
EFFECTS OF ELECTROMAGNETISM

ON BACTERIA.

Submitted in Partial Fulfillment of the Requirements 

For Graduation with Honors to the Department of Biology 

at Carroll College, Helena, Montana.

Mike Strekall 
> t

April 1, 1977 CORETTE LIBRARY CARROLL COLLEGE

3 5962 00082 643
CARROLL COLLEGE LIBRARY 
HELENA, MONTANA 5960i

t



Th~
S3

I

This thesis for honors recognition has been approved

April 1, 1977



TABLE OF CONTENTS

ACKNOWLEDGEMENTS........................................... ii

ABSTRACT.................................................. iii

LIST OF TABLES............................................. iv

LIST OF ILLUSTRATIONS...................................... v

INTRODUCTION................................................ 1

LITERATURE REVIEW........................................... 2

MATERIALS AND METHODS..................................... 10

RESULTS.....................................................13
DISCUSSION AND CONCLUSIONS ............................... 26

LITERATURE CITED........................................... 29



ACKNOWLEDGEMENTS

I wish to thank my faculty advisor, Dr. John Christenson, 

for his sincere interest, enlightening criticisms, and per

sistent guidance in this project. Also, I thank my readers, 

Dr. Jean Smith and Rev. Oliver Hightower, especially for 

their advice in preparing the final draft. Mr. Noel Bowman 

deserves recognition for his suggestions. Mr. A1 Murray 

was of tremendous help in the statistical analysis of these 

results. Finally, I wish to thank Len Jasinski and Lynne 

Stevenson for their efforts in supplying needed reference

materials.

ii



ABSTRACT

The application of two bacteria as biosystems for 

determining the growth effects of a high magnetic field 

was studied. Multiplication of Bacillus subtilis and of 

Enterobacter aerogenes was observed during exposure to a 

magnetic field of 6100 gauss. Cell populations were 

studied at 2 hr intervals, and the results were considered 

statistically. No effect of the high magnetic field was 

seen with B. subtilis. On the contrary, significant in

hibition of E. aerogenes occurred at 5 hr. This effect 

disappeared at 11 hr, since control and exposed cultures 

became indistinguishable.
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INTRODUCTION

Study of the biological effect of magnetic fields is 

both a very old and very recent area of investigation. A 

connection between health and the mysterious force of the 

lodestone has been suspected since the dawn of human cul

ture. Nevertheless, only during the last decades has relia

ble evidence of biological effects of the magnetic field 

been discovered (Barnothy, 1964a).

This work is concerned with the effects of a 6100-gauss 

magnetic field upon the growth characteristics of Bacillus 

subtilis and Enterobacter aerogenes. Several studies using 

many bacterial species have provided inconsistant evidence 

of magnetic field effects. Previous characterization of the 

effects of high magnetic fields upon living organisms is of 

paramount importance in the evaluation of the hazards to 

man, should he be exposed to such an environment. I feel 

that examining the simplest forms of life is a good begin

ning for any inquiry into biomagnetism.
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LITERATURE REVIEW

A description of the terms used in this discussion of 

magnetic fields serves as a useful and essential starting 

point. Faraday presented the earliest concept of a mag

netic field in terms of magnetic flux lines emanating from 

magnetic poles. A unit field is defined as one in which 
the flux density (B), or flux per unit area, is 1 line/cm .

In the cgs-emu system, this unit field is called the gauss 

(G), the term most commonly used today. Another important 

term is field intensity (H), which stands for a magnetizing 

field or magnetizing force. Note that H and B are not the 

same, since B devotes the magnetic field induced in any 

region by the magnetizing field. The flux density B result

ing from an Inducing field H depends on the permeability of 

the material p in which the field is induced (Barnothy, 1964a 

Barnothy, 1969).

Stated simply:

B = pH .

In a vacuum in the cgs system, p - 1 and therefore 

B = H. The permeability of air at 20 C and atmospheric 

pressure is 1.000024, thus without the specimen present, 

the field intensity (H) and flux density (B) in the gap 

are for all practical purposes numerically the same (Abler, 
1969; Conley, 1969)- Hence, the units for induced magnetic 

flux density (B), in gauss, and the applied magnetic field 

intensity (H), in oersteds, will be used interchangeably.

A magnetic field's strength or intensity (H) can be
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represented by the density of the lines of force. One line 

of force penetrating every square centimeter of area repre
sents a magnetic field of unit intensity or one oersted (Oe) 

strength. A force of one dyne (10 J N or 10 J Kg m sec ) 

is exerted by a field of one oersted strength upon a unit 

pole(Barnothy, 1964a).

TABLE 1. UNITS OF MAGNETISM

Term mksa unit cgs unit Relationship

--------------------------------------- — — g
Flux O' weber line 1 Wb = 10 lines
Flux Density B tesla gauss 1 T - 1 Wb/m - 10 G
Field Intensity H amper-turn/meter oersted 1 Oe = 79-58 At/m

Adapted from Abler, 1969

The measurable range of magnetic fields is quite large 
and extends from a few gammas (1 gamma - 10 Oe) through 

the geomagnetic field of approximately 0.5 0e and up to 
2.5 x 10^ created by implosion technics (Abler, 1969)-

The biophysical nature of the action of a magnetic 

field has not been thoroughly and conclusively proven.

Hence, the exact physiological mechanism which causes growth 

inhibition is also unknown. However, many theories are 

postulated and will be mentioned in the following.

In regard to magnetism, all substances are divided 

into three classes, namely, ferro-, para-, and dia-magnetic. 

Ferro- and dia-magnetic substances offer less resistance 

to the lines of force of the magnetic field than air.

Hence, the lines of force are drawn'into the substance,
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which turns a sliver of such material so that its long 

axis is in the direction of the field. Diamagnetic sub

stances offer more reluctance to the magnetic field than 

does air. A sliver of this material tends to turn across 

the lines of force (Kimball, 1937)- Molecular nitrogen 

is of a diamagnetic character, and is moved away from 

the strongest parts of the field (Reno, 1966).

Paramagnetic molecules slowed or stopped their rotation 

in a magnetic field, which would imply a decrease of the 

probability of effective collisions, and, therefore, a 

retardation of the corresponding biochemical reaction 

(Valentinuzzi, 1964). Such paramagnetic molecules are 

exemplified by certain free radicals, such as (C^H^)^—,

OH, and 0. These are known to be much more strongly 

paramagnetic than most substances (Kimball, 1937; Pake, 

et al., 1955)•

The effects of homogeneous and heterogeneous magnetic 

fields should be mentioned with regard to the three 

classes of substances. Homogeneous and heterogeneous 

fields differ in their action on paramagnetic substances.

A homogeneous field orients a sliver of material, while 

a heterogeneous field orients and tends to force the mat

erial into a stronger part of the field. These homogeneous 

fields caused no inhibition in yeast cell buds. The heter

ogeneous field produced biological effects on yeast, and 

it was hypothesized that the effect depended upon the trans

location of some of the cellular elements (Kimball, 1937)*
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Svedberg reported on liquid crystals and the influence 

of weak magnetic fields on the orientation of rod-like 

molecules. He found that magnetic fields affected the rate 

of diffusion-the rate rose when the magnetic fields were 

parallel to the direction of flow and fell when the fields 

were applied across the direction of flow (cited by Labes, 
1966). Further studies on crystaline solids showed that 

magnetism was related to viscosity. As the field strength 

increased, so did the viscosity of the crystals used 

(Kusabayashi, et al., 1967).

Magnetic fields were thought to alter the kinetics of 

enzymatic reactions by changing the orientation and the con

centration of biologically active macromolecules(Dorfman, 
1971). Also, enzymes and tissue respiration were influenced 

by magnetic fields, possibly by changes at the supramolecular 

level of structure. This would lead to effective changes in 

chemically specific reactions. Furthermore, the sustained 

magnetic field was suspected of influencing RNA production 
(Kogan, et al., 1971; Pavlovieh, 1971; Shishlo, 1971; 

Valentinuzzi, 1971).

Under a constant field, the resting potential of Nitella 

was decreased, and structural changes in some exposed nerves 

were characterized by RNA. accumulation near the nucleus 
(Kogan, et al., 1971).

Magnetic fields caused changes in the genetic apparatus 

of plants, which affected both the nonspecificity of the 

code and the transfer of information. These were not only
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due to resonance effects, but also structural changes in 

organic gels (Novitsiy, et al. , 1971). A. possible ex

planation for cell arrangement being altered was proposed.

The magnetic field might have produced a reversal of the 

charge on the cells, creating elemental magnetic fields 

which repelled each other (Hedrick, 1964). Some proto

plasmic disintegration was thought also to be caused by 

magnetic exposure (Payne-Scott and Love, 1936).

Many physiological effects have been found caused by 

exposure of living objects to magnetic fields. One additional 

effect is the magnetohydrodynamic inhibition of blood activ
ity (Dorfman, 1971). Also, the influence of magnetic fields 

on immunological reactions is physical, and can be specific 

as well as nonspecific in its action. Complex immunomor- 

phological changes occurred in exposed lymphatic tissues 

during antibody synthesis, and stress was proposed as a 

contributing factor (Vasil’ev, et al., 1971).

Pulsed magnetic fields had greater effects than con

tinuous fields, although the pathological changes were 

not of "catastrophical" magnitude (Garganeyev, et al.,
1971). A strongly magnetic substance could be acted on and 

pulled toward a stronger part of the heterogeneous field, 

thus interrupting the metabolic processes of a cell.

This paramagnetic phenomenon was charged with producing 

inhibition of certain bacteria (Gerencser, et al., 1962).

The extensive evaluation of sea urchin mitosis in the
literature provides the norms necessary for the better
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understanding of the effects as they influence the processes 

of cell division. Using sea urchin eggs, the mitotic rate 

was found to he retarded by fields of 70,000 gauss or greater, 

with a field gradient of 4200 gauss per cm (Reno, 1966). 

Variable mitotic rates were thought to be caused by the 

differential migration of nitrogen and oxygen, due to their 

paramagnetic and diamagnetic properties. As more detailed 

research on synchronous cultures was carried out, the changes 

in the magnetic properties were compared with the stages of 

mitosis. This research added to an understanding of the 

physical mechanisms of these unsolved processes (Samoilova 

and Blimenfel’d, 1961).

The application of yeast as biosystems for determining 

the effects of a high magnetic field has been used in sev

eral instances. When old cells from a Burgundy wine yeast 

were placed on the surface of a favorable solid medium, the 

magnetic field of a small horseshoe magnet retarded the 

rate of bud formation by 20 to 30$ (Kimball, 1937). Also, 

the multiplication of Saccharomyces cerevisiae was observed 

during the exposure to a magnetic field of 4600 gauss. The 

main effect of the high magnetic field was a significant 

reduction of cell multiplication during 24-, 48-, and 72-hr 

intervals (Rostran, et al., 1967)- Finally, yeast cells were 

found to be.sensitive to the action of the magnetic field 
only between 1 and 2 hr of age. This time interval consti

tuted the last half of the lag phase of yeast growth, since 

the new buds began to appear at 2 hr (Kimball, 1937).
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In all experiments performed on yeast cells, the average 

number of buds grown within a magnetic field was lower than 

those grown outside the field. Furthermore, any effect on 

yeast buds was usually associated with a heterogeneous 

field. The homogeneous fields produced no measurable 

effects (Kimball, 1937)- The mechanism by which heterogeneous 

fields might have produced this inhibition was previously 

discussed.

The influence of magnetic fields on life processes of 

microorganisms depends upon several factors:(1)the natures 

of the fields; (2)the magnetic impulses; (3)the length of 

application of the field; (4)the field intensity; (5)biological 

peculiarities of the test object under observation (Pavlovieh, 
1971)- All of the above factors were involved in experiments 

discussed herein.

The results of investigations on the effect of magnetic 

fields on the growth of bacteria have so far been inconclu

sive. Leusdon put forth negative evidence, which found that 

the growth of coliform organisms and staphlococci was unaf

fected by exposure to magnetic fields (citen in Gerencser, 
et al., 1962).

More negative evidence involved 12 genera of bacteria 

exposed to a uniform field strength of 3000 gauss. The 
exposure was for ^8 hr or longer, and it was used to check: 

size of colony (indicative of rate of growth); morphology of 

colony; shape and size of individual cells; reaction to Gram 

stain; pigment and spore production. However, no observable
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effect of the magnetic field, on the above characteristics 

was found (Jennison, 1937)-

Finally, the response of Sarcina lutea to a constant 

homogeneous field of 14,000 Oe showed no inhibitory effect 

during a 24-hr period. Using Escherichia coli as a biosystem, 

no significant quantitative differences in cell levels were 

indicated by the growth of cell populations (Hedrick, 1964).

On the contrary, Magrou and Manigault showed positive 

evidence that tumor production by Bacterium tumefaciens on 

a strain of Pelargonium zonale was retarded by magnetic 

fields (cited in Gerencser, et al., 1962).

Additional positive evidence came from the effects of 

a strong magnetic field on Serratia marcescens. The average 

field strength was 15,000 Oe, having a constant gradient 

of 2300 Oe per cm throughout the culture medium. When 

compared to the control, the magnetized culture showed 

greatest inhibition after 8 hr of exposure (Gerencser, et 
al., 1962).

A procedure identical with the above one was followed 

with a culture of Staphlococcus aureus. No effect was found 

on the growth of the organism, until the field gradient was 

approximately doubled. Then, S. aureus was maximally inhib

ited around 6 to 7 hr, as was the S. marcescens (Gerencser, 

et al., 1962). It also has been shown that S. aureus, when 

placed in a constant homogeneous field of 14,000 Oe, showed 

growth inhibition (Hedrick, 1964).
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MATERIALS AND METHODS

The magnet used in this study was an Ealing Improved 

Large Electromagnet (Model A32-3121) fitted with pole caps 

tapered to 5 cm square, an Ealing Power Supply (Model A.32- 
3956), and a custom built cooling system. The pole faces 

were spaced 2.5 cm apart, thus a homogeneous magnetic field 

of approximately 6100 gauss was established.

The maximum field intensity attainable by a particular 

magnet is determined by the volume of the field and the 

maximum amount of heat that can be removed from the coils 

by the cooling system (Bloom and Packard, 1955)• In this 

set of experiments, cooling problems were encountered and 

had to be solved. Initially, a cooling apparatus was 

wrapped around each magnetic pole. It consisted of 10 

coils of rubber tubing with aluminum foil around it.

Running tap water provided the coolant, but this proved to 

be ineffective at moderate field Intensities. The critical 

temperature for this model of electromagnet is 40 C, and 

with the above equiptment, it was reached in less than 

2 hr. Next, 10 copper tubing coils were added around each 

pole, each wrapped with aluminum foil to maximize heat 

transfer. This was not totally effective. Finally, an 

electric fan diffused the surface heat,and the magnet could 

be run at moderately high strengths for long time periods.

Between these pole caps, a plexiglass water bath was 

constructed. This constant volume container served as an 

incubation chamber for the magnetized test cultures. It
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was maintained at 37 + 1 C by thermostatically controlled 

aquarium heaters, and uniform heating was achieved by a 

cyclic flow of water. A similar apparatus for the control 

culture tubes was devised using a 500-ml beaker. This set

up was also maintained at 37 + 1 C, and was located away 

from the magnetic field.

Within each water bath, 2 13 x 100-ml culture tubes 

containing ml of nutrient broth were placed so that the 

water level was above that of the broth. Each culture tube 

was plugged with nonabsorbent cotten, and through this cotten 

plug was inserted a piece of 3-mm glass tubing, which had 

been heated and drawn out to a fine tip. Room temperature 

air was gently passed into the mouth of the tube, through 

1.5 cm of nonabsorbent cotten, and finally out of the open 

tip, which was submerged beneath the broth's surface. This 

entire apparatus was sterilized in an autoclave at 15 atm 

for 15-20 min before each experimental run.

The inoculum for the first series of experiments con
sisted of 24-hr cultures of Bacillus subtilis (Ehrenberg)

Cohn grown in nutrient broth at 35 C. Two loopfuls of 2^-hr 

inoculum were added to each tube of the magnetized and control 

cultures. Air was passed at a rate of 4 ml per min into 

the inoculated broth to insure constant agitation of the 

growth media. After the cultures were incubated in their 

water baths for 3 or hr, 0.1-ml samples were taken every 
2 hr for a 10-hr period.

The inoculum for the second series of experiments
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consisted of 48-hr cultures of Enterobacter aerogenes Hormaeche 

and Edwards grown in nutrient broth at 35 C. From this inoc

ulum, 1.0 ml was diluted 1:10, and then 0.1 ml of this sus

pension was placed in each culture tube. Again air was 

passed through the broth and 0.1-ml samples were taken every 

2 hr for a 10-hr period.

For each inoculum, purity was maintained by testing the 

organisms at the end of each experimental run. Slides, 

variously stained, were examined microscopically. All char

acteristics of each bacteria used were compared with initial 

slides and were consistant throughout the experiments.

Once a 0.1-ml sample was obtained from each control 

and exposed culture, it was diluted 1:100 into a sterile 
0.85% NaCl solution using sterile technique. A subsequent 
dilution of 1:100 gave a dilution of 10~\ Then, this sol

ution was repeatedly diluted 1:10 until a factor of 10~? 

was reached. Between each dilution, violent agitation 

insured uniform mixing of the previous dilution.

All dilutions were plated into 100 x 15-mm petri plates 

using the pour plate technique, as follows. A 1-ml sample 

was taken by sterile pipette from each dilution blank, and 

placed in petri plates. From stock nutrient agar bottles,

15 to 20 ml of agar was poured in with the previous 1-ml 

samples. Manual rotation of this mixture was used to ensure 
uniformity in distributing the individual cells. Once the 

agar had solidified, the plates were inverted and incubated 
at 35 C for 24 hr. Finally, the resulting colonies were 

counted using the Quebec colony counter and densities found.
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RESULTS

Experiments were repeated four times. A Student's t 

test was used to detect any significant differences between 

the independent events of exposed cultures and control cul

tures. Because of the nature of the data, a Paired-Difference 

test was also employed to provide combinatoric differences. 

These differences were then tested by a two-tailed Student's 

t test at a confidence level of 0.025, where the rejection 

region for 3 degrees of freedom was t + 3>182, Therefore, 

t values exceeding + 3-182 were considered to be statistically 

significant.

Exposed B. subtilis cultures differed significantly from 

control cultures for the run dated 2-28-77- The positive 
t values of ^.609 and 10.53^ were for sample periods of 10 

and 12 hr, respectively (Table 3)- These values indicate 

that the exposed cultures grew at a greater rate during these 

time periods. No statistical difference could be shown for 

B. subtilis cultures grown on 3-7-77 (Table 4; Fig. 2 and 3).

Two significant values were found for E. aerogenes on 

the 3-18-77 run. The first value of t = -6.450 was recorded 

for the fifth hr of exposure (Table 5)• The negative value 

is indicative of a decreased growth of exposed cultures.

The second value of t = 5-898 was recorded for the ninth hr 

of exposure. This value indicates that the exposed cultures 

grew at a greater rate for this time period. Insufficient 

data on the E. aerogenes culture grown on 3-20-77 precluded 

statistical analysis (Table 6), since only one run was

CARROL COLLEGE LIBRARY 
HELENA, MONTANA 5960*
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achieved. Marked similarities in growth patterns were 

found (Fig. 4 and 5)•
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Fig. 1. Incubation chamber suspended between the tapered 
pole caps of the electromagnet. Each culture tube (a) is 
incubated In water (b) kept at 36 + 1 C while exposed to 
the 6100-gauss field between the pole caps (c).

Scale:
4.5 cm
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TABLE 2. BACILLUS SUBTILIS IN 6100-GAUSS FIELD&.

Date 2-28-77

Incub.d 
time, hr E1C E2 Cld C2 te

0
4 26 9 15 7 1.530
5
6 48 255 130 119 .456
7
8 303 649 173 173 3.033
9

10 890 890 485 260 4.609
11
12 975 815 415 389 10.534

a —Number x 10 J = organisms per ml for individual tubes.
dA.ll plates were grown at 35 C for 24 hr.
QThe cell counts of an exposed culture tube averaged 

from 2 plates.
dThe cell counts of a nonexposed culture tube averaged 

from 2 plates.
eValues obtained using the Student's t test on the Paired 

Differences of exposed and nonexposed cultures.
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TABLE 3. BACILLUS SUBTILIS IN 6100-GA.USS FIELD3.

Date 3-7-77

Incub 
time,

b
hr Elc E2 Cld C2 te

0
3 1 2 1 11 0.0
4
5 110 69 200 600 2.348
6
7 2000 2100 1720 6400 1.477
8
9 4800 2700 3500 7100 1.746

10
11 4l00f 3490 44oof 6800f

3. “Number x 10 J = organisms per ml for individual tubes.
T_
All plates were grown at 35 C for 24 hr.

0The cell counts of an exposed culture tube averaged 
from 2 plates.

dThe cell counts of a nonexposed culture tube averaged 
from 2 plates.

0Values obtained using the Student's t test on the Paired 
Differences of exposed and nonexposed cultures.

fCounts obtained through interpolation of the growth curve
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TABLE 4. BACILLUS SUBTILIS IN 6100-GAUSS FIELD&.

Date 2-28-77 3-7-77

Incub.d 
time, hr Ec Cd E C

0
3 1 6
4 18 9
5 90 400
6 152 125
7 2050 4060
8 476 174
9 3750 5300

10 890e 373
11 3790 56ooe
12 895 402

a _ sNumber x 10 J = organisms per ml averaged from 2 culture 
tubes.

dAll plates were grown at 35 C for 24 hr.

CE = (El + E2)/2. 
dC = (Cl + C2)/2.

eCounts were obtained through interpolation from the 
growth curves.
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Fig. 2. Growth curve of Bacillus subtilis culture (number 
of viable cells per ml) incubated in a magnetic field of 
6100 gauss (full line) and control culture (dashed line). 
These graphs represent the average counts made between two' 
tubes inoculated and incubated in the same manner. Both 
control and exposed cultures were grown on nutrient agar 
at 35 C on 2-28-1977.

Incubation Time (hr)
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Fig..3- Growth curve of Bacillus subtilis culture (number 
of viable cells per ml) incubated in a magnetic field of 
6100 gauss (full line) and control culture (dashed line). 
These graphs represent the average counts made between two 
tubes inoculated and incubated in the same manner. Both 
control and exposed cultures were grown on nutrient agar 
at 35 C on 3-7-1977.
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TABLE 5. ENTEROBACTER AEROGENES IN 6100-GA.USS FIELDa.

Date 3-18-77

Incub 
time, hr Elc E2 Cld C2 te

0
3
4

120 125 107 120 2.930

5
6

195 300 445 510 -6.450

7
8

530 1010 410 905 • 705

9
10

1270 1605 920 960 5.898

11 1570 1320 1205 1570 .450

a
Number x 10-6 = organisms per ml for individual tubes.

1^
uA.ll plates were grown at 35 C for 24 hr.
QThe cell counts of an exposed culture tube averaged 

from 2 plates.
dThe cell counts of a nonexposed culture tube averaged 

from 2 plates.
eValues obtained using the Student’s t test on the Paired 

Differences of exposed and nonexposed cultures.
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TABLE 6. ENTEROBACTER AEROGENES IN 6100-GAUSS FIELDa.

Date 3-20-77

Incub.b 
time, hr Elc cid te

0
4 79 130
5
6 230 250
7
8 698 4io
9

10 1035 512
11
12 1100f 922

3. — QNumber x 10 = organisms per ml averaged from 2 culture
tubes.

All plates were grown at 35 C for 2^ hr.
Q
The cell counts of an exposed culture tube averaged 

from 2 plates.
dThe cell counts of a nonexposed culture tube averaged 

from 2 plates.
0
No values were obtained,since no Paired Differences could 

be calculated from the insufficient data. Also, no Student’s 
t test could be run on this small sample.
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TABLE 7. ENTEROBACTER AEROGENES IN 6100-GAUSS FIELD3-.

Date 3-18-77 3-20-77

Incub.d 
time, hr Ec Cd Ele Clf

0
3 123 114
4 79 130
5 248 478
6 230 250
7 770 658
8 698 4io
9 1438 940

10 1035 512
11 1445 1385
12 1100g 922

aNumber x 10 - organisms per ml averaged from 2 culture
tubes.

dA.ll plates were grown at 35 C for 24 hr.

CE = (El + E2)/2. 
dC = (Cl + C2)/2. 

eEl is from Table 6. 
fCl is from Table 6.
rr
“Count was obtained through interpolation from the growth 

curve.
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Fig. 4. Growth curve of Enterobacter aerogenes culture 
(number of viable cells per ml) incubated in a magnetic 
field of 6100 gauss (full line) and control culture (dashed 
line). These graphs represent the average counts made be
tween two tubes inoculated and incubated in the same manner 
Both control and exposed cultures were grown on nutrient 
agar at 35 C on 3-18-1977.

Incubation Time (hr)
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Fig. 5. Growth curve of Enterobacter aerogenes culture 
(number of viable cells per ml) incubated in a magnetic 
field of 6100 gauss (full line) and control culture (dashed 
line). These graphs represent the average counts made be
tween two tubes inoculated and incubated in the same manner 
Both control and exposed cultures were grown on nutrient 
agar at 35 C on 3-20-1977.

Incubation Time (hr)
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DISCUSSION AND CONCLUSIONS

By statistically comparing the growth patterns of 

B. subtills, no recognizable inhibition is found in either 

trial to support the hypothesis. However, in the 2-28-77 

trial, 2 consecutive increases in exposed growth rates are 

found at 10 and 12 hr, but these increases are not present 

in the 3-7-77 trial. Such inconsistency makes it difficult 

to postulate any effect attributable to the exposure to a 
6100-gauss magnetic field.

Comparing.Fig. 2 and 3, a reversal of position is seen 

between the exposed and control plots. Because of this 

reversal, another inconsistency crops up with this data. 

Furthermore, magnetic fields producing increased growths 

in bacteria are found nowhere in the literature. Because 

the growth rates are inconsistent, the positions of plotted 

data are reversed, and the literary evidence is lacking, no 

conclusions can be made concerning magnetic field effects 
on B. subtilis.

Likewise, a statistical analysis of E. aerogenes is 

examined, and some inhibition is found in the 3-18-77 trial 

at 5 hr for the exposed cultures. Then, at 9 hr a significant 

increase in exposed culture growth rate occurs, but a return 

to an equivalent growth rate is seen at 11 hr for exposed and 

control cultures. From these results, it is postulated that 
an exposed E. aerogenes culture is inhibited by a 6100-gauss 

field at 5 hr. Then, some type of adaptation occurs, in 

which the exposed bacteria are able to divide quite rapidly
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and surpass the control at 9 hr. Finally, the exposed and 

control cultures level off after 11 hr, and are no longer 

statistically different. Examination of Fig. 4 and 5 also 

shows much similarity between the graphs of the control and 

magnetized culture.

Results of this same nature are discussed in the lit

erature, and a hypothesis similar to the one above is pos

tulated as follows. During the incubation in the magnetic 

field, a strain resistant to some mortal effect develops. 

Then, the mortality rate of the non-resistant strain rapidly 

increases in younger generations. This makes room for the 

multiplication of the resistant cells (Gerencser, et al., 
1962). However, the above hypothesis sheds no light on how 

the resistance occurs.

The study recorded herein also can not be used for any 

understanding of the mechanisms involved with biomagnetic 

effects. It attempts to show the effects of a 6100-gauss 

magnetic field on the growth of two strains of bacteria. 

Examination of the results will indicate that statistically 

significant inhibition is present when E. aerogenes grows in 

a strong magnetic field. Why E. aerogenes is inhibited when 

B. subtilis is not, and how this occurs is passed the scope 

of this work. Searching for these answers is a wide open 

area left for future studies.

In conclusion, electromagnetic pollution is becoming 

more prevalent today, but much is unknown about the conse

quences of repeated exposure. Hence, more biomagnetic
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research is necessary, since magnetic fields arise in many 

areas affecting man. Physicists and accelerator operators 

in the Atomic Energy Industry are exposed to magnetic fields 

of varying intensities in the course of operation and main

tenance of various ion accelerators (Eiselein, et al., 1961) 

Future space propulsion systems will involve strong magnetic 

fields to contain the propellant (Beischer, 1961; Barnothy, 
1964b). Man is also exposed to high fields in industrial 

plants where high current sources, used in refining, etc. 

generate large magnetic fields. Therefore, man’s exposure 

to high fields becomes more common every day. I believe 

that many answers concerning the biological effects of mag

netic fields can be found through experimentation, and that 

probing into the simplest forms of life will be one path 

leading to a fuller understanding of biomagnetism.
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