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Abstract The effect of a 50 Hz magnetic field of strengttmZ on each of the growth
characteristics, the antibiotic sensitivity and thiga structure oE. coli bacteria cells have been
studied. Equal volumes &:. coli cells were exposed to the magnetic field for déffe periods, the
two most effective periods, namely, 6 h and 16 hevehosen for all our experimental studies. The
results indicated that exposure of the microorgasito the demonstrated magnetic field caused
pronounced changes in the growth characteristicesymwhere a suppressive effect was observed on
the cell growth and the number of cells at statipmhase markedly decreased after exposure period
of 6 h but there was a slight increase in the gnaate after exposure period of 16 h with increase
the number of cells. Further, changes in the @tlibsensitivity was observed after exposure pkrio
of 6 h sinceE. coli cells became more sensitive to certain antibiogiesh as amoxicillin, nalidixic
acid and erythromycin as revealed in the increadksir zone diameters while, after a 16 h exposure
period, it became more resistant to the same atitibi Furthermore, the results of the ultra stiect
showed that while exposure period 6 h decreaseddhéength, the exposure period 16 h elongated
the cell length with decreasing the thickness efdall wall beside the disappearance of the mgjorit
of cytoplasmic components.

Keywordselectromagnetic fieldi:. coli, growth rate, antibiotic sensitivity, ultra struau

INTRODUCTION

During the past few decades, due to the increasamgumption of electric
energy in industry, medicine, research, commuminagystems and household
electric appliances, the level of exposure of maal systems to electromagnetic
fields has grown by orders of magnitude over a wigguency range extending
from 0 to 100 GHz. For example, hair dryers, electhavers and electric hand
tools may expose the user to magnetic fields ofeidvtimes above the
background.
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The extremely low-frequency (ELF) electromagneatidf (EMF) exists in all
occupational and residential environments. Somenssts allege that exposure to
magnetic fields generated by power delivery systésneesponsible for certain
diseases; therefore, it is both appropriate ancbitapt to evaluate the possible
effects of man-made electromagnetic field on livimganisms. Fadett al. [7]
reported that the main damaging role of the 50 ldgmetic fields might be on the
cellular membrane that strongly affects, not onhe tcellular physiological
functions, but also the cell-to-cell communications

Ma Haile et al. [15] studied the effect of pulsed magnetic figitensity and
pulse number (PMF) on bactericidal property of PMFsterilization of fresh
watermelon juice. Their results showed that theral/dactericidal effect was
strengthened as the magnetic field intensity andepnumber increased with the
best effect observed when the magnetic field intgngas 2.53 T and pulse
number was 20.

Piatti et al. [23] found that the exposure Bkerratia marcescen® a static
magnetic field of 80 + 20 Gauss resulted in thehitlon of S. marcescengrowth.
Dacosta [5] and Barnickel [3] used new non-desivraalecontamination technique
to reduce the bacteria in milk, orange juice ast & cheese. Pulsed electric field,
pulsed magnetic field and pulsed light were used.

Fojt et al. [8] found thatE. coli, Leclercia adecarboxylatandStaphyloccus
aureusviability was affected with the magnetic field (&0r, f = 50 Hz) they also
found that the decrease of the colony forming uf@BU) starts immediately after
the magnetic field was switched on. Mgt al. [16] studied the inactivation of
microorganisms by a pulsed magnetic field. It wgsorted that the application of
electromagnetic pulses evidently causes a letfiedtednE. colicells suspended in
buffer solution.

Shengyinget al. [31] studied the non-thermal sterilization byngsthe self-
designed generator of magnetic field. The resuitsaed that the magnetic flux
density, which had the greatest effectioncoli, was 1 T. The greatest destruction
rate ofE. coliwas 78% under 8 hours of magnetic field (1 T)ttresnt.

Also, Mohamedet al [18] reported that exposure of the microorganism
S. typhito the magnetic field (10, 20 G for a period dfdurs) caused pronounced
changes in the growth characteristics and the nurobeells at the stationary
phase increased.

Electromagnetic fields are also used in therapgribance the transdermal
drug delivery [21]; in certain dairy industry to mpulate growth characteristics of
yogurt culture, where the change in culture meiabolather than an elevation in
the overall bacterial population, was induced B0aHz, 4.3 G EMF [17]; in soll
studies and inactivation of indicator bacteria aftle slurry by exposure of 400 —
700 g for 60 seconds to magnetic field (380 V, 58 HHLO]; in some food
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preservation to control certain pathogenic bacteuieh asSalmonellaand E. coli
contaminated meat samples [4]; in agriculture tgorome soil fertility by
increasing the nodulation process by exposure @odRium sp. to a low strength
(5x10° T) EMF before inoculation to mycorrhizal chick-pezedlings [2].

Finally, EMF has been used either to inhibit ostimulate the growth rate of
microorganisms under appropriate conditions [10].

This work is concerned with the study of the biatag effect of magnetic
fields, as a component of the non-ionizing radrioon a unicellular system.
Pathogenic microorganisms, especidigcherichia coli,are chosen to be our
experimental model for many reasons; it is widaktributed in the environment
such as soil, water and ak. coli is a member of the normal intestinal flora of
humans. It causes several diseases such as utiaetrynfection, wound infection,
traveller's diarrhea. It reaches blood stream au$e&s sepsis and meningitis [25].
E. coli are rapidly growing, Gram-negative, rod-shapedlscaheasuring
approximately 0.52 um length [20].

In the light of the pathogenic effects of thesetbiga, we aim, here, to study
the effect of different exposure periods to a 2GGHz magnetic field on the cell
activity with the aim to control the activity thrgh the exposure period. Moreover,
we intend to take two exposure periods for invesig the effect of such a
magnetic field on the growth rate, the antibiogasitivity and the ultrastructure of
the exposed cells.

MATERIAL AND METHOD

BACTERIAL STRAIN

Escherichia coliIATCC # 25992 was cultivated over night on Nutrient broth
at 37 °C; each ml of bacterial suspension contair8ed10° CFU/m.

SURVIVAL CURVE

To study the bacterial growth, a standard surveuaVe was plotted between
the absorbance of volume A (unexposed cells) an®@@nd the concentration of
cells (number of cells / mL). For cell counting thlate count technique was used
[28]. Appropriate dilutions of the bacterial celisere used to inoculate nutrient
agar plates. Inoculated plates then incubated &C3%or 24 h by counting the
number of colonies developed after incubation andtiptying it with the dilution
factor the number of cells in the initial populatis determined.

MAGNETIC FIELD EXPOSURE FACILITY

Bacteria volumes were exposed to a homogeneouseat@adield generated
by a solenoid consisting of 320 turns from eleattycinsulated 2 mm copper wire
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wound in a homogeneous way around a copper cyliddermm thick, 40 cm
diameter and 25 cm length. The cylinder wall washea to eliminate the electric
field components effects. The magnetic field getoeravas temperature controlled
during the exposure period by using a water pumpslasvn in Fig 1. The
temperature during the exposure period was 37 & {libes of the exposed
bacteria were put in the middle of the coil by gsBupports inside it to get a
homogeneous and higher magnetic fields strength.éefds of coil are connected
to variac fed from the mains (220 V, 50 Hz). Theldistrength was 20 G and
adjusted by changing the voltage through the coil.
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Fig. 1. Magnetic field exposure facility.

GROWTH CHARACTERISTICS

Ten volumes from the strain were incubated for 18nd then exposed to
different exposure periods. The first volume wasaesed for two hours; the second
volume was exposed for four hours; the third volumas exposed for six hours
and so on until 20 h. For each exposure volumeetivas a corresponding control
volume. Through measuring the absorbance of evelyme, the two volumes
exposed to the two periods, 6 h and 16 h, wereesh@is additional investigations
concerning the growth rate, the antibiotic senigjtimnd the ultra structure of the
cells due to their high effects.



287 Stimulation and control d&. coli by magnetic field

Four volumes were used in this study: A, B, C, &dVolume A is the
control of volume B exposed to 6 h magnetic fieldjume C is the control of
volume D exposed to a 16 h magnetic field.

GROWTH RATE

The growth rates of all volumes (A, B, C and D) sveletermined through
measuring the absorbance of the viable cells 2ftér 6 until 24 h. The absorbance
of the volumes was measured and then plotted asmaidn of time. Spectronic
20+ Series Spectrophotometer (USA) was used fsipiimipose.

ANTIBIOTIC SUSCEPTIBILITY TESTIN VITRO

The isolatecE. colicells were tested for theim vitro susceptibility to various
antibiotics such as erythromycin 1@, chloramphenicol 3fig, cefodoxil 30ug,
nalidixic acid 30ug, garamycin 1Qug, and amoxicillin 25ug by disk diffusion test
according to Bakeet al. [1].

The antibiotics used in this study were chosenetavith different modes of
action. The diameters of the inhibition or stimiolatzone of the volumes A, B, C,
and D were measured after 24 h from the exposueeps.

ULTRA STRUCTURE OF BACTERIA CELLS

Volumes A, B, C and D were prepared for the tragsion electron
microscope by the method recommended by Philipg tfP2efine the changes in
the morphological structure &. coli cells.

RESULTS AND DISCUSSION

The results obtained in this work concern the imduchanges in the
structure and the characteristic behavioiEofcoli resulting from the exposure to
the demonstrated magnetic field. These results neagf a great importance for
evaluating the benefits as well as the hazardeetkposure to the low frequency
low-level magnetic field.

Also the importance of this work lays in the fattat E. coli as a
microorganism is a unit cell behaving as a comméte biological system.

SURVIVAL CURVE

Fig. 2 shows the variation of the number of micgamisms in CFU/ml as a
function of the sample absorbance measured at®0d he results show the linear
dependence of the absorbance on the number of engameisms in CFU/ml. By
using this relation we can calculate the numbehefmicroorganisms/mQ) from
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the measured value of its absorbam®e The relation can easily express the linear

dependence:
C=97x10°A (1)
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Fig. 2. Survival curve between log number of baateells/ml and the absorbance at 600 nm.

GROWTH CHARACTERISTICS CURVE

Fig. 3 shows the change in the absorbance of lc$tmrain as a function of
the time of exposure to the magnetic field.

It is clear from this figure that the exposure pés 2, 4, 6, 8, 10 and 12 hrs
decreased the absorbance and, in accordance witttiag (1), indicate a decrease
in the cells number and consequently an inhibitase for the bacteria. However,
at the exposure periods of 14, 16, 18 and 20 linttreased absorbance relative to
their control indicates an increase in the cellsmbar and a stimulation case. These
results are in a good agreement with Mohareedl. [18] where the number of
cells of S. typhimicroorganism exposed to 20 G magnetic fields Zohours
increased relative to those unexposed.

Also, Jaffe [10] reported that the electromagnéetd was used either to
inhibit or to stimulate the growth of the microongmm under appropriate conditions.
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For this reason we used the exposure period of (olume B) as an
inhibition case where the number of cells wabarl became I1@ells/ml also the
exposure period of 16 hours (volume D) as stimutattase where the number of
cells was 3.510° and became 3&0 cells/ml. Moreover, we intend to take the
two exposure periods for investigating the effédhe magnetic field (20 G, 50 Hz)
on the growth rate, the antibiotic sensitivity dine ultrastructure of the exposed cells.
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Fig. 3. Absorbance at 600 nmBf colicells at a different exposure periods.

EFFECT OF MAGNETIC FIELD ON BACTERIAL GROWTH RATE

Fig. 4 shows the growth rate of volumes A and Bs ktlear from the figure
that there is a decrease in the growth rate oEthmlicells exposed to 6 h relative
to its unexposed ones.

Fig. 5 explains the growth rate of volumes C anditx clear from the figure
that there was a slight increase in the growth cdit¢he exposede. coli cells
relative to its unexposed.

The results in Figs. 4-5 and the calculated data fihese curves in Table 1
indicate considerable changes in the growth curvaracteristics for the two
exposure periods 6 and 16 hrs. For the exposutiedpoef 6 h (volume B) the
maximum growth occurred at 16 h while for the urosqd cells at 18 h; also, the
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maximum number of microorganisms decreased toxi€’ Zells/ml as compared
with the unexposed cells<80° cell/ml. These results are in a good agreemetit wit
M. Li et al. [12] who used magnetic field for 4 h (0.2 kWRJnto decrease the
survivability of E. colito reach 0.01%.

However, for the exposure period of 16 h (volumettiz) maximum growth
occurred at 14 h with increasing the maximum nunadbehe microorganism to be
2x10'° cells/ml as shown in the table. Moreover, fromstheesults one sees how
the period of the active growth (log phase) de@edsr the two volumes B and D,
which became 12 and 10 h, respectively, while i ¥ea the unexposed cell 14 h
and also the lag phase was short. In spite of tfaese the exposure period of 16 h
increased the cell division rate in a good agree¢mh Nascimentaet al[19] who
concluded that the electromagnetic field (8 h, 3G Hz) had a positive effect in
the consume of glucose and growthEofcoli. They attributed the increase in the
growth to the shortening of lag phase and excit¢rotlog phase.
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Fig. 4. Growth rate oE. colibefore (unexposed) and after exposure periodhof 6

Potenza [24] suggested that exposkgcoli cultures to 300 mT static
magnetic field may stimulate transposition activity
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Fig. 5. Growth rate oE. coli before (unexposed) and after (exposed) exposupaf 16 h.

Table 1

Growth characterization &. coli before and after exposing to the magnetic field

Stationary phase No. of cells/ml at

Samples Log phase (h) (h) stationary phase
Volume A 14 18 8 10°
Volume B 12 16 210
Volume C 14 18 *10°
Volume D 10 14 2107

The inhibitory effect of EMF after an exposure pdrof 6 h on the growth of
bacteria may be due to the interaction betweenraetharges induced by EMF
and that of the cytoplasmic membrane resultingdrtig abolishment of electric
potential of the cytoplasmic membrane with a subeet] decrease in the
macromolecular biosynthesis. Also EMF may causeatgnof bacterial DNA and
inhibition of its replication [9, 14, 27].
Since the present data proved the cellular memboériee microorganism
had been affected by the external magnetic fibldn tone expects a disturbance in
their metabolic activity and, consequently, a cleamgtheir cell division in a good
agreement with Mohammeat al. [18] who reported that exposiigjtyhito a 20 G
magnetic field increased their cell division and member.



El-Sayed A. Gaafaet al. 292

EFFECT OF MAGNETIC FIELD ON BACTERIA ANTIBIOTIC SESITIVITY

Table 2 and Fig. 6 illustrate an increase in thesiieity of volume B to the
antibiotics used especially erythromycin, nalidiaid and amoxicillin as revealed
in the increase of the zone diameter of the migaoism of that volume. These
results indicated that the exposed cells became memistant to the field. Fig. 6
and Table 2 illustrate a decrease in the sengitofithe exposed cells, volume D,
where the diameter of its zones decreased for samigbiotics such as
chloramphenicol, amoxicillin and nalidixic acid. 8e results indicate that the
viability of cells exposed to 16 h increased as arad with the unexposed cells
(stimulation case).

All these results indicate that there are effedtshe used electromagnetic
field to drug mode of action on bacterial cell thgb inhibition of, cell wall
synthesis, protein synthesis, nucleic acids, esderhzymes and change in
membrane permeability [11].

Moreover, Stansekt al. [29] stated that exposing the bacteria to medium
strength magnetic field could significantly altemtibiotic sensitivity. He, also,
found that exposing. colito the magnetic fields considerably increasedatic
resistance.

Table 2
The antibiotic test of exposed and unexpdsecoli
E. coli
Antibiotics Inhibition zone diameter in cm
Exposed
Mode of action Unexposed Exposed (6 h) (16 h)
) ®) D)
Chloramphenicol Inhibition of protein synthesis 18 17 11
Inhibition of bacterial

. enzymes, prevents formation

Garamycin of PAB (para amino benzoic 0.9 L1 11
acid)
. Inhibition of respiration of
Cefaroxil RNA, DNA 1.5 1.9 1.8
Amoxicillin '”h'b'“‘”? of cell wal! 2 24 15
synthesis of bacteria
Nalidixic acid |nh|b|t|0.n of bacterial protein 12 18 11
synthesis and act on ribosome

. Inhibition of protein synthesis

Erythromycin and binding of ribosome 2.5 2.8 2.4
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Fig. 6. The antibiotic zones for the unexposed embsed bacteria (6 h and 16 h, respectively).

EFFECT OF MAGNETIC FIELD ON ULTRA STRUCTURE OF BAERIA CELLS

Fig. 7 shows the ultra structure Bf coli cells for the three volumes, A, B and D.
The figure illustrates a complete lyses of the wall without destruction of cytoplasmic
membrane, granular ribosomal distribution and rauetes appear in the cytoplasm for
volume B. But for volume D, an elongation of thésogas observed with an increase in
the wall thickness of cell and the majority of dyplasmic component disappeared.

Strasaket al.[30] found that magnetic field effects dependtendells shape.

To get better understanding of the interaction raedm of the magnetic
field with biological systems an understandingrdd bioelectrical signals resulting
from the biological system during metabolic acyivé required.
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Fig. 7. Ultrastructure of the unexposed and expbseteria cells (magnification 2040

Mohamed et al. [18] reported that the bioelectrical signals frotme
microorganism normally were carried out through dieg of their cellular
membranes, which generate an electric impulse gir@uphenomenon known as
flexoelectricity. The amplitude and the frequenéyreese impulses depend on the
amount and frequency of bending. These impulsesltrétorough the medium
separating the microorganisms and were receivetheysignal receptors at the
surface and that impeded in the cell membrane. eftver the flexibility of the
membrane is the most important parameters for géoarof these signals. Also
mentioned is that the biomagnetic field from theldgical system associating to
the bioelectrical signals from the membrane of de#s through its metabolic
function is very weak, in nanogauss rangex(@® G). When the biological
systems exposed to an external magnetic field whtseagth is very large relative
to the biomagnetic field of the cells a disturbamcéheir metabolic function will
be expected and lead to death of the cells oraanitrease of their cell division [7,
26]. Del-Reet al [6] found thatE. coli bacteria that had been exposed for a long
time to a 50 Hz, low intensity (0.1-1 mT) magn€irld gave colonies with
significantly lower transposition activity compartedsham-exposed bacteria. Such
reduction in transposition activity was positivelyrrelated to the intensity of the
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EMF, in a dose effect manner also Zhatal. [32] concluded that strong SMF
induce mutations through elevated production afacellular super oxide radicals
in E. colicells.

From the present data it is easily deduced thatéfialar membrane of the
microorganism had been affected by the external neisg field in a good
agreement with Fadel al. [7]. Then we can expect the disturbance of delstbn
and hence, a change in the number of the cellsnber the measured change in
the membrane sensitivity to antibiotic demonstratisth the change in the internal
structure of the cells.

CONCLUSION

From this work, it is concluded that the electronslig field (20 G) affected
considerably the virulence &. coil cells. 6 h exposure time was found to cause an
inhibition case whereas 16 h exposure time enhaheadrulence.

REFERENCES

1. BAKER, F.J., M\.R. BREACHMedical microbiological technique8utterworths, 1980.

2. BAJWA, R., S. MAHMOD, A. ASHFAG, G. NASIM, Effect foelectromagnetism on
nodulation, vesicular arbuscular mycorrhizal infecand top growth of chickpea. I. Response
of electromagnetized rhizobium. Pakistdaurnal of Phytopathology1995,7(1), 76—77.

3. BARNICKEL, M., Prospects for alternative methods @focessing, Part 1 DMZ,
Lebensmittelindustrie und Milchwirtschati998,119(2) 64-72.

4. BOROVKOV, M.F., M.M. ALFA, AM. TSVETKOVA, Influene of microwave
electromagnetic field on meat contaminated withn®akella andE. coli, Aktualnye Voprosy
Infekksionnykh Invazionnyhk Boleznei ZhivonifB4, 130-132.

5. DACOSTA, Y., Pulsed electric field — A promisingtmique,Revue laitiere Francaisel997,
575, 32-34.

6. DEL-RE, B., F. GAROIA, P. MESIRCA, C. AGOSTINI, BERSANI, G. GIORGI, Extremely
low frequency magnetic fields affect transpositiaativity in Escherichia coli Radiat.
Environ. Biophys 2003,42(2) 113-118.

7. FADEL, M.A,, S.M. WAEL, R.M. MOSTAFA, Effect of 5(Hz, 0.2 mT magnetic fields on
RBC properties and heart functions of albino Bisglectromagnetic2003,24, 535-545.

8. FOJT, L., L. STRASAK, V. VETTERL, J. SMARDA, Compson of the low-frequency
magnetic field effects on bacteri&scherichia coli Leclercia adecarboxylataand
Staphylococcus aursyBioelectrochemistry2004,63, 337—-341.

9. HYSON, K.P., The biological effects of electromagmdields (Bioassays), PHD, Montana-
State-University, 1995.

10. JAFFE, L., in:Biological structures and coupled flowa. Optlaka, M. Balaban, Academic
Press, New York, 1983.

11. KLACHKOVA, Y.F., M.E. KVITKINA, Disinfecting cattle slurry by treatment with
electromagnetic radiatioRroblemy Veterinarnoi Sanitarii I., Ekologi1993,2, 14-18.

12. Li, M, J.H. QU, Y.Z. PENG, Sterilization dEscherichia colicells by the application of pulsed
magnetic field J. Environ. Sci.2004,16(2), 348—352

13. LORIAN, V., Antibiotics in Laboratory MedicinéVilliams and Wilins, USA, 1986.

14. LOURENCINI-DA-SILVA, R., F. ALBANO, L.R. LOPES-DOSSANTOS, J.R. TAVARE
A.D., I. FELZENSZWALB, The effect of electromagrefield exposure on the formation of
DNA lesions,Redox Rep2005,5(5), 299—-301.



El-Sayed A. Gaafaet al. 296

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25,

26.

27.

28.

29.

30.

31.

32.

MA, H., Y. DENG, J. CHU, H. MA, Y. DENG, Y. CHU, 8tilization of watermelon juice with
high voltage pulse magnetic field and its mechandsmalysis,Transactions of the Chinese
Society of Agricultural Engineerin@003,19(2), 163—-166.

MEI, L., Q. JIU-HUI, P. YONG-ZHERI, Sterilizationfd&Escherichia colcells by the application
of pulsed magnetic fieldlournal of Environmental Scien¢e2004,16, 349-352.

MICHAEL, B.D., Manipulation of growth characteris$i of yogurt culture by application of an
electromagnetic field, MSC, University of Manitolfzanada, 1992.

MOHAMED, A.A., F.M. ALl, E.A. GAAFAR, H.R. MAGDA, Effects of magnetic field on the
biophysical, biochemical properties and biologieativity of Salmonella typhiMaster thesis
submitted for Biophysics department, Faculty oésce, Cairo University , Egypt, 1997.

NASCIMENTO, F., G.J. BOTURA, R.P. MOTA, Glucose same and growth d&. coliunder
electromagnetic fieldRev. Inst. Med. Trop. Sao Pau903,45(2), 65-67.

NEIDHARDT, F.C., J.L. INGRAHAM, M. SHAECHTERPhysiology of the bacterial cell: A
molecular approachSunderland, MA: Sinuer Associates, Inc., USA,0199

PARASRAMPURIA, D., J. PARASRAMPURIA, Percutaneouslicery of proteins and
peptides using ionotophoretic techniqu&sClin. Pharmacol. Ther1991,16(7), 17-20.

PHILIPPE, G.,Manual Methods for General Bacteriolgg®. Philippe, ed. American Society
for Microbiology, USA, 1981.

PIATTI, E., M.C. ALBERTINI, W. BAFFONE, D. FRATERNAE, B. CITTERIO, M.P.
PIACENTINI, M. DACHA, F. VETRANO, A. ACCORSI, Antiacterial effect of a magnetic
field on Serratia marcescenand related virulence tllordeum vulgareand Rubs fruticosus
callus cells, Comparative Biochemistry and Physiology, Biochemistry and Molecular
Biology, 2002,132(2) 359-365.

POTENZA, L., L. UBALDI, R. DE-CANCTIS, R. DE-BELLIS L. CUCCHIARINI, D.
CACHA, Effects of a static magnetic field on cealbgth and gene expressionkscherichia
coli, Mutat. Res.2004,561(1-2) 53-62.

PRATS, G., F. NAVARRO, B. MIRELIS, D. DALMAUEscherichia colserotype 015:k52:H1
as an uropathogenic clorik,of Clinical Microbiology 2000,38(1) 201-209.

SHIN-ICHIRO, H., I. YOSHIMASA, O. KAZUMASA, A. TAKASHI, S. MAKOTO, Change in
broth culture is Associated with significant suggsien ofE. coli death under high magnetic
field, Bioelectrochemistry2002,57, 139-144.

SHUN, H.L., C. KING-CHUEN, Magnetic field exposursnduces DNA degradation,
Biochemical and Biophysical research communicafi@091280, 1385-1388.

STAINER, R.Y., J.L. INGRAHAM, M.L. WHEELIS, P.R. PINTER, General Microbiology
Macmillan Education, USA, 1986.

STANSELL, M.J., W.D. WINTERS, R.H. DOE, B.K. DARTcreased antibiotic resistance of
E. coil exposed to static magnetic fieBlipelectromagnetic2001,22(2), 129-137.

STRASAK, L., V. VETTERL, L. FOJT, Effect of 50 Hz agnetic fields on the viability of
different bacteriakElectromagnetic Biology and Medicin2005,24(3), 293-300.

YE, S., W. HUANG, M. HE, Q. HE, L. YANG, S. YE, WHUANG, M. HE, Q. HE, L. YANG,
Preliminary study on technology of magnetic fiebinfthermal sterilizationTransactions of
the Chinese Society of Agricultural Engineeri2§03,19(5), 156—160.

ZHANG, Q.M., M. TOKIWA, T. DOI, T. NAKAHARA, P.W. GHANG, N. NAKAMURA, M.
HORI, 1.J. MIYAKOSH, S. YONEI, Strong static magitetfield and the induction of
mutations through elevated production of reactivggen species ifEscherichia colisoxR,
Int. J. Radiat. Biol.2003,79(4), 281-286.



