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Abstract

Introduction

The continuous and rapid growth of telecommunication industries, along with the common application of
cell phones, hasraised debates on the associated risks for humanhealth due to exposure to radiofrequency
fields, caused bycell phonesorother sources, and industrial and medical applications. Accordingly, in this
study, we aimed to investigate the effects of cell phone radiation on BALB/c mice blood factors.

Materials and Methods

In this study, 48 BALB/c mice were divided into six groups, each consisting of eight animals. Fourexposure
groups were exposed to radiation waves twice a day for 30 min, 1 h, 2 h, and 4 h, respectivelyover one
month. On the other hand,one exposure group wasexposed to 900 and 1800 MHz radiations (2 W)for 4 h
once a day. Afterwards, the blood samples were taken from the heart, and blood factors including white
blood cell count, red blood cell count, platelet count, hemoglobin level, hematocrit level, MCH,
MCHC,neutrophil count, and lymphocyte count weremeasured and analyzed by SPSS version 15.

Results

Based on the findings, MCHC in the exposure groupreceiving 0.5 h of radiation and MCH in the exposure
groupsreceiving 0.5, 2, and 4 h of radiationwere significantlydifferentfromthe control group (P<0.05).
Conclusion

According to the results of the present study, it can be concluded that microwaves have significant effects on
the blood of mice. Therefore, it is suggested that further studies be conducted in this area to confirm the
findings.
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1. Introduction

The rapid growth of telecommunication
industries, along withthe common application
of cell phones, has raised debates on the
incidence of medical complications in humans.
Concerns about this issue stem from the fact
that new technologies are often made available
without providing the necessary background
information about their nature for the
public.Moreover, the possible harmful effects
on human health are not adequately discussed
in academic circles [1].

Considering the importance of this issue,in
1996,the World Health Organization (WHO)
in  collaboration with the International
Commission on Non-lonizing Radiation
Protection (ICNIRP) started an international
project on the effects of electromagnetic fields
for assessing the potential risks of these waves
for human health [1,2].

Most communication networks either work

with the Global System for Mobile
Communication (GSM) or Code Division
Multiple Access (CDMA), which

communicates with cell phones with a base
transceiver station (BTS) via transmission of
radiofrequency waves (RF)[1].Overall, the
spectrum of the electromagnetic field is
divided into two major categories: ionizing
and non-ionizing. Radio frequencies are a
subdivision  of  non-ionizing  radiation.
Moreover,  microwaveradiations are a
subdivision of radiofrequencies, while cell
phone radiations a sub-type of microwaves [1,
2].

Use of cell phones is steadily growing in
human communities, causing more concerns
regarding thepossible adverse effects of
electromagnetic waves radiated by cell phones
for public health [3-6,10-11].In fourreview
articles, studies focusing on the biological
effects of radiowaves and microwaves on
different phenomena (e.g., DNA structure,
chromosomal deviations, blood-brain barrier,
cancer, blood pressure, brain damage,
genetics, and response to  stress)were
summarized and discussed in detail [7,12-14].
With this background in mind, the aim of the
present study was to identify the effect of

cellphone  electromagnetic  radiation  on
peripheral blood parameters in small
laboratory mice.

2. Materials and Methods

In order to evaluate the effects of RF waves
from cellphones, 48 male BALB/c mice were
examined. The mice were housed in special
cages (washed and sterilized twice a week) in
an animal room at a temperature of 21+2°C
and relative humidity of 65-70%with a natural
light cycle. The animals had access to
sufficient food and water in glass bottles ad
libitum. They were exposed to radiation as
they started to weigh 30-35 g and turned 7-8
weeks old (age of puberty).

2.1.  Electromagnetic Radiation Exposure
A commercially available wireless cellphone
jammer (MBO06-Mobile Blocker) was used as
the microwave generator base, which
constantly emitted radiation at bandwidths of
930-960 and 1975-1980 MHz, respectively
(very close to 900 MHz and 1800 MHz for
CDMA and GSM, respectively). The cell
phone jammer emitted waves with the same
frequencies as those of cell phones and all the
bands in the cell phone network. The
maximum power of the device was applied at a
distance of 2 m.

In this study, the mice were randomly divided
into six groups(one control and five exposure
groups), each consisting of eight animals. The
characteristics and radiation mode applied in
each group are presented in Table 1. Each
group was maintained in a separate non-metal
cage. The horizontal polarization was
similar;therefore,cages in the exposure groups
were located at a 2 m distance from the device.
Five cages were radiated twice a day at 12 h
intervals, while one cage was radiated once a
day.

As presented in Table 1, radiation took place
once in the morning from 4:00 to 8:00a.m.and
once in the evening from 16:00 to 20:00 p.m.
for 30 consecutive days. At each stage of
radiation, the cages of the exposure groups
were removed from the electromagnetic
field,as shown in Table 1.
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Table 1. Characteristics of the study groups and duration of radiation over one month

Duration of Frequency of  Time of Time of radiation
Groups radiation (h)  radiation radiation in in the evening
within 24 h the morning

Control (0 h) - - - -

0.5 h of radiation twice a day (0.5x2h) 0.5 twice 4:00-4:30 16:00-16:30

1 h of radiation twice a day (1x2 h) 1 twice 4:00-5:00 16:00-17:00

2 h of radiation twice a day (2x2 h) 2 twice 4:00-6:00 16:00-18:00

4 h of radiation once a day (4x1 h) 4 once 4:00-8:00 -

4 h of radiation twice a day (4%2 h) 4 twice 4:00-8:00 16:00-20:00

Table 2.Mean values (mean+SD) of blood factors in the control and exposure groups after 30 days of cell phone wave

irradiation
0.5 hof 1 hof 2 hof 4 h of radiation 4 h of
radiation twice a radiation twice radiation twice once a day radiation twice
Blood factors Control day a day a day (4 h) a day
(0.5x2 h) (1x2 h) (2x2h) (4%x2 h)
White blood cell count
(WBC) (103 cell/uL) 3.70+£3.17 6.70+3.24 5.00+2.41 4,30+1.62 4.80+1.77 5.10+1.40
Red blood cell count
(RBC)(103 cell/uL) 6.80+1.86 7.20+£1.32 7.50+0.48 7.10+£1.30 7.10+1.14 6.80+1.13
Hemaoglobin level
(HGB)(g/dL) 9.60+3.03 11.90+1.93 11.70+0.78 11.10+2.12 10.90+1.56 11.00+1.57
Hematocrit level (HCT) 32.00+8.80 35.90+6.36 37.70+2.42 36.00+6.82 35.1045.51 35.0045.57
Mean corpuscular volume
(MCV))(fL) 49.00+2.11 50.00+1.56 50.10+1.40 50.90+2.71 49.30+1.60 51.30+2.70
Eﬁ%ﬂ’,\rl';’honuc'eame”tmp 2550:8.82  28.30#1533 301041400  39.40+1400  36.60+16.83  35.50+12.28
'(V'N‘I’I[‘l;’”“‘:'ear lymphocyte 7/ 504882 714041500  70.10+13.80  60.60+1370  63.40+16.84  64.50+12.30
f)'(altg's‘j:“_) count  (PLT) 951 00+165.80 375.006309.23  49130+44435 53040£385.06 280.00+217.73  591.40+57581
Mean corpuscular * * *
Hemoglobin (MCH)(pg) 14.10+2.00 16.60+1.30 15.50+0.43 15.70+0.85 15.30+0.53 16.20+0.89
mean corpuscular
hemoglobin concentration 28.90+4.70 33.20+2.30 31.00+1.16 30.90+0.41 31.10+1.11 31.50+1.10

(MCHC)(g/dL)

*Significant difference between the data at P<0.05

After the cell phone jammer was turned on and
enough radiation was exposed, the animals
were returned to their safe normal place of
living. Environmental conditions of the
experiment room resembled those of the
animal room.

By the end of irradiation, all BALB/c mice
were anesthetized with ether and the required
blood for hematology was prepared by taking
blood directly from the heart. Then, eight
blood factors, including white blood cell count
(WBC), red blood cell count (RBC), platelet
count (PLT), hemoglobin (HGB) level,
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hematocrit (HCT) level, mean corpuscular
volume (MCV), mean corpuscular hemoglobin
(MCH), and mean corpuscular hemoglobin
concentration (MCHC) were assessed, using a
CBC(complete blood count) device at
GhaemHospital, Mashhad, Iran.

By using the prepared peripheral blood slides,
neutrophil count and lymphocyte count were
determined with a microscope by the expertsat
Ghaem Hospitalhematology laboratory. The
collected data were analyzed, using SPSS
version 15. Normal distribution of blood
factors was quantitatively confirmed by
Kolmogorov-Smirnov test. Therefore, one-
way analysis of variance and Tukey's test were
used to compare the groups.

3. Results

Among 10 evaluated blood factors, the results
showed that only MCHC in the exposure group
receiving 0.5 h of radiation and MCH in
exposure groups receiving 0.5, 2, and 4 h of
radiation weresignificantly differentfrom the
control group (P<0.05). In other words, a
significant difference was observed in MCH and
MCHC levels between the control group and
some radiation exposure groups (Table 2).

4. Discussion

The present study aimed to investigate the
effects of cell phone waves on different blood
factors. In this study, 10 blood factors in male
adult BALB/c mice were assessed after a
month  of exposure to cell phone
electromagnetic waves. After the exposure, a
significant difference was observed in MCH
and MCHC, compared to the control group.
MCH in exposure groups receiving radiation
for 0.5, 2, and 4 h and MCHC in the exposure
group receiving radiation for 0.5 h
significantly increased in comparison with the
control group.

Some previous studies have also investigated
the  possible  effects of  cellphone
electromagnetic waves on blood factors. In
this regard, similar to the present study, Abdel-
Aziz (2010) investigated the use of vitamin C
and E for reducing the potential effect of a 900

MHz electromagnetic wave (for 8 h over two
weeks) on 10 blood factors in rats.Rats which
had not used any vitamins (vitamin C and
E)experienced no significant change in MCH,
MCHC, or PLT. The discrepancy between the
findings could be attributed tothe irradiation
method or type of the assessed animals [15].

In a study by Baharara et al. (2009), the effect
of cell phone waves on the hematopoietic
system of immature BALB/c mice was
studied. The results showed that cell phone
electromagnetic radiation to the hematopoietic
system of immature male mice (one month
old) over 15 days (30 min daily) had no effects
on blood factors. However, histological studies
of the liver, spleen, and bone marrow indicated
a significant impact, which was in agreement
with the results of the presents study in terms
of most blood factors.Overall, the discrepancy
between the reported results could be
attributed to the use of mature mice [16].

The results of a previous study on blood
factors in immaturerats under microwaves
indicated significant changes, which were
more pronounced in immature rats, compared
to mature ones [17]. Moreover, Singh et
al.evaluated the  harmful  effect of
electromagnetic radiation emitted from video
display units on RBC of Swiss albino mice up
to 56 days. The results showed blood smear,
morphology, scanning electron micrograph of
RBC, RBC count, and hemoglobin
concentration were reduced up to day 42 after
exposure[18].

In contrast with the results of the present
research, in a study in 2011 in Iran, the effect
of 950 MHz cellphone electromagnetic wave
(power of 3-6 W for 2 h per day for a period of
two weeks)on blood factors was investigated
in twogroups of rabbits. The results showed a
significant decline in lymphocyte count in both
groups, compared to the control group. PLT
count in the test group receiving 3 Wradiations
reduced, while the count increased in the
group receivingé W waves. These results were
inconsistent with the findings of the present
study (1 h of radiation twice a day). Such a
difference could be due to the type of
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evaluated samples, differences in intensity,
and radiation methods [19].

In a study in 2012, the effect of
electromagnetic radiation from a GSM
communication network for one month on
seven blood factors was investigated in four
generations of rats. The findings showed that
in allfourgenerations, MCV, MCH, and MCHC
did not significantly change, compared to the
control group. However, in terms offour
factors including RBC, PCV, PLT, and WBC,
there was a significant increase in some
ratgenerations. In the first generation of rats,
blood factors including packed cell volume
(PVC), RBC, and WBC increased. These
results were in conflict with the present
findings, which might be due to the variation
in the duration of irradiation [20].

In a previousstudy, rats in two test groups
were placed under 900 and 1800 MHz
electromagnetic radiation for 12 weeks (7 h
daily), respectively. Measurement of blood
factors between the fourth andtwelfth weeks
showed that irradiation did not significantly
affect the blood factors between the fourth and
the sixth weeks; these findings were in
agreement with the present results. However,
after longer irradiation between the sixth and
twelfth weeks, a significant difference was
observed in the two test groups
regardingMCV, HGB, WBC, and MCH,
which is incompatible with the results of the
present study due to the difference in
irradiation duration [21].

In a previous study, electromagnetic radiation
from GSM cell phoneswithin90 and 180 days
showed a significant increase in RBC, WBC,
PLC, and MVC, whereas no change was
observed in MCH or MCHC after three
months of irradiation. However, after six
months of irradiation, a significant decline was
observed in these factors. Changes in MCH
and MCHC depend on the duration of
irradiation and are in line with MCH and
MCHC changes in the present study in some
durations of irradiation [22].

Since the human body is incessantly exposed
to radiation from various sources, further
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research is required in this area. The present
results did not provide strong evidence on the
presence of a meaningful difference between
constant and interrupted (fragmentized)
radiations by cell phones for 4 h. This could
imply that cellular compensatory mechanism
does not act effectually to compensate for the
destruction caused by interrupted cellphone
waves. In comparisons made between constant
and interrupted radiations, in spite of adequate
time, the compensatory mechanisms did not
strongly treat damaged cells when radiation
was interrupted.

Previous studies and observations reveal that
cell phone electromagnetic waves are
dependent on physical (frequency, power, rate,
and duration of irradiation) and biological
conditions (tissue, cell, age, and site of blood
sampling) [23]. These waves can produce
various biological effects. However, it seems
that no consensus has been reached on the
safety or possible harms of RF irradiation due
to cell phones, while occurrence of biological
reactions following RF irradiation could
indicate that these waves might be hazardous.
Therefore, unnecessary and indiscriminate use
of cellphones cannot be entirely risk-free;
accordingly, enhanced public awareness is
highly recommended.

In the present study, whole body exposure of
adultBALB/cmice to electromagnetic
irradiation from antennas and cellphone sets
(cellphone electromagnetic waves are designed
according to physical conditions) could
slightly though adversely affect blood factors,
depending on the duration of irradiation.

The installed power of background radiation
depends on the number of BTS antennas and
the distance from them. According to the
literature, the power of background radiation
ranges from 0.1 uW/m? to 9 W/m? [24]. Since
the human body is constantly under the
exposure of radiation by station antennas 24 h
a day, further research is recommended to
probe into longer durations of irradiation while
considering different physical and biological
conditions.
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5. Conclusion

According to the results of the present study, it
can be concluded that microwaves have
significant effects on the blood of mice.
Therefore, it is suggested that further studies
be conducted in this area to confirm the
findings.
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