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TOTAL COLONY COUNTS OF SOME MICROORGANISMS IN SOIL SAMPLES
EXPOSED TO ELECTROMAGNETIC RADIATIONS FROM MOBILE PHONES

ABSTRACT

Effect of electromagnetic radiations (EMR) from rilelphones on some soil bacteriBb€illus,
Micrococcus, Saphylococcus, Corynebacterium and Enterococcus) and fungi Saccharomyces,
Penicillium and Geotrichum) strains were studied. At the sfuglyods of 0, 30, 60, and 90 days,
the total colony counts (CFU/g) and viability ratiof bacteria and fungi strains were determined
on both the EMR unexposed and exposed soil sampleélke exposure periods of 30, 60, and 90
days, the mean total colony counts of all the oigas in the EMR exposed samples were
statistically (p<0.05) lower than those of the EMRexposed samples. The percentage changes
in total colony counts of the EMR unexposed andosep soil samples between 0 to 90 days for
Bacillus, Micrococcus, Saphylococcus, Corynebacterium, Enterococcus, Saccharomyces,
Penicillium and Geotrichum were 2.54% and -70.51%, 33.18% abd0%, 11.79% and -
63.93%, 20.12% and -91.96%, 30.00% and -98.9498662.and -61.06%, 42.40% and -100%,
and 50.46% and -78.48% respectively. These show Siaphylococcus and Saccharomyces
strains being the most resistant, wiieterococcus and Penicillium were the most susceptible
strains. The results generally indicate that EMR hegative impacts on both bacteria and fungi
total colony counts.

KEYWORDS: Electromagnetic Radiations, Mobile Phone, FungctBaa.

1.0 Introduction

In the last few decades, the world has witnessedn@arkable increase in usage of wireless
telecommunication network. Nigeria, like other nas of the world, with her overwhelming
population, has warmly embraced the technologys Téievidenced by the number of users
estimated at over fifty per cent (50%) of her omedred and forty million populations (Zain,
2005). The increase in the number of users is ntitowt an increase in the number of base
stations spread across the nation, to receive emdl @@mmunication signals.

The mobile phones in their receiving and sendingcgsses use (mostly) microwave with
frequency of 945MHz (Bakr, 2004), emitting radiatothat may be absorbed by various organs
of the body at various degrees depending on theephhere they are located (Ozgueesl.,
2005; Okteret al., 2005).

Mobile towers are especially dangerous because éhely microwaves at a frequency range of
900 to 1900MHz. Recent studies have shown thatntemse radioactivity from mobile phone
towers adversely impact on every biological orgamigithin 1 square kilometer (Bakr, 2004).

Mobile phones and base stations emit electromagrediations that penetrate the living bodies

to a distance that decreases with increasing frequgStewart, 2000), and poses threat to human
and other flora and fauna in two (2) ways: diremtvironmental) and indirect (health) hazard

(Jain and Wullert, 2002).
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Dreyfuss and Chipley, (1980) studied the effect E¥IR at sub-lethal temperature on
Saphylococcusaureus and suggested that the existence of a phenomefferedi from thermal
heating would have been responsible for alteretvigcof various metabolic enzymes. There
have also been a lot of other reports favouring d¢kistence of thermal effects (Carta and
Desogus, 2010; Coptgt al., 2006), but the studies refuting the possibility mafne-thermal
effects (Kozempeét al., 2000; Shazmast al., 2007; Vela and Wu, 1979) cannot be jettison.
Studies orE. coli andS aureus suggested that physical damage caused by micrenadeto
alterations in membrane permeability and consedyéftux of extracellular C&". An increase

in cell permeability of up to 89.8% and 19.7% wel#ained after MW treatment & aureus
and E. coli respectively (Cheret al., 2007).High frequency electromagnetic field of bit®
phones affected the viability dtaphylococcus aureus but not its ability to produce biofilm
(Boon et al., 2000). At the exposure of three different bacterial gg E. coli, Lectercia
adecarbodxylata and Saphylococcus aureus to EMR of 50Hz, the viability ofE.coli was
significantly reduced in comparison to the otheo tapecies, withSaureus being the least
affected (Fojtet al., 2004). However; prolonged exposure to 50Hz Lowgkency-EMR has
been shown to affect transposition activityincoli (Del Reet al., 2003).Duration of EMR
exposure therefore, seems to be a major determi&@iR effect on microorganisms. The time
of exposure and power density are correlated iray that decrease in power density (PD) may
be compensated by increase in duration of exposure.

The importance of bacteria, mould and fungi ingb# cannot be over emphasied. For example,
the main role of mould and fungi in the soil iskheeakdown the remains of plant materials.
Bacteria can only feed on these materials followihgir breakdown by fungi and moulds.
Through the activities of these microorganismsbear nitrogen and other minerals are released
to the soil for plants utilization. Therefore, fat that affect the activities of these
microorganisms in soil, for instance, will negake tfertility of the soil. Also, bacterial and
fungal communities occupy overlapping niches inl.sbisturbing these communities, for
instance, through the removal of key members, n@yge the balance existing between them.
The resulting imbalance may alter the influencebatteria and fungi on their niches, and
consequently, to the functional ecosystem.

This work is designed to take a step look at thgaich of EMR on microorganisms in the soil. It
must be noted that soil flora and fauna are notmgted from the possible increasing impact of
electromagnetic radiations from wireless netwoeks] as such, studies on microorganisms in
their natural environment will provide insight inttee overall effect of EMR on the soil.

2.0 Materialsand Methods
2.1 Sample Collection

Soil samples were collected with the aid of thotdugvashed and air-dried plastic containers at
a depth of 30cm from five different sites (at atali€e of 2m from each other) on a five-year
fallowed garden farm of Federal University of Teclugy, Owerri, Nigeria. They were collected
in the month of August, 2013 and then homogenikahyood, UK). Five kilograms (5 Kg) of
the homogenized soil sample was then weighed irgoh eof two experimental tanks,
measuring120x120x100 cm each.
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2.2 Experimental Set up

A commercially available Nokia 2700 mobile phon@d®Hz band with modulated voice and
Specific Absorption Rate of 0.927W/Kg) was usedtfa generation of EMR for this study. The
cell phone was sandwiched at a depth of 5cm irbkeesoil sample of experimental tank one
(Fig. 1A). During exposure, the cell phone was kapttalking mode for four hours per day, in
vibration and the phone battery was also kept athrg

The unexposed sample (with no phone) was placed dataa distance of 150m) from the
exposed sample (with phone) at the same atmosptwrditions (Fig. 1B).Both the exposed and
the unexposed soil samples were irrigated contisiyaio maintain 75% humidity and a room
temperature of 27 for periods of 0, 30, 60 and 90 days. The mabilene was temporarily
removed (2minutes) from experimental tank one dugrery irrigation exercise. The exposed
and unexposed sample set-ups were kept away fromirmtrument or machine to avoid
interference from any form of unwanted EMR. At tved of each period, soil enzyme activities
were assayed.

96

Figure 1: Experimental set-up of the Test (A) &uhtrol (B) Samples
2.3Preparation of Sample

Ten grams (10g) of the soil samples were dispeirsed90ml of sterile diluent to obtain 10
dilution. Further dilutions were made until 4 @ilution was obtained (Beishir, 1987). Aliquot
portions (0.1ml) of appropriate dilutions were intated onto surface dried nutrient and potato
dextrose agar (PDA) respectively. The inocula wareead evenly on the media with a sterile
hockey stick-like glass spreader. This was donertsure even distribution of discrete and
countable colonies. Nutrient agar plates were iatd at 3%C, while PDA plates were
incubated at ambient temperature (28%0)2

2.4 Deter mination of Microbial Total Colony Counts

A total colony count was determined manually byidiing the plates at the reverse side and
counting visible colonies; the total colony courdsathen expressed as colony forming units per
grams (CFU/qg) according to Harrigan and McCanc®@).9
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Microorganisms isolated from the soil samples welaracterized on the basis of colonial,
microscopic and few biochemical tests as descrimpdCheesbrough (2000); Harrigan and
McCance (1990).

The traditional method of microscopic examinatidrbacteria and yeast in the laboratory is the
Grams’ staining method. The staining method empmlagehis study was according Gardner and
Provine (1975); Cheesbrough (2000). At the endchefgdrocess, bacteria that retained the violet-
lodine complex after washing in ethanol were cfassias Gram positive, while those that lost
this complex were classified as Gram negative.

The method applied for the microscope study ofjfumas according Harrigan and McCance
(1990). A large drop of mounting fluid (10%KOH) wakaced on a clean grease-free glass slide.
A bit of the specimen was carefully laid out instlsimall lake and a cover slip placed. The slide
was gently warmed to remove air bubbles and to rs#h#he action of the staining fluid. The
preparation was allowed to stand for 10-15 mintitesemove air bubbles. By gently pressing
down the cover slip or blotting the excess mountiogl or both rendered the organisms easier
to see. It was then examined with the high dry abje (40x) microscope.

Some biochemical reactions: carbohydrate fermemtatatalase and oxidase tests were carried
out as described by Cheesbrough (2000), to idespBcies that could not be distinguished by
their cultural and micro characteristics.

2.5 Viability Ratios of the | solated Microbes

The viability ratios of the organisms were calcethby dividing the number of viable cells after

exposure (cfd with the number of viable cells of control (gfu.e. Viability ratio :%

2.6 Statistical Analysis

All analyses were done in triplicate and the datmegated were analyzed using One-way

ANOVA and Duncan’s test with the aid of Statisti®alckage for Social Science (SPSS). Values

for P<0.05 were considered statistically significant.

3 Resultsand Discussion
Radiations generated by mobile phones are nonHani@NIR). The effects of non-ionizing
radiations in living cells have been widely reported, however, the mechanism of action has not been
fully documented, though it is thought to be through the action of reactive oxygen species.AlS0, the
ideas of resonant absorption and resonant interectiave been proposed as an explanation
for the marked sensitivity of living systems to EM@osic, 1997). In the present study, the
effect of electromagnetic radiations from mobileopé on total colony counts (CFU/g) of
soil  Baccillus, Micrococcus, Saphylococcus, Corynebacterium, Enterococcus,
Saccharomyces, Geotrichum and Penicillium stains, for the exposure periods of 0, 30, 60 and
90 days were examined. The results generally iteticéhat the total colony counts and
viability ratios of the bacteria and fungi strafos the EMR exposed samples decreased with
increase in exposure periods from zero (0) to gin®0) days compared to the EMR
unexposed samples. Though, bacterial species haea kbeported to differ in their
susceptibility to EMR inactivation (Najdovskdt al., 1991), the results however, were
consistent with the findings of Komaroeh al., (2008); Strasalet al., (2002); Fojtet al.,
(2007), that an increase in magnetic strength caosathlity in E.coli with the organism
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losing its ability to form colonies and consequgrgtew at a slower rate than the control.
This observation have be attributed to non-therf@hermal) effect, which has been
suggested to have an important role in the supipresd microorganisms in suspension
(Jenget al., 1987),though; the mechanism of action has nat beyorted.

Staphylococcus is a genus of gram-positive bacteaphylococci are facultative anaerobes
that are found worldwide and are small componeritsad microbial flora. They form
clusters, produce catalase and have appropridtevaklstructure (including peptidoglycan
type and teichoic acid presence) (Harris and Fp&@02).Corynebacterium is a genus of
Gram-positive, rod-shaped bacteria. They are wididyributed in nature and are mostly
innocuous. They are catalase positive, none smomeiig, none motile, rod-shaped bacteria
that are straight or slightly curved. They occumeoaonly in nature in the soil, water, plants
and food productsEnter obacteriaceae are rod-shaped, typically s in length and are
Gram-negative stains. They are facultative anaasrobat ferment sugars to produce lactic
acid and various other end products. They are sjpomngng and generally lack cytochrome
C oxidase, although there are exceptions suchPlesomonas shigelloides (Harris and
Foster, 2002)Micrococcus is a genus of bacteria in the micrococcacene farttilyccurs in

a wide range of environments, including water, dastd soil. They are Gram-positive,
spherical cells ranging from 0.5 to 3 um in diamei&d typically appear in tetrads. They are
catalase positive; oxidase positive, indole negasind citrate negative (Daniglal., 2008).
They can grow well in environments with little watg high salt concentrations. Though not
a spore-former, micrococcus cells can survive foreatended period of time (Greenbéht
al., 2004).Bacillusis an extremely diverse group of bacteria thatudelthe causative agent
of anthrax Bacillus anthracis). They are rod-shaped, gram-positive sporulagiegbes, or
facultative anaerobes (Harris and Foster, 20829trichumis yeast found worldwide in soil,
water, air, and sewage, as well as in plants, raead dairy products (Bouakliret al.,
2000).Geotrichum strains produce rapidly growing, white, dry, powd® cottony colonies,
resembling "ground glass." When disturbed on thi&asa, the colony becomes yeast-like or
slimy. The optimal growth temperature is 25®enicilliumis a large and difficult genus
encountered almost everywhere, and usually the amstdant genus of fungi in soils. There
are approximately 200 species of this filamentaugfis, many of which give off a musty
odor. Species dPenicillium are recognized by their dense brush-like sporeiigatructures
called penicillin.Saccharomycesis yeast, which can exist either as single-celleghoisms
or as pseudomycelia. The cells are reproduced bitilaeral budding. They can be
differentiated based on growth characteristics @mgsiological traits. Saccharomyces strains
are frequently isolated from the stools and throatsnormally healthy individuals

S cerevisiae for instance, is a normal inhabitant of soils amdvidespread in nature. These
traits enhance the organism's ability for long tesumvival (LaVeck, 1991). Since solil is a
natural habitat foB. cerevisiae, it would be expected to survive well in soil.

Figures 2, 3, 4, 5, 6, 7, 8 and 9 present3iaphylococcus, CorynebacteriumEnterococcus,
Micrococcus, Bacillus, Geotrichum, Penicillium and Saccharomyces strains total colony
counts (CFU/g) of electromagnetic radiation (EMRp@&sed and unexposed soil samples
respectively. They show significar?€0.05) reduction ir&taphylococcus, Corynebacterium,
Enterococcus, Micrococcus, Bacillus,Geotrichum, Penicillium and Saccharomyces strains
total colony counts (CFU/g) of EMR exposed samplethe exposure periods of 30, 60 and
90 days with the overall percentage changes oB%3and 11.8%, -92.0% and 20.10%, -
98.94% and 30.0% , -75.80% and 33.2% , -70.50% arkD%, -78.57% and 50.24%, -
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100% and 41.94%, and ,-61.11% and 62.14% foEMR exposed and unexposed samples
respectively, indicating the negative impact of tteatment on the organisms. These findings
agree with Booret al., (2000); Mohd-Zairet al., (2012); Otludilet al., (2004); Grundleet

al., (1977) who reported lost of viability of the ganisms following exposure to
electromagnetic radiations.
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Fig.2: Saphylococcus strain total colony counts (CFU/g) of electromagneadiations
(EMR) exposed and unexposed soil samplesA, %verall percentage change in
Staphylococcus strain total colony counts. * Values are signific@<0.05) in comparison
with their respective EMR unexposed control.
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Fig. 3: Corynebacterium strain total colony counts (CFU/g) of Electromaimeadiations
(EMR) exposed and unexposed soil samplesA, %verall percentage change in
Corynebacterium strain total colony counts. * Values are signific§?<0.05) in comparison
with their respective EMR unexposed control.
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Fig. 4: Enterococcus strain total colony counts (CFU/g) of Electromatimeadiations (EMR)
exposed and unexposed soil samples, erall percentage changeHnterococcus strain
total colony counts. * Values are significaf<(Q.05) in comparison with their respective
EMR unexposed control.
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Fig. 5:Micrococcus strain total colony counts (CFU/g) of Electromatymeadiations (EMR)
exposed and unexposed soil samples, ®verall percentage change Micrococcus strain
total colony counts. * Values are significaf<(Q.05) in comparison with their respective
EMR unexposed control.
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Fig. 6: Bacillus strain total colony counts (CFU/g) of Electromaigmeadiations (EMR)
exposed and unexposed soil samples, verall percentage changeBacillus strain total
colony counts. * Values are significarR<0.05) in comparison with their respective EMR
unexposed control.
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Fig.7: Geotrichum strain total colony counts (CFU/Q) of Electromatimeadiations (EMR)
exposed and unexposed soil samples, @verall percentage change Geotrichum strain
total colony counts. * Values are significant (8%). in comparison with their respective
EMR unexposed control.
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Fig.8: Penicillium strain total colony counts (CFU/Q) of Electromagneadiations (EMR
exposed and unexposed soil sampleA, overall percentage change Renicillium strain
total colony counts. *Values are signific (P<0.05) in comparison with their respect
EMR unexposed control.
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Fig. 9: Saccharomyces strain total colony counts (CFU/g) of Electromagmnetdiations
(EMR) exposed and unexposed soil samplesA, overall percentage change
Saccharomyces strain total colony counts. * Values are signifit (P<0.05’ in comparison
with their respective EMR unexposed con
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Fig. 1Q Viability ratios of bacteria strai

Figure 10shows the viability ratios of the bacteria isolatéseveals thaSaphylococcus

andbacillus strains offered more resince at theend of 90 days of exposure to the radia
than the other bacteria stre, with a decreasingorder of resistant of:

Saphyl ococcus>Bacillus>Micrococcus> Corynebacterium>Enterococcus. The reason for
the development of resistance to radiation is beybe scope of this paper. Perhabs, furt
researchin this field would reveal itMeanwhile, organisms usually develop differ
survival strategies, one of such strategies isathéty to form the metabolically dorma
spore. We can propose ththeseorganisms that offered more resistance may havi
ability to rapidly and correctly repair the extaresdamage caused to its genetic materie
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the radiation or the ability to protect their DNfom damage through the synthesis of heat
shock protein.
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Fig.11: Viability ratios of Fungi strains.

Figure 11 shows the viability ratios of the fungplates. It indicates th&accharomyces strain
was more resistant to the radiation at the enddal&ys of exposure than the other fungi strains.
The decreasing order of resistanc&ascharomyces>Geotrichum>Penicillium, with Penicillium

completely losing its viability (100%) at 90 dayk exposure. The viability ratios%) here

indicate the growth relationship between the orgasi in the EMR exposed and EMR
unexposed samples. At value of one (1), it wouldambalance in growth between the EMR
exposed and unexposed organisms and by implicatien,treatment had no effect on the
organisms. At value below one (1), it would implgctine in the number of colonies of the
organisms in the EMR exposed samples and by eaterdirevelation of negative impact of the
radiation. At value above one (1), it would indecdhat the number of colonies in the EMR
exposed sample increased more than the unexposgaesa This would imply stimulation of
growth of the organisms by the treatment. The tesafl the viability ratios for bacteria, fungi
and yeast (fig 10 and fig 11) between day 30 andBOw values lower than one, thus reflecting
the negative impact of the treatment on the orgasisThis has offered an insight into the
activities of microorganisms in relation to radies around telecommunication magksivo.

4 CONCLUSION

The work examined the impact of electromagnetic¢ataeh from mobile phones on total colony
counts of soiBaccillus, Micrococcus, Staphylococcus, Corynebacterium, Enterococcus bacteria
stains andsaccharomyces, Penicillium, Geotrichum fungi strains at exposure periods of 0, 30, 60
and 90days. Results indicate that EMR has negatipact on the total colony counts of the
studied microorganisms. However, the susceptibditthe organisms to the treatment varied,
with Staphylococcus and Saccharomyces strains being the most resistant, whieterococcus
andPenicillium were the most susceptible strains. Based on teere&d effects, it is concluded
that EMR from mobile phone has tremendous negatipact on the studied microorganisms.
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