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Abstract 
 

The growth in the use of cellular phone has raised 

the concerns about the possible interaction between 

the electromagnetic fields (EMF) radiation and the 

biological effects on human tissues, particularly the 

brain and the human immune system. These concerns 

have induced a large volume of research studies. 

However, most of the previous review studies are 

concentrated on negative effects and no published 

work took in consideration all possible effects caused 

by the use of cell phones. In this paper we aim to 

provide review of some studies which investigated the 

possible negative and positive biological effects of cell 

phone radiation on human tissues. This review will 

provide answers for public concerns about the risk of 

using cell phone. Our conclusion shows that long-term 

exposure to EMF radiation from a cell phone could 

cause health effects, such as brain cancer. Some 

positive health effects due to the exposure to the EMF 

radiation such as improve bone healing and reduce 

toxic effects of chemotherapy are highlighted. Finally, 

some studies have also showed no effect due to 

exposure to EMF. More long-term studies and analysis 

are much needed  

 
1. Introduction 
 
The recent years have witnessed rapid worldwide 
growth in the use of cell phone and enormous attention 
about its effect on human health.  This effect has raised 
concerns about the public exposure to radiation emitted 
from cell phone and the possible interaction between 
the radio frequency (RF) electromagnetic radiation and 
the biological effects on human tissues, particularly the 
brain and the human immune system.  

Many research work provided evidences about the 
possible health effects such as; brain tumor, blood-
brain barrier (BBB) permeability function, sleep 
problems, cognitive function, DNA damage, immunity 
system function and stress reaction not to mention the  

increased incidence rate of traffic accidents due to the 
use of  mobile phone while driving. 

The risk of exposure to electromagnetic field was 
first highlighted and publicized in the late 1970s by 
Colorado study [2] that linked magnetic field exposure 
from power lines to the possible development of child 
leukemia. The amount of RF generated by cell phone is 
usually depends on the number of  base stations around 
the area, the cell phone network traffic, and on how far  
the cell phone from base stations. The amount of the 
power which sent from a base station could vary from 
cell phone to another one even within the same area, 
depends on the interfering from obstacles such as 
buildings and trees [3]. Although, cell phones are 
designed to operate   at power levels below a threshold 
for known thermal effects, radio frequency radiation 
could produce other kinds of effects, called biological 
effects. In Figure 1, we show a calculation of specific 
absorbed radiation (SAR) distribution in an anatomical 
model of human head positioned next to a 125 mW 
dipole antenna. The resulted Peak SAR is 9.5 W/kg 
over 1 mg which is a clear indication of the effect.  
 

 
Fig. 1. calculation of specific absorbed radiation (SAR) 

(USAF/AFRL). 
 

To solve the problem, many research projects are 
currently studying the effect of cell phone radiation on 
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human; however, there is an ongoing debate over 
human safety. Cell phone industry maintains there is no 
scientific evidence of harmful effects from 
electromagnetic radiation, while researchers show 
effect on cells after being exposed to electromagnetic 
fields. The cells showed a significant increase in DNA 
damage which could not always be repaired by the cell.   

In this paper we managed to review and 
summarized the major studies on the effect of cell 
phone radiation on human. We categorized these 
studies based on the effect on human.  Most of the 
previous studies concentrated more on negative effects 
and neglected the positive effects of cell phone 
radiation. Some cases show no effects are also 
discussed. 
 
2. Cell phone Effects 
 
Several effects have been reported due to exposure to 
long term EMF radiation from cell phones. These 
effects leaded us to divide the reported results into 
three major categories. These categories are as follows: 
 
2.1. Positive effects category 
 
From the literature, we found that many research 
studies have indicated positive effects to the exposure 
to the EMF radiation. However, we restricted our 
review on the state-of-the-art works which have 
massive experimental results. Some of these positive 
effects are the use of microwave therapy to reduce 
toxic effects of chemotherapy during the cancer 
treatment [4]. Satter, et al., [5] for instance has used 
EMF fields to improve bone healing. The study used 
low amplitude Pulsed EMF (PEMF) on 19 patients 
with non-union or delayed-union of the long bones. 
Electric voltage pulse of 0.3 mSec wide was used 
making a frequency of 80 Hz and magnetic fields were 
of 0.01 to 0.1 m Tesla. From 13 patients who 
completed the treatment period of 14 weeks, 11 of the 
13 patients had successful bone healing. Similar results 
by Johnson et al. [6], suggested that exposure to EMF 
improve bone healing.  Some effects of extremely low 
frequency electromagnetic fields (ELF-EMFs) on 
human spermatozoa were also reported by Iorio et al., 
[7]. In this particular study, significant mobility 
increase have been observed when spermatozoa were 
exposed to an ELF-EMF with a square waveform of 5 
mT amplitude and frequency of 50 Hz. The effects 
induced by ELF-EMF (50 Hz; 5 mT) during the first 3 
h of exposure persisted for 21 h after the end of the 
treatment. These results indicate that ELF-EMF 
exposure can improve spermatozoa motility and this 
effect depends on the field characteristics. Makar et al., 

[4], also investigated whether millimeter waves 
(MMWs) at 61.22 ± 0.2 GHz can reduce the effect of 
cyclophosphamide (CPA) and anti-cancer drug on the 
immune functions of mice. Antenna aperture (1.5 × 1.5 
cm) of MMW signal generator device produced 
61.22 ± 0.2 GHz wave radiation was used as exposure 
system and placed in front of each mouse’s nose. 
Specific Absorption Rate (SAR) of 885 ± 100 W/kg 
and 31 ± 5 mW/cm2 power densities were measured at 
the skin surface. Duration of the exposure was 30 min 
each day for 3 continuous days. The temperature 
increase at the end of 30 min was 1 °C.  CPA injection 
(100 mg/kg) was given on the second day of exposure 
to MMWs. MMW exposure caused up-regulation in 
tumor necrosis factor-alpha (TNF- ) production in 
peritoneal macrophages, also MMWs enhanced 
proliferative activity of T-cells. These results indicate 
that MMWs accelerate the recovery process on a T-
cell-mediated immune response. 

A recent study by Márquez-Gamiño et al., [8], has 
also indicated a significant thickness increase in 
cortical and trabecular in vivo stimulated bone tissues. 
In this case young adult rats were exposed to 1 Hz, 
30 mT pulsed magnetic fields. Ten female rats were 
exposed to the 30 min magnetic stimulation sessions 
for 20 consecutive days. The anterior and posterior 
cortical bone transverse thicknesses were measured. 
The magnetic stimulation system which approved for 
human therapy was used to generate pulsed EMF. 

 
2.2. Negative effects category 
 
Many of the cell phone effects studies have shown 
evidences of negative effects [14]-[15]. Hardell et 
al,[14], and Repacholi et al,.[15], reported risk of 
developing brain tumor due to the exposure to EMF 
radiation generated by  cell phone. One of the earlier 
studies by Salford et al., [16] confirmed that blood 
brain barrier function could be affected by cell phone 
radiation. Phillips et al.[17], reported DNA damage 
due to exposure to EMF radiation. Caprani et al., [18], 
has found that the environmental electromagnetic field 
significantly increases the thrombo-embolic risks in the 
endothelial cell line. Hirata et al., [19] discussed the 
correlation between peak SAR and maximum 
temperature increase is blood flow in tissues.  Togo et. 
al. [20] investigated Heart Rate Variability (HRV) in 
the very low-frequency (VLF) range (0.003-0.04 Hz) 
during deep sleep in good sleepers. He find very low-
frequency heart rate variability during deep sleep in 
humans.  Anderson et al., [21], measured maximum 
temperature rises on the side of the face after 6 min of 
continuous cell phone operation. His results suggested 
that direct RF heating of the skin only contributes a 
small part of the temperature rise due to heat 
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conduction from the handset. Jonna Wilén et al., [22] 
found Changes in HRV among RF plastic sealer 
operators. A recent work by Lena Hillert et 
al.[23]studied the effect of RF on self-reported 
symptoms and detection of fields after a prolonged 
exposure time. The results showed that headache was 
more commonly reported after RF exposure. Tracy 
Lightfoot et al., [25] found memory errors, cognitive 
function and mental health problems due to exposure to 
EMF [25]-[26]. Ching et al., [27] has confirmed 
decreases in skin resistance [28]. Other recent study by 
Aly et al. [28] has found significant changes in 
neutrophil behavior, which includes shrinking, rolling, 
and neutrophil speed increased by 50% under RF.   

More negative effects on blood brain barrier and 
DNA are discussed in the proceeding sections:   
 

2.3.1. Genotoxic, Blood Brain Barrier  (BBB), and 

immune system effects. Some research studies show 
association between cell phone radiation and cell 
changes including damage to chromosomes, alterations 
in the activity of certain genes and a boosted rate of 
cell division [29][30][31]. Salfordet al., have studied 
the effects of EMF radiation on the rat brain. He found 
that the exposure to MRI induced leakage of Evans 
Blue labeled proteins normally not passing the BBB of 
rats. The study exposed male and female Fischer of 344 
rats in a transverse electromagnetic transmission line 
chamber to microwaves of 915 MHz as continuous 
wave and SAR varied between 0.016 and 5 W/kg. All 
rates were sacrificed by perfusion-fixation of the brains 
under chloral hydrate anesthesia about 1 hour after the 
exposure. The brains were per fused with saline for 3-4 
minutes and thereafter fixed in 4% formaldehyde for 5-
6 minutes. The central coronal sections of the brains 
were dehydrated and embedded in paraffin and 
sectioned at 5 microns [16].  
 
2.3.2. DNA and cancer effects. Many research 
works have focused on the effect of cell phone on brain 
tumors. Hardell et al., [14] Muscat et al., [31] and 
Lightfoot et al, [24] found that exposures cause DNA 
damage and induce chromosome breaks. The study 
present the results of two case-control studies on 
benign brain tumors diagnosed during 1997-2003 
including answers from 1,254 cases and 2,162 controls. 
The study investigated the effects of analogue and 
digital cellular phones and results were as follows: for 
analogue phones, OR=1.3, 95% CI=0.99-1.7; for 
digital phones, analysis significantly increased risk of 
acoustic neuroma was found with the use of analogue 
phones. Muscat et al,[31] showed a statistically  
increased risk of acoustic neuroma due to exposure to 
EMF. In this case results were presented from a 

hospital based case–control study on acoustic neuroma 

including 90 patients and 86 control subjects with non-
malignant diseases. Cases used a cell phone on average 

for 4.1 years and controls for only 2.2 years. Use of 
cell phone for 1–2 years produced OR = 0.5 (95% CI 
0.2 to 1.3; n = 7), increasing to OR = 1.7 (0.5 to 5.1; n 
= 11), in the group with 3–6 years’ use. Another study 
by Christensenet al., [34], indicates that long-term cell 
phone use increases the risk of brain tumors. Randomly 
selected cases aged 20–69 years were identified as 
patient with glioma or meningioma during 2000–2002. 
Detailed information about cell phone use was 
collected from 371 (74%) glioma and 273 (85%) 
meningioma cases and 674 (71%) controls. For regular 
cell phone use, the odds ratio was 0.8 (95% confidence 
interval: 0.6, 1.0) for glioma and 0.7 (95% confidence 
interval: 0.5, 0.9) for meningioma.  A recent self study 
by Khurana et al., [33], an Australian neurosurgeon, 
shows evidence for a link between cell phone usage 
and certain brain tumors and this danger has far 
broader public health concerns than smoking. 
 
2.3. No effects category 
 
Despite the fact that many studies have reported 
negative effects of the cell phone radiation on human 
health, however some studies have also indicated no 
effects. one of the earlier studies reported was done by 
Myers et al., in 1990 [9] which  shows that ELF 
exposure has no effects.  Schüz et al., [10] draws a 
conclusion that the use of cell phone in his 
experimental work is not related to an increased risk of 
glioma or meningioma. A recent study by Zeni et al., in 
2008 [11] investigated the induction of genotoxic 
effects in human leukocytes. Peripheral blood from six 
healthy donors was used and, for each donor, 
intermittent exposures (6 min RF on, 2 h RF off) at the 
frequency of 1950 MHz were conducted at a specific 
absorption rate of 2.2 W/kg. The results indicated that 
intermittent exposures of human lymphocytes in 
different stages of cell cycle do not induce either an 
increase in micronucleated cells, or change in cell cycle 
kinetics. Moreover, indicate that repairable DNA 
damage was not induced. Other recent study by 
Kleinlogel et al., [12] also  investigated the effects of 
both types of EMF, 1950 MHz (0.1 and 1 W/kg) and 
pulsed 900 MHz (1 W/kg) on the behavioral 
parameters, reaction time in 15 healthy subjects. A 
double-blind, randomized, crossover application of the 
test procedure was used.  The results were also 
indicated no evidence for the effect of the EMF on 
normal healthy cell phone users. Another study by 
Silke Thomas et al., [13], indicates no link between 
EMF radiation and human health. In this particular 
study a random sample of 329 adults was assembled for 



 4978-1-4244-3397-1/08/$25.00 ©2008 IEEE 

the study. They obtained an exposure profile over 24 h 
for three cell phone frequency ranges (measurement 
interval 1 s, limit of determination 0.05 V/m). Data on 
five groups of chronic symptoms and potential 
confounders were assessed during an interview.  The 
study did not find any association between the 
exposure and acute symptoms chronic symptoms or 
between the exposure and chronic symptoms.  

 

3. Discussion 
 
Based on the literature analysis and review, most of the 
positive effect studies results were based on low 
numbers of case controls. The importance of some 
studies, such as; the study by Satter et al.,[5] was done 
on human patients, where, the rest of the studies used 
rats as a case control. Some of the advantages of other 
studies such as Makar et al.[4], is the use of microwave 
therapy to reduce toxic effects of chemotherapy during 
the cancer treatment. This is a good addition to 
chemotherapy treatments even if the mechanism of the 
radiation effect is unclear.  

On the other hand, many research studies indicate 
link between EMF radiation and negative biological 
effects. The conclusion on the risk, specially for brain 
tumors associated with the use of cell phone have been 
mostly with an insufficiently long latency period 
[18][17] , however, the studies showed a somewhat 
increase risk for shorter latency periods. Long term (10 
years or more) studies [14][32] showed a statistically 
significant increase risk on the exposure to EMF 
radiation. The study by Hardell et al., [14] indicated 
that significant increase of risk of DNA damage was 
found with the use of analogue phones and the analysis 
showed less risk with digital phones. Moreover, many 
studies indicated another biological effects such as; 
blood-brain barrier (BBB) permeability function [16], 
sleep problems [1], immunity system function [28]. 
The biological effects are uncertain as the biophysical 
mechanisms behind their occurrence are unknown.  
Finally, some research studies indicated no clear 
association was found between the exposure to the 
EMF radiation and biological effects.  

One of the important reasons for the work 
presented in this paper is to answer the question of 
whether the use of cell phone is harmful for users or 
not. However, the review presented in this paper has 
not entirely answered the question. More long term 
studies are needed. What we could conclude is that 
heavy cell phone could be under high risk of negative 
effects due to the exposure of EMF radiation. This 
conclusion indicate that caution is needed when using 
cell phones and more research is necessary for risk 
assessment based on higher number of long-term users.  

The review results also show that much of the 
current research available was conducted on healthy 
adults. It spells out the need for more information 
regarding the specific absorption rates for children, 
pregnant women and fetuses, which absorb radiation 
differently from adults. Because many of the original 
tests were also conducted with rod-like exterior 
antennas, the review notes that certain tests need to be 
redone now that many cell phones have internal 
antennas that expose different parts of the body to 
radiation. 

 
4. Conclusion and future work 
 

In this paper we reviewed and summarized some of the 
crucial research done to study the biological effect of 
cell phone radiation. The work was motivated by the 
fact that the public is concern about the danger of using 
cell phone. We categorized the existing work into three 
categories based on the effect pointed out by 
researchers. These effects are positive effect, negative 
effect and no effect. Some research studies have 
indicated some positive health effects due to the 
exposure to the EMF radiation, such as improve bone 
healing and reduce toxic effects of chemotherapy. 

Although, we have many evidence about the 
negative effect of the cell phone radiation on human 
health, but we still in need for more research work to 
confirm the evidence we have. Long-term experimental 
follow-up is much needed. Cancer for instance, needs 
time to develop the reason why only studies took over 
10 years were able to indicate link between cell phone 
and biological effects on human tissues, particularly the 
brain and the human immune system. It’s hard to reach 
a conclusion whether cell phone is harmful because 
most of the existing studies have not shown the same 
findings. And the effects may be very different 
depending on the type of electromagnetic radiation. 
GSM and GPRS (2.5G) phones for instance use pulsed 
radiation. In this case the levels rise and fall rapidly. 
3G phones on the other hand use continuous levels. 
Since the 3G phones are becoming very common, we 
are planning to make more deep studies focuses on the 
effect of 3G cell phones on human.  
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