-Sayed, A. G.; Magda, S. H.; Eman, Y. T. and Mona, H. I. (2006). Stimulation and
control of E. coli by using an extremely low frequency magnetic field.
Romanian J. Biophys., 16 (4): 283-296.

Fadil, O.; Johan, S. and Zularisham, M. (2001). Application of magnetic field to

enhance wastewater treatment process. The gth Joint MMM- Intermag.
Conference. January 7-11. San Antonio, Texas: IEEE.

Gupta, P. K. (2000). Methods in environmental analysis water, soil and air. Agrobios,
5: 1- 400.

Houpt, T. A.; Pittman, D. W.; Barranco, J. M.; Brooks, E. H. and Smith, J. C. (2003).
Behavioral effects of high-strength static magnetic fields on rats. J. neurosci., 23
(4): 1498-1505.

Ibraheim, M.H. and Khater, Z. Z. K. (2013). The Effect of electromagnetic field on
water and fish Clarias garpienus, Zagazig, Egypt. Life Science Journal, 10(4):
3310- 3324.

Jelenkovic, B.; Janac, V.; Pesic, D. M.; Jovanovic, I.; Vasiljevic, Z. and Prolic, A.
(2006). Effects of extremely low-frequency magnetic field in the brain of rats.
Brain Res. Bull., 68 (5): 355-360.

Khater, Z. Z. K. and Ibraheim, M. H. (2016). Histopathological Studies on the Effect
of the Magnetized Water on the Kidney of albino Rat. The J. of Appl. Sci. Res.,
3(1): 1-6.



12 Zeinab Z. K. Khater et al.

Khazan, M. M. and Nasser, A. A. S. (2010). The effect of magnetic field on the
physical, chemical and microbiological properties of the lake water in Saudi
Arabia. J. of Evolut. Biol. Res., 2 (1): 7-14.

Kholodov, Yu. A. (1974). Influence of magnetic fields on biological objects.
American revolution bicentennial, 1-228.

Klaus, P. O. and Donald, P. C. (1991). Inhibitory effects powerline-frequency (60-Hz)
magnetic fields on pentylenetetrazol-induced seizures and mortality in rats.
Behavio. Brain Res., 44 (2): 211-216.

Krzemieniewski M, D.; bowski M.; Janczukowicz, W. and Pesta, J. (2004). Effect of
the Constant Magnetic Field on the Composition of Dairy Wastewater and
Domestic Sewage. Polish J. Environ. Stud., 13: 45-53.

Kumar, S., T.; Shobha, R. A.; Sujatha, K.; Purushotham, B. and Neeraja, P. (2017).
Toxicity evaluation of ammonium sulfate to albino rat. Asian J. of Pharmac. and
Clinic. Reas., 10 (1): 313-316.

Lebkowska, M. (1991). Effect of constant magnetic field on the biodegradability of
organic compounds. University of Technology Publishing House. Warsaw.
Effect of a Constant Magnetic Field, p. 53.

Ludek, S.; Vladimir, V. and Jan, S. (2002). Effects of low frequency magnetic fields
on bacteria Escherichia coli. Bioelectrochem., 55 (2002): 161-164.

McCreadie, J. W.; Alder, P. H.; Grillet, M. E. and Hamada, N. (2006). Sampling and
statistics in understanding distributions of black fly larvae (Diptera: Simuliidae).
Acta Entomological Serbica, 11: 89-96.

Mc Dwell, E.M. (1974). Light and electron microscopic studies of rat kidney after
administration of an inhibitor of the citric acid cycle in vivo. Virchows Arch.
Abt. B Zellpath, 15: 187-208.

Molouk, M. K. A. and Amna, A. N. S. (2010). The effect of magnetic

field on the physical, chemical and microbiological properties of the lake water in
Saudi Arabia. J. of Evol. Boil. Res., 2 (1): 7-14.

Ni~ am, M. F.; Othman, F.; Sohaili, J. and Fauzia, Z. (2006). Combined Magnetic

Field and Electrocoagulation Process for Suspended Solid Removal from

Wastewater. Proceedings of the 1St International Conference on Natural
Resources Engineering & Technology, 384-393.

Pengfei, P.; Sijing, H.; Qingyun, C.; Shouzhuo, Y.; Kefeng, Z.; Craig, A. G. (2007).
Detection of Pseudomonas aeruginosa using a wireless magneto elastic sensing
device. Biosens. Bioelectron., 23: 295-299.

Piatti, E.; Albertini, M. C.; Baffone, W.; Fraternale, D.; Citterio, B.;

Piacentini, M. P.; Dacha, M.; Vetrano, F. and Accorsi, A. (2002). Antibacterial
effect of magnetic field on Serratia marcescens and related virulence to
Hordeum vulgure and Rubs frulicosus callus cell. Comp. Biochem. Physiol.
Biochem. Mol. Boil., 132 (2): 359-365.

Pierre, L. S.; Parker, G. H.; Bubenik, G. A. and Persinger, M. A. (2007). Enhanced
mortality of rat pups following inductions of epileptic seizures after perinatal
exposures to 5 nT, 7 Hz magnetic fields. Life Sci., 81 (21-22): 1496-500.

Shatalov, V. (2009). Degassing as the mechanism of thermal electromagnetic fields
effect on water and bio liquids. Donetsk, 1-18.

Szczypiorkowski, A. and Nowak, W. (1995). Studies on application of a magnetic
field to the intensification of wastewater treatment processes. G.E.T.S., 2: 31.

Taiwo, S. S.; Okesina, A. B. and Onile, B. A. (2002). In vitro antimicrobial
susceptibility pattern of bacterial isolates from wound infections in University of
Ilorin teaching hospital. African J. of Clin. and Exper. Microbiol., 3 (1): 6-10.



Ecotoxicological Effects of Electromagnetic Radiation on the Wild Rat, Rattus norvegicus 13

Trezeciak, H. I.; Grzesik, J.; Bortel, M.; Kuska, R.; Michnik, J. and Malecki, A.
(1993). Behavioral effects of long-term exposure to magnetic fields in rats.
Bioelectromag., 14 (4): 287-297.

Tirker, H. and Yel, M. (2014). Effects of ultraviolet radiation on mole rats kidney: A
histopathologic and ultrastructural study. J. of Rad. Res. and Appl. Sci., 182 -
187.

ARABIC SUMMERY

ol 3l o aling g ¢Sl pladdl dpacd) Al ) il
Rattus norvegicus norvegicus

3 el ) Gpens e — 2 cu (g S i - 1kl JalS (5 8 ) iy
e - GO Aaals - alall LS Gl gaall e aud -]
s — B — (Al - Ao 50 Gl 5S e — lilal) A8 5 &gy gxae -2
a5 )83 Anals - aslall BIS - ol hudll sl -3

550 @yl die  laline 5 Sl g leniD Cagaall 5Ll LAY Cangs 4l Hall 028 ¢ ) a3

slaall 4 4l53 LA (4w Rattus norvegicus norvegicus - 3all v 558 250 5200 5100
Crvaall caad aa il S L) Loadd 4 jall el b5 il bu dn i (22 ja3 5 ial clan 51l s3] Cua jas )
b 4 O paxidl) e e Lo 5 13 sl Ll s il olsall 4iLial 5 4l 3l ailiadll e
335 03l 3 o bl canm gf 13yl 3 U At e oyl 1l ) Lial 25 LS olaall o3
ol e gl aay 358 250 25 e aie 780 () dasl s pall 4 sl ) aslalina 5 Sl g LSy
£ LD Copaal) cum oo 3l i o5l 228 JIA ()13 jall i ge g1 33558 50 2350 S8 3Eay ol Lai
ad b o gl a5 olaally Al 4l o) gl ialiddl 53 jall da )2 B3l ) (b (oadalina 5 eS
LS5 Ol periase 22e 3380 8 Liagl oo ) 13 ot A6l 5 ) o IS0 g slall g i g pgdl 8500
Klebsiella s Lalai aia 4sl LaS 08 JS ¢l 8 marcescens Serratia s Escherichia coli
L 5 Staphylococcus aureus s Pseudomonas fluorescens s pneumoniae
ia (ol LaS 23 55 (Y dca paall e 4alall slaall 8 Lasaes 45 i Staphylococcus epidermidis

Alabeal) ) sl Al Aad LA jand ) aa il




	402ecc6ca48e22e739a0746d8c8ccd9967d71bf663387793517c54f99c5c7f6a.pdf
	402ecc6ca48e22e739a0746d8c8ccd9967d71bf663387793517c54f99c5c7f6a.pdf

