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Abstract
The effect of continuous-wave radiation on periphdslood in albino mice was investigated. A radiati
frequency of 2450MHz was applied at an average palsasity of induced fieldomW/cnf. Ten 13 week old
albino mice with average body mass of 35.0g weveldd into 3 groups, preliminary group, control gpo C
and the irradiated group, E. Two (2) mice were ufsedpreliminary studies, four (4) were kept to\sels
control batch, and four (4) were exposed to micnmsafor 60 days, at 2 hours per day. Peripherabchlo
samples were taken immediately after irradiationtrom £, 16" 32" and the60" day of the experiment. The
total white blood cells count of both control, Ctdlaand exposed, E batch, as well as the diffaknthite
blood cells count were investigated. The morphologells was also observed, during each sessioimeof
investigation in comparison with control C batclneTresults revealed a decrease in the total whkitecount
which consistently continued in irradiated E batcim the ' day of irradiation in the sample of the irradiated
batch in comparison with the control C batch samp&ight increase in relative proportion of thaitnephil
was observed in E batch sample in comparison wigh@ batch samples. Our investigation confirms wave
exposure affects the white blood cells parameteexposed animals.

1.0 Introduction

It has been proven that radiation affect the heaflfinimals, but are also useful for their develeptnResearch
has shown that ionizing radiations is or can begdesus, non-ionizing radiation in the other hands lalso
become a source of concern, since it is now cettahhigh and low dosages are harmful to the husyatem,
causing cataracts, burns and temporary sterililgctEbmagnetic radiation can be arranged in a sp@cthat
extends from waves of extremely high frequency stibrt wavelengths to extremely low frequency wiating
wavelengths in order of decreasing energy. Thetrel@agnetic spectrum consists of gamma rays, x-rays
ultraviolet radiation, visible light, infrared radion, microwaves and radio waves.

Non-ionizing radiation for many years has been istlidexperimented and documented that high dosages
harmful. In recent years, however, with the proéfeon of the "Global Systerfor Mobile Communication”
(GSM) phone, the possible effects of these dewidaéish are known to emit low level non-ionizing ration
began to be a matter of scientific concern. GSMvoeks operate at various radio frequencies. Mostate at
900MHz or 1800MHz. The transmission power in thends®t is limited to a maximum of 2 watt in
GSM850/900 and 1 watt in GSM 1800/1900. Part ofwlaee emitted by a mobile handset is absorbed &y th
human head.

It has been proven that, the brain cells are midstted by the radiations. Lai and Singh (1996)nfbtdouble
strand DNA breakage on somatic cells", having begosed to radio waves similar to that of the GSidre
level. Magras and Xenos (1997) also reported amvérsible sterility in mice" after 3 generatiorfse@posure
kept within a communication antenna area. This waorkestigated the effect radiation on blood (whiteod
cells) using mice. Low energy microwave was usedritaalmost the same frequency and energy intensity
similar to radiation emitted by the Global Systéon Mobile Communication (GSM) phones and network
antennae. We limited the research to differentiaitevblood count, total white blood count and mariplyical
formations of white blood cells.

2.0 Literature Review

The rate at which radiation is absorbed by the hubwdy is measured by the Specific Absorption R&&R),
and its maximum levels for modern handsets haven lset by governmental regulating agencies in many
countries. In the USA, FCC has set a SAR limit & W//kg for most parts of the body. Results froiBveedish
scientific team at the Karolinska Institute (Lonna¢ 2004 ) have suggested that continuous use rabbile
phone for a decade or longer can lead to a smakase in the probability of getting acoustic neuwapa type of
brain tumour. Another area of worry about effeaigttoe population‘health, have been the radiation emitted by
base stations (the antennas on the surface whitimoaicate with the phones), because, in contrasidbile
handsets, it is emitted continuously. Due to theraiation of power with the square of distancdd fietensities
drop rapidly with distance away from the base efdhtenna.

All the various types of blood cells are producedhie bone marrow daily. They all arise from thenatopoietic
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stem cells. These stem cells are very rare (onty 10,000 bone marrow cells), they are attachedadsty by
adherence junctions to osteoblasts, living in tireei surface of the bone cavities. They reprodycenitosis.
The production of various cells are regulated artidled by cytokines. Cytokines comprise of:- hgekins:
produces T and B lymphocyte,Erythropoietin; for tddod cells, Thrombopoietin: for platelets, Graruyites:
macrophage progenitor or factor, produces

(a) Neutrophils.

(b) Eosinophils

(c) Basophils.
Finally, some macrophage stimulating factor predutie monocytes.
2.1 Biological Effects Of Microwaves
The intensity (or power intensity) of microwave tine environment is measured in unit such as m\/cm
(milliwatts per square centimeter). However, theemsity provides little information on the biologlc
consequence unless the amount of energy absorbtt liradiated object is known. This is genergliyen as
the Specific Absorption Rate (SAR), which is theeraf energy absorbed by a unit mass (e.g. ond kgsue)
of the object, and usually expressed as W/kg. Ts®mption rate and distribution of microwave eneigyan
organism depend on many factors. These includéedie composition (i.e. ability to conduct elgcity) of the
irradiated tissue, e.g. bones with a lower watetnteat, absorb less of the energy than musclessitieeof the
object relative to the wavelength of the microwasteape, geometry, orientation of the object andigoration
of the radiation, e.g., how close is the objechfrthe microwaves source? These factors make dititsib of
energy absorbed in an irradiated organism extrecwmtyplex and non-uniform, and also lead to the &irom of
so called 'hot spot' of concentrated energy intidgie. An experiment reported by Chou €18B5) measuring
local energy absorption rates (SAR) in differemgaar of the brain in a rat exposed to microwave shas/n that
"two brain regions less than a millimeter apart bame more than a two-fold difference in SAR". Berset al
(2005) found a linear dose-response relationshigldok neurons at 50 days after exposure, with mashinent
occurrence at SAR 200mW/kg.
However, the distribution of energy in the headaofiser of mobile phone is more discrete becaustheof
relatively stationary position of the phone. 'Hpots' may form in certain areas of the head, Aeference, from
theoretical calculations (e,g, Dimbylow and Marg94; Martens et al 1995), peak 'hot spots' SARhintead
tissue of a user of mobile phone can range froma 8W/kg per watt output of the device, The peakrgne
output of mobile telephone can range from 0.6-1t,vedthough the average output could be much smallaus,
in summary, the pattern of energy absorption inaitk irradiated body is non-uniform, and biologiedponses
are dependent on distribution of energy and thelevbody part that is affected (Lai et al; 1984a98)9 This
further indicates that the pattern of energy alsampcould be an important determining factor of thature of
the response of blood in the veins of a mouse wigcin motion There are also data showing different
frequencies producing different effects, or anaff@as observed at one frequency and not at anigttsprarse.
An example is the study by Sanders et al, (1984) albserved that "microwave at frequencies of 20 %81
MHz, but not at 2450MHz, produced effects on enargtabolism in neural tissue". For example changes
blood-brain barrier have been reported after exygosu microwave of 915MHz (Salford et al,1944); QRMHz
(Frey et al 1975), 450MHz (Sheppard et al, 1979) @tbMHz (Dutta et al,1984).
An important question regarding the biological eféeof microwave system adapt to the perturbatiuh sith
continued exposure, when will homeostasis breakndeading to irrepairable damage? The questionhather
an effect will cumulate over timeith repeated exposure is particularly important in @ering the possible
health effects of mobile phone usage, since itlives®repeated exposure of short duration over g fmriod
(years) of time.
Existing results indicate changes in the respohseacteristics of the nervous system with repeatgubsure,
suggesting that the effects are not ‘forgotterérafich episode of exposure. Depending on the mespatudied
in the experiments, several outcomes have beemtegpo

1. An effect was observed only after prolonged (orestpd) exposure, but not after one period of
exposure (e.g. Baranski 1972, Takashima et al 1979)

2. An effect disappeared after prolonged exposureestiggy habituation (e.g. Lai et al 1992).

3. Different effects were observed after differentations of exposure (e.g. Baranski, 1972; Servesitie

al 1974; Snyder et al. 1971).

This conclusion is important since mobile phoneatan is modulated at low frequencies. This also
raises the question of how much do low frequencgctdt and magnetic fields contribute to the
biological.effects of mobile phones radiation?

Therefore, frequency, intensity, exposure duratéom the number of exposure episodes can affeceiponse
to microwave radiation and these factors can iotendth others and produce different effects. Inliidn, in

order to understand the biological consequencesiabwave radiation exposure, one must know whether
effect is cumulative, whether compensatory resppmssult and when homeostasis will break down. i8sud
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have been conducted on the effects of microwav@igtian on blood and the immuno-competent systeun, b
the results are frequently contradictory and tresoes for the discrepancies are not always eatsiytified.
Based on available experimental data, it is betietrat both beneficial and adverse health effeets loe
induced by microwave radiations, depending on dwws of exposure. Multiple sources of mobile
communication microwave and others results in clarerposure of significant part of the general publ
3.0 MaterialsAnd Method
The effect of continuous-wave microwave radiation the blood of white mice (albino mice) was
systematically experimented. Microwave frequenc460MHz was used with a power density of an induce
field of 100mWIcnf. Ten 13-week-old mice with an average body mag5gfwere divided into two (2) groups,
control group, C and exposed grobpEach group had four (4) mice. Two mice, out of tke were used in
preliminary studies for proper understanding ofapaeters standard. The E batch (group) of mice expesed
to microwaves for sixty (60) days contained in axplcage. Exposure was limited to 2 hours per @iéyod
samples were taken on th& 16", 32" and60" dayfor the following examinations:

0] Temperature

(i) Total white blood count

(i)  Differential white blood count

(iv)  Microscopic assessment of structural morphologstained white blood cells.
Two kinds of specimen used in conducting this redewere:
0] Primary SpecimerThese were blood samples of the C and E batchese&xh.
(ii) Secondary Specimeithese were batches of E and C mice (alive) foubpézh.

Each batch of specimen (secondary) was kept iredestwell-ventilated plastic cage or also called
plexi-cage. Various instruments and reagents weee in conducting the research. The microwave soused
was a modified soft-touch micro-chef LG oven withntinuous operation that produced 2450MHz, with an
average power density of electromagnetic field @hW/cnf. A rectal veterinary thermometer was used for the
temperature measurement. The control C batch gpalsexE batch of mice were kept in two (2) sepapkei-
plastic cages containing 4 mice in each cage. Thatéh was then placed inside the moulinex micreiaxen,
regulation buttons were then set at a frequenc460MHz and power of 10mW/dmirradiation was allowed
for 2 hours each day. This procedure continuedfspan of 60 days. However, the C batch was kegairately
from the E batch in a separate room.Temperatudingavas done before and after exposure at eashosdsy
inserting an alcohol veterinary thermometer throtigd rectal opening of the mice.Using a 1 mm capill
needle, the venous blood was withdrawn from tha aeid was done aseptically to avoid contaminatiosisfal
microscopic count of the total white blood cells)@ined in a sample was done. That was achieved i
proper dilution techniqgue and mounting for the dmm using the manual longitudinal method of diéfetial
count.Morphology examination in terms of variatiarsize, shape and colours of stained cells wemgeckout.

4.0 Results And Analysis

The haematological parameters show some significhahges in the blood samples (specimen) of a 3&.0g
average weight albino mice that was exposed toawiave radiations similar to that of the GSM phorithw
frequency 2450MHz at a power density of 10mW/émfour experiment sessions of th& 16" 32" and60"
day of exposure. The total blood count, differdrtiaod counts and temperature values have all beemged
in statistical table 1 and histograms 1-6 for eamyparison of the result of the exposed, E batchtla@ control,
C batch of the mice, used for the research. Tabkethe result of the preliminary experiment was donghe
entire blood of the mice showing the following pasdric values:

0] White blood cells count (total)
(ii) Red blood cells count (total)
(iii) Haemoglotin value

(iv) Pack cells volume (PCV)

(v) Mean cells volume (MCV)

(vi) Mean cells haemoglobin (MCH)

(vii) Mean cells haemoglobin concentration ((MCHC)

(viii) Platelets count.
The following results have been presented usingdiams. They include:
(a) White blood cells count vs sessions, figure 1
(b) Lymphocytes (number) vs sessions, figure 2
(c) Neutrophils (number) vs sessions, figure 3
(d) Eosinophils (number) vs sessions, figure 4
(e) Monocytes (number) vs sessions, figure 5
(f) Temperature readings of the four sessionsyédu

However, the basophils showed no significant rasposince the probability of finding a single dsll

1/10in sessions of experiment due to its very littlecamt in the entire blood, was left out and labeléd
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Table 1: Complete Blood Count Of Albino-Mice.
SN Parameters Valuesg/Units (mean)
1 Red blood cells (total count) 9.87 xHier
2 White blood cells (total count) 4.9 x°lger
3 Haemoglobin value 17.1 gmidl
4 Pack cells volume, PCV 51.7%
5 Mean cells volume, MCV 5.23 x TFlliter
6 Mean cells haemoglobin, MCH 1.73 x i pglliter
7 Mean cells haemoglobin concentration, MCHC 3.3mxglliter
8 Platelets count 886 x dlitre
" 4.12 422 4.16 4.07
3.1
2.8

g

=

o oc

2]

= mc

Day 1 Day 16 I Day 32 I Day 60
SESSIONS

Figure 1. Total White Blood Cells Count Versus Session Of Irradiation
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Figure 2: Percentage Of Lymphocytes Versus Session Of Irradiation.
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Figure 3: Percentage Of Neutrophils Versus Session Of Irradiation.
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Figure 4: Percentage of Eosinophils versus session of Irradiation.
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Figure5: Percentage of M onocytes versus session of Irradiation.
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Figure 6: Temperaturebefore T,( °C)and after T,( °C) Irradiation.
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4.1 Morphology Results

The whole white cells cytoplasm were not deformed there were few changes in the stained colour of
lymphocyte nucleus which instead of staining deefple, as seen in the®1session, it became paler
successively in which, at the last session (both) davas very pale as seen in irradiated E baftte granules
of neutrophils which showed pinkish in normal ontrol batch, were seen to degenerate in the cydoplaf
exposed, E batch, which at 60th day, the cytoplassalmost clear with just a few dust-like granutdswever,
the sizes of all cells were not affected, they weedl formed, and with intact nucleus, except fog pale purple
appearance of the nucleus of lymphocyte and disappee of granules in neutrophils which are sigaift
changes between th& dession and théth session progressively.

5.0 Discussions And I mplication Of Results

When electromagnetic radiation passes from oneuneth another, it can be reflected, refracted stnitted, or
absorbed, depending on the biological system agléncy of the radiation. Absorbed microwave ersrgan
be converted to other forms of energy to causefarence with the functioning of the Biological $m. This
research has demonstrated experimentally that ofpes of energy conversion are possible. Inteyastat the
microscopic level leading to perturbations in coaxpiacromolecular biological systems of cell membsaand
subcellular structures have been observed.

The rapid proliferation of mobile communication ®yes have cause the general population exposure to
microwave radiation, and the substantial increaseadiation levels is likely to be moving toward®gucing
electromagnetic pollution. The problem of this ar&ous radiation or pollution from mobile commutima
systems networks propagating over both short ang ftistances is that it may, in years to come, colve
whole globe. Experiments have shown that exposureotver densities of a few tens of mWfcto several
hundred of mW/crhdepending on the size of the absorber can be daumger worst, terminal. Microwave at
low level, long term exposure can induce effectshi@ nervous haematopoietic and immuno competdht ce
systems of animals. As the whole body is irradigtedpheral blood in veins, arteries and capilidee affected
by these radiations. Experiments carried out. is tesearch proved that the white blood cells dfected
thereby placing the body immune system at dangese she blood is constantly in motion.

5.1 Implication Of Results

The results of the research having exposed albime no a frequency of 2450MHz at a power density of
10mW/cnf in four sessions of experiment at thig 16", 32" and 68' day of exposure have shown a significant
response of the white blood cells to microwaveatln at low intensities.

Due to the general principle of interaction betwées microwave radiation and dielectric (water) ewoiles, it

is expected that the temperature should incredddd.was observed after every irradiation sessianing the
research. The temperature increased between rah@ez0.5°C whichcan cause micro thermal effect in cellular
and subcellular levels. Lai el (1984), explain that animals exposed to low intéesimicrowave, absorbed
energies can cause changes in the thermoregukattivjties of its system. Seaman and Wachtel (138dgest
that "biological systems alter their functions a®sult of change in temperature(f’C. Therefore, the change
in temperature of the irradiated E batch mice nhaste caused some genetic aberrations or disrugotvedent
bonds of DNA, causing it to misread the RNA (Ribcleic Acid) of haemopoietic stem.

The decrease in lymphocytes in the white cellsq@joof the irradiated mice, implies the mice arénerable to
lymphopenia, a condition of low or decrease codnymphocytes. Lymphocytes play an important raighe
immunological systems of all animals. It plays anportant role in acquired immunity, protecting tady from
"foreign substances, such as viruses and bactbeg, secrete specific antibodies which attach tledras to
offending antigen, thereby making it open for immwtestruction.

The exponential increased in the number of neutt®phirradiated mice can lead to neutrophilids tbondition,
can also be noticed in acute bacterial infections.

5.2 Implication of M or phology Discrepancies

The digressions in the morphology of stained whlted cells with Giemsa stain was observed in lyogytes
and neutrophils. The nucleus of lymphocytes inr@thanowsky stains appears deep-purple but as atiadi
days increased, the deep-purple colour startecedsicry to a pale-purple colour. This shows thaneseital
components of the nucleus acid fast receptors, baea disrupted by the microwave. It was evideat the
purple colour would likely disappear if exposureswaot discontinued. By implication, this can lead t
functionless cells; this is likely the bases ofashatin conformation in lymphocytes.

The gradual disappearance of granules in the @goplof neutrophils can be said to have also beesedaby
some genetic aberration in the haemapoietic stdls. dde granules of neutrophils are the immunigapon
use in fighting antigensyhen granules are reduced, it will have little oreffects on the attacking antigen. In
the study of the so called "mobile communicatidike" signals, the effects on blood of albino micadiated or
expose at frequency of 2450MHz at power intensity@mW/cnf show that, radiation of microwave is capable
of disrupting biological activities in biologicaystem.

The white blood cells mostly affected were the Iynopytes and neutrophils from the experiments, tieffeets
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will increase as irradiation continues, which Wkkely cause further and intense damage to theeaitod cells.
The results obtained are in line with the hypothdébat GSM radiations may affect the parametera/tife
blood cells and their morphological formations, ugb experimented with continuous wave and the GSM i
pulse wave but experiments have shown pulse micrevisa much more destructive to biological tissugnt
continuous microwave. If the decrease in lymphagitecrease in neutrophils and morphological dgjoescan
occur with continuous microwave, one would say thateffect would be more with pulse microwave.

6.0 Conclusion

It is difficult to deny that microwaves at low imsties can affect the white cells parameters aatphology in
animals. However, data available suggest a compagtion of white blood cells to microwave radiati@nd
the response is not likely to be linear with re¢gedntensity of the radiation. Other propertidsmcrowaves
exposure, such as frequency, duration of exposuaee form etc. are all important determinants @lidgical
responses. In order to understand the health effecticrowave radiation exposure on white bloodscetore
knowledge is needed on the interactivity of thdscat sub cellular level with low intensity dirgctfrom the
mobile phones and its base-station. The serviceiges should be aware that the public is placedagimtion
risk for their gain, therefore, they should avadid tmounting of base-stations in built-up areas asd their
employees should be given adequate medical atterititermittently. The regulatory bodhould be able to
formulate guidelines angbolicies that will check incessant mounting of GSMseantennas in urban
settlements and provide platform so that radiation from antennae will beecked intermittently by
microwave experts.
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