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Effect of Electromagnetic Field on Mass of Earthworms
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Abstract

Various experiments have been conducted on the effect of both high and low
dectromagnetic radiations on man and animals especially rabbit and rats. However,
much work hasnot been done onfauna and flora with fragile sygems. This work centres
on theshort term effect of low frequency electromagnetic field on earthworms (Lumbricus
$.). The experiment was carried out usng a population of earthworms exposed to
dectromagneicfidd of frequency of 36kHzand 4 2kHzfor four hoursdailyfor a period of
nine days. Statistical analysis showed that there was a decrease in the mass of
earthworms exposed to fiddsat 42 kHzand 36 kHzwhilethe control experiment showed
no such decrease.
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Introduction

Technological advancement despite its advantages sbheme downsides, one of whicch is
the exposure of livng systems to various fieldsUnconsciously, we are continually
inundated with electromagnetic waves on a daijisbas However, to date, there is an
inadequate knowledge on the effect of these mamkaton blogical systems by devices
emiting these radiations.

When an organism is exposed to an electromagnetit, Some of the electromagnetic
energy is absorbed by the body and converted to h&xcessive heat load and elevated
body temperaturecan be detrimental to health. This is termed taéreffect. Although
there non-thermal effects exist, yet there are bphysical mechansms to satisfactorily
expkin them. (Oresegun, 2003).

The radio spectrum of the electromagnetic field da classified into four broad
categories according to frequency range: Radicudmry (RF) (100 kHz < £ 300 GHz),
intermedate frequency (IF) (300 Hz <<f100kHz), extremely low frequency (ELF) (O< f
< 300 Hz), and static (0 Hz).These frequencies are emitted from devices suclisaal
display unis (monitors, televisions efc), ant ftheevices, hands free access control
systems, card readers and metal detectors, Maghtisonance Imaghng, Welding
devices. Bone growth stimulation s used as aagaeitic applicaton in the IF range. In
this case coils are appled where the fractureoaatéd to stimulate the healing process.
Other applications include Transcranial Magnetian@ation, wound healng, or pain
treatment. A diagnostic appication is the biongmd measurement for cancer detection
(SCENIHR 2007).
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With various regulatons and reports on the effettelectromagnetic waves on man
ICNIRP (1998); IEGMP (2000); RSC (1999) and HCNO@Q very few researches have
been conducted on sensitive and fragle but ecoatyniimportant animals such as
earthworms, nsects, etc.

Earthworms playmportant roke in sol ecology. Sol is made more fertilerotigh the
actmvtes of earthworms by continual sol loosgnirstiring up and aerating (Sarojni T.R,
2007). Earthworms also form a source of food fornynanimals, and constitute the
principal food of moks and shrews (Microsoft EteaR009). The earthworm has well
developed nervous and crculatory system. Theye hamist skin and stay near moist
envionment Sarojni T.R (2007). Earthworms mustin moist sol contaning organic
matter. They usualy live in the upper layers of goil but in winter, they penetrate more
deeply to escape frost. These characteristics miken ideal specimen for the
measurement of electromagnetic effect on fragienais.

Sakuraiet al., (2010) investgated the effect of Extremely Lé&nrequency (ELF) magnetic
fields on Insulin-secreting cells. In short timepesure to ELF magnetic fieds at 5 mT,
glucose-stimulated insuln secretion was decreasned prevention of the increases in
celluar ATP/ADP, membrane depolarization, and sylio free cakium ion concentration
were observed. Ulozienet al., (2005), studied the effect of EMF on Hearing €gfmold
Lewels (HTL) on Pure Tone Audometry (PTA) and THant Evoked Otoacoustic
Emissions (TEOAE's) of young adults for a shortatiom of 10 mihutes. The highest
change observed was 10dB n TEOAE. Repacholi {1893osed a mouse stran that has
been genetically modified to spontaneously devdjopphomas to RF for 30 mhutes a
day durng an 18 months period. The overall effa@s doubing of the number of
tumors. Lilenfedet al., (1978); ICNIRP (1998) proposed that body tempeeadoes not
ree by more than 1K after exposure to radiatiori-urther investigatons on the effect of
ELF on Iving things has revealed effects such @8ADdamage (Lai and Singh, 2004),
leukaemia in humans (Ahlborset al., 2000; Greenlanet al., 2000), skin tumors in rats
(Kumin et al., 1998), accekrated development of mammary turfi®esimet al., 1995;
Fedrowitz et al., 2004) and increase in cell proliferation workdrsrat mammary gland
(Fedrowiz et al., 2002).

Materals and Method

In order to determne the effect of electromagndiidd (EMF) on earthworms, the
folowing expermental setup was empbyed. Coppeis of diameter 11.5mm was
wound round two (2) containers A and B wih raddesn and 6cm respectively. In the
frst container labeled (A), there were two hundeat fifty turns whie on the second
container (B), were wound one hundred turns. 8iglmam a frequency generator were
appied to both coils. The resistance of the usdld was measured as 19 ohms. A third
container (C) was ako utlized with no coill as gwntrol experiment. This was placed at
a considerable distance from containers A and Borévent stray EMF from interfering
with t. The field in container A was determned be at 42 kHz whie the field in
container B was measured as 36 kHz using a seailch c

Soil samples containing organic matter (top solhwa5cni humus) was colected and
carefuly plced in the three containers (A, B, &)l Ten earthworms, considered
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suitable, were selkected at random. Each earthwwas carefuly washed and the
individual mass determined using a digital balatwean accuracy of 0.001g. They were
placed in the three containers in groups of thre&ése containers A and B were kept at a
distance of 20 metres apart whie container C waspetely removed from the effect of
the electromagnetic field.

The experiment was carried out for a period of rdags. Fresh water was sprhkled
equally to the sol sample containhg the earthvgoimall the containers everyday to keep
the earthworms moist. Also, fresh soil samplestopf byered humus soi were sourced
and introduced into the containers every three d8)s to alow for proper feeding and
nutrients of the earthworms.  The electromagretid was switched on in the containers
(A and B) for a period of four hours continuousipdaonce every day after which
observations were made. The earthworms n eaclaioentwere taken out in turn once a
day for the period of the experiment for weighrtgach earthworm was washed and
weighed before placing it back in the container.

To measure the effect of electromagnetic on thesnadisthe earthworms wih respect to
tme the correltion, rate of mass loss/gain artdl tonass difference are computed.
Corrdation quartifies the strength of a linear relatonshietween two variables
(Equation 1).

D (x=X)(y-9)

(1
I (X=X (y-9)*

where x and y are the sample means.

Correl(X,Y) =

When there is no correlation between two variableen there s no tendency for the
values of the variables to ncrease or decreastarddem. The correlaton coefficients
range from -1 to 1, where

« Vales close to 1 indicate that there is a posiivear relationship between the
data columns.

+ Vales close to -1 ndcate that one column of dats a negative linear
relationship to another column of daanficorrdation).

+ Vales close to or equal to 0 suggest there isinearl relationship between the
data columns.

The rate of mass loss/gain shows how fast the rolasi®e earthworms increase/decrease
with respect to time (Equaton 2). A negative gakhows a mass loss whie a positve
number indicates mass gain. Rapid mass loss/gaeasily seen from the high value of
the rate of mass loss/gain.

Rateof masgoss/gain= final mass-initial mass @

time difference

The total mass difference is the diference betwten niial mass and fnal mass while
the mean mass is the average of the experimenta$ foaeach sample.
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Results and Discussion

Al, B1 and C1 are the masses of earthworm 1 inamentA, B and control containers C
respectively. Simiarly, A2, B2 and C2 refer tossas of earthworm 2 n contahers A, B
and C respectively. A3, B3 and C3 refer to thedthiarthworm in containers A, B and C
respectively. The mean of the three earthwormeaph container was also evaluated and
presented in Table 1.

Table 1: Masses of Earthworm exposed to 42 kH&H¥6and control experiment.

Al A2 A3 Ma g g g Ma o4 o g
DAY n n n

-0.984 097 097 09 062 093 098 0.8 086 0& 056 090

2 8 6 1
Correlation 4 8 7 9 8 0 8
Total mass - - - -
0.05 0.00 005 011 0.03 003 0.05
difference(k  0.110 013 010 001 008
2 9 7 1 3 2 9
g) 3 3 9 5

Rate of mass

) ) ) ) ) ) ) 001 000 000 001
change(kg/d -0.014 000 ©0.00 000 000 000 000 0.00

7 9 2 0
ay) 7 1 7 8 4 4 5

0211 005 000 009 025 005 003 011 065 015 006 028
Mean (kg) ) 4 6 1 6 7 0 5 1 2 3 9

The mean mass of the three samples s seen togheshifor the control experiment w hile
the samples exposed to 42kHz field showed the bwesan. Total mass difference is
negative for earthworms exposed indicating lossnass.

From the experiment, at a frequency of 42 kHz, #arthworms show a significant

reduction in mass for the period under investigatioAl showed a marked decrease in
mass from an initial mass of 0.272kg to 0.162kg.hisTis confirmed with a correlation

coefficient of -0.9843. Other earthworms (A2daA3) showed the same trend with
mean mass decrease of 0.052kg and 0.009kg reghecthOther earthworms in container

A (A2 and A3) also exhbit strong correlation caeénts of -0.974 and -0.978

respectively. The mean of the total mass differeacd mean rate of change of mass of all
earthworms in container A were calculated as 0@57%nd -0.007kg/day respectively. On
the average, the analysis showed that the relajiprisetween the mass of the earthworm
and days of exposure at a frequency of 42 kHz hasstrang negative correlation

coefficie nt.

At a frequency of 36 kHz, there was also a markedrehse in mass with the highest
decrease naticed in earthworm B1 (0.111kg). Therage mass loss was cakulated as
0.059kg. This experiment group (36 kHz) also shdbvee fairly strong negative correlation

of -0.6289, -0.6289 and -0.9797 for B1, B2 and BSpectively. Rate of mass change was
also negatve for al the earthworms with a meare raf mass change given as -

0.005kg/day.
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However, the control experiment (C1,C2 and C3) diot show the mass decrease
experienced in the 42kHz group and 36kHz group. e Tibtal mass difference for all
earthworms were negatve whie positive correlatiamd rate of change were obtained.

Negative correlations are observed for samples sexpdo electromagnetic fiekds whike the
control experiment showed positive correlation. eThegative correlation seen in the test
sample are close to -1 showing strong anticoroglati As time of exposure of the

earthworm increases, the masses of the earthwogreakges.

The effect of the strength of the electromagnetdd fon the masses of the earthworms can
be inferred from the rate of mass change. Eartmsoexposed to 42kHz electromagnetic
field showed higher values for rate of change teamthworms exposed at 36kHz. It can
be inferred that the higher electromagnetic fieddises a more rapid rate of mass loss than
the lower electromagnetic field. The control expent showed positive rate of change
which implies mass gain with respect to time (ndrrmeass gain).

It s well recognized that there are establisheapHyisical mechanisms that can lead to
health effects as a consequence of exposure tisoff strong fields. For frequencies
up to, say, 100 kHz the mechanism is stimulatiom@fve and muscle cells due to induced
currents and, for higher frequencies, tissue hganthe main mechanism IARC (2002).

Effect of EMF on earthworms at 42kHz
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Figure 1. Effect of EMF on mass of earthwormsat 42k Hz.
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Figure 2: Effect of EMF on mass of earthworms at 36k Hz.
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Conclusion

It can be inferred that at frequencies 42 kHz a@dkBz there is a negative effect on the
mass of earthworms. Experiments to measure thectetfe EMF on larger population of
earthworms for longer period should also be conmsie It is also imperative that more
research work be done not only on earthworms bhaérofragile but economically viable
animalk.
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