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ABSTRACT

This study focuses on the effect of EMR emitted by cell phone towers on some of the dependent variables, such as
tympanic temperature (T), blood oxygen saturation (SPO,%), heart pulserate (HPR), systolic blood pressure (SBP)
and diastolic blood pressure (DBP).

The sampleis 136 employees of both genders (56 female, 80 male), with mean age 40 Y'rs., and the mean duration of
employment 14 Y'rs., were randomly chosen asa sampleto reach the desired objective. This samplewastaken from
two municipalitiesin Nablus and Jenin cities. The values of power flux density were52.58 pW/m? and 31.76 pW/m?
in Nablusand Jenin municipalitiesrespectively. The electric field and the magnetic field valueswere cal culated from
the measured power flux density, which were less than the standard levels for exposure to EMR of cell phone
towers.

The measurements of tympanic temperature, blood oxygen saturation, heart pulse rate and arterial blood pressure
of the selected employees were measured before and after exposure to signals of cell phone towers. This study
showsthat the health effects of signals of cell phone towersis remaining within the normal range and international
standards.

The statistical results showed that Pearson correlation coefficient (R) between power flux density and the depen-

dent variablesare varying from 0.294 to 0.657, and the probabilities (P) are < 0.05 for all health factors.
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INTRODUCTION

The last three decades have witnessed a rapid
growthinvariousareasof technol ogy has been noticed
especidly inwirdesscommunications, whichhad alarge
roleinfacilitating human life. The most important as-
pect of thisdevelopment istheevol ution of cdlular net-
works, which are designed to service cell phones. Al-
most everyone hasamobile phonenowadays. Theneed
for the use of mobile phonesincreasesdaily with popu-
lation growth, thisled to increasetowers mobileson
theroofsof buildings. The proliferation of usehasnot
been tempered with health concerns, rather on the

technica developmentinthisarea.

The International Agency for Research on Cancer
(IARC), theWorld Health Organi zation (WHO), and
Occupationd Safety and HedlthAdminigtration (OSHA)
classfiedthecell phoneradiatiionsasapotentia cause
of cancer for humang?.

Thelack of information about the exposure effect
of thesgndsof cdl phonesin Pdestineisthemanmo-
tivation for thisstudy. The power flux density wasmee-
sured, tofind out itsimpact on some of thevariables of
thehumans.

Previousstudies
The spread of concerns between the peoplefrom
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theeffectsof mobileradiation on human hed thismoti-
vation for researchersin several countriesto discuss
the potential effectsof exposureto radiationfrom cell
phonesand their towers.

Severa studies have shown aclear relationship
between different kinds of the cancer and mobile phone
use. These Studieshave shown anincreaseintherisk
of gliomaand acoustic neuromaswith theuseof mobile
phones, alsoincreasestherisk of malignant braintu-
morg3. Adilzafound that the peoplewholivenear 500m
fromthecel phonetowersareat risk of neoplasiacan-
cerl®,

Nervous system studieshave shown that the people
who livenear towershave suffered frommigraine heed-
aches, fedingtired, leep disturbance, irritability, de-
pression, memory loss, dizziness, loss of libido, and
Alzheimer’s diseasel.

A study showed aclear increasein thetemperature
of the head influenced radiation 250 millwatts (mW)
and 900 MHz frequency, so the temperaturein skin
wasincreased 1.6°C, Another study found asignifi-
cantincreaseinthe percentage of calciumiong®.

Theéffectsof thesignasof cdl phoneonthecircu-
latory system show that red blood cells(RBC) and white
blood cells(WBC) are broken after exposed phone’s
signag”. Another study showed that wasan increase
inWBC, but it wasadecreasein RBC'®. Infantsand
newbornswere suffered fromincreasein heart pulse
rate (HPR) and reduction in brain volume®.

Arunashowed that mobile phone serving global
systemfor mobile(GSM) hasthelargest effect onbrain
compared to mobile phone serving codedivision mul-
tipleaccesses(CDMA)9, Ala’a Aldine in his research
found that the sources of radiation pollutionintheWest
Bank, including FM radio, TV broadcasting and cell
phone base stations. FM radio contributesthe largest
part of thedosethat the personnel areexposeditinthe
West Bank!Y,

Al-Fageeh sudied theeffect of theEMR from high
voltagetransformerson student’s health in Hebron dis-
trict. Shefound that themeasured v uesof power flux
dengity werewithin dight concernlimit. Inaddition, there
wasincreasingintympanictemperature, heart pulserate,
arterial blood pressure, on the other hand the blood
oxygen saturation was decreased*Z.
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Theoretical

Electromagneticfidd (EMF) of thedectricfiddand
themagneticfield; itisaphysica output of dectrically
charged objects. EMF spreadsaround the sourceinal
directions, extendstoinfinity. Theedectricfield strength

() andthemagneticfield strength (') arerelated by
the Poynting vector (7)™
P=ExH

The Poynting vector iscalled power flux density
measured in W/m?. Thefollowing formulausedto cd-
culatedectricfried, assumingg theintrinscimpedance
taken to be 377Q2.

P= E™2y

The permissible exposurelimitsof electricfield
strength, magneticfield strength, and power flux den-
sity for the cell phone towers operating at 935 MHz
aregiveninTABLE 1.

TABLE 1: Thepermissibleexposurelimitsof electricfield
strength, magneticfield strength and power flux density for
thecell phonetower soperating at 935 M Hz 141119,

E-field strength H-field strength  Power flux density
(V/m) (A/m) (W/m?)
42.04 0.11 4.68

SpecificAbsorption Rate (SAR) isameasure of
therateat which energy isabsorbed by the body when
exposed toradio frequency (RF) electromagneticfield.
Itisdefined asthe power absorbed per mass of tissue
and has unitsof watts per kilogram (W/kg). SAR val-
ues are calcul ated by using thefollowing formulafor
each tissue!;

oE*
SAR = —
20

TheFederal Communications Commission (FCC)
in United States of America(USA) suggeststhat 1.6
W/Kgisthemaximum level of SAR. Whilethe Euro-
pean Union Council and the International Commission
on Non-lonizing Radiation Protection (ICNIRP) in
Europe suggestsitsvaluefrom 0.0to 2.0 W/K gi*™.

Cdlular Network

Wirelesscommunicationisbased onthecelular
network. The cellular network isbased on following:
mobile phonetechnol ogy, mobile phonetowersand Cell
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TABLE 2: Averagevaluesof power flux density (P), dectricfieldsstrength (E), and magneticfieldsstrength (H)

M easur ed and calcul ated values

Nablus municipality

Jenin Municipality

P (W/m?)measured
E (V/m)calculated
H (A/m)cal culated

52.58x10® 31.76x10°
140.79x107 109.42x107
0.37x10°3 0.29x10°3

phones.

In Palestine, the cell phone companiesusethe 900
MHz bandin GSM digital technology. The 900 MHz
band isdivided into two regions*®: The uplink band
(890 MHz to 915 MHZz) which is used by the cell
phones, and thedownlink band (935 MHzto 960 MHz)
whichisused by cell phonetowers. Lattice, monopole
and guyed towers are types of towersused in Pales-
tine. Thecell phonestake different shapesand sizes.
The most importantly, they differ inthe SAR values.

RESULT

Thedistancefrom towersto both municipalities of
Nablusand Jenin, is 70 m and 50 m respectively. The
samplewas applied on 136 employees, 80 maleand
56 femal e, with agesbetween 25to 60 years. The heart
diseases and blood vessel s diseaseswerethemost im-
portant factorsthat led to the exclusion of someem-
ployees, so the health problem employees were ne-
glected.

Spectran RF 6080 was used to measurethe power
flux dengity. Themeasured va ues of power flux density
wereusedto caculatethedectricfid ds, magneticfields,
and SAR valuesfor some organsof human body; these
vauesareshownin TABLE 2and TABLE 3.

Diastolic blood pressure (DBP), systolic blood
pressure (SBP), heart pulserate (HPR), blood oxygen
saturation (SPO,%) and tympanic temperature were
measured threetimesat (8:15— 8:45) a.m. before (b)
exposureto thesigna sof phonetowers, and themea-
surement was repeated at (13:15- 13:45) p.m. after
(a)exposureto thesignasof phonetowers.

Themeasurementsof heart pulserate, systolicblood
pressure and diastolic blood pressure were taken by
usingAutomatic Blood Pressure Monitor. Theeffect of
thesignalsof cell phonetowersontheheart pulserate,
systolic blood pressure and diastolic blood pressure of
employeesinNablusand Jeninmunicipaitiesareshown
inFigures. (1-3).

TABLE 3: Thecalculated valuesof SAR for someor gansof
the employees in Nablus (SAR,) and Jenin (SAR))
municipalities

Organs SARy (W/KQ) SAR; (W/KQ)
Cerebellum 12.21x10° 7.38x10°
eyesclera 10.57x10® 6.38x10°
Muscle 9.03x10® 5.46x10°

10 B HPR)/HPRb }%, female(a{
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Figure 1 : The percentage changes of heart pulse rate of
femaleand maleemployeesin Nablusand Jenin municipalities
after (a) exposurethesignalsof cell phonetowers

HPR)/HPRb }% , male(A{

A (HPR) /HPR , %

m SBP)/SBPb }% , female(A 1 SBP)/SBPb }% , male(a{

8
6
4
2
0

Figure2: Theper centage changesof systolic blood pressure
of female and male employees in Nablus and Jenin
municipalitiesafter (a) exposuretothesignalsof cell phone
towers

A (SBP) /SBPy, %

Blood oxygen saturation was measured for each
employeeinboth municipditiesby usng Pulse Oxime-
ter LM-800. Theeffect of thesignalsof phonetowers
on theblood oxygen saturation of employeesin Nablus
and JeninmunicipditiesareshowninFigure4.

Ear Thermometersisadevice was used to mea-
surethetympanic temperature of employees. The ef-
fect of thesignad sof phonetowersonthetympanictem-
perature of employeesin Nablusand Jenin municipai-
tiesareshowninFigureb.
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Figure3: Thepercentage changesof diastalic blood pressure
of female and male employees in Nablus and Jenin
municipalitiesafter (a) exposuretothesignalsof cell phone
towers
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Figure4: Thepercentage changesof blood oxygen saturation
of female and male employees in Nablus and Jenin
municipalitiesafter (a) exposuretothesignalsof cell phone
towers
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Analysis

Microsoft Excdl and SPSS programswereused to
analyzedata. Pearson correl ation coefficient (R) and
the Probability (P) were used to measure the strength
correlation between power flux density and the depen-
dent variables, beforeand after sgna sfrom phonetow-
es. If Rvaluesinrange0.40d” R d” 0.59, so there is
moderate correlation, but if R inrange0.60 d” R d”
0.79, sothereisstrong correlation™®. TheP-valueless
than 0.050 meansthereissignificant relationship be-
tween two variables?. Thefollowing TABLE 4 shows
Person correl ation coefficient (R) and the probability

2.5 W T)/Tb} %, female( A{ T)/Th} %

Figure5: The per centage changesof tympanic temperature
of female and male employees in Nablus and Jenin
municipalitiesafter (a) exposuretothesignalsof cell phone
towers

, male( A{

A(T)/TbA

(P) between power flux density and dependent vari-
ables.

DISCUSSION

Themeasured power flux density in Nablus mu-
nicipality was52.58 pW/m?, whilethe measured value
inJeninmunicipaity was31.76 yW/m?. Thisdifference
isdueto that the distance between cell phonetowers
and Nablusmunicipality (70 m) ismorethanthedis-
tancefrom Jenin municipaity (50 m); thisincrement is
applicable between 50 m and 300 m?4. Comparing
thesetwo valueswith internationa standard indicates
that both va uesarelessthan thepermissiblelimit which
is4.68 W/m? for cell phone towers working at 935
MHZ™S.,

Theresultsof the measurementsindicatethat the
net changes of the tympanic temperature, blood oxy-
gen saturation, heart pulserate, diastolic blood pres-
sure, and systolic blood pressure areincreased for se-
lected employees, after they are exposureto signals of
phonetowers. The Pearson correlation coefficient (R)
isranged from 0.312t0 0.657 and P-valuesis < 0.05.
R and Pvaluesindicate that is significant correlation

TABLE 4: Person correlation coefficient (R) and theprobability (P) for femalesand malesin Nablusand Jenin municipalities

Probability (P)

Correlation Pear son (R)

Nablus municipality Jenin municipality Nablus municipality Jenin municipality

Males females males Females males females males females Paired variables
0006 0022 0014 0173 0405 0337 0411 0468 P (uW/m?andT “C)

0017 0047 0016 0039 0355 0294 0403 0657 P (uW/m? and SPO, %

0.019 0.010 0.002 0.044 0.348 0.377 0.505 0.645 P (uW/m2) and HPR beats/min
0.037 0.006 0.038 0.049 0.312 0.401 0.351 0634 P (pW/mZ) and DBP mmHg
0.007 0.001 0.011 0.042 0.394 0.477 0.423 0649 P (pW/mZ) and SBP mmHg
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between power flux dendity and anincreaseindl stud-
ied variables of employees after exposure to phone
tower Sgnals.

This study agrees with the study conducted by
Ibrahim, who wasfound theincrease of thetempera-
turein skinis 1.6°CP, This study also, supportsthe
result of Abdel Aziz’s study, who was found a signifi-
cant decreaseinred blood cells (RBC), so the blood
oxygen saturation was decreased®. Furthermore, agree
with that theinfants and newbornswere suffered from
increasein heart pulserate (HPR)®. However, there-
sultsof thisstudy arein agreement with astudy by El-
Bediwi. Hefound asignificant change on blood com-
ponentsand itsviscosity which effectsonablood cir-
culation dueto many body problems™.

CONCLUSIONAND RECOMMENDATIONS

Asaconclusion, when human beingisexposed to
power flux density of cell phonetowers, the body ab-
sorbsEMR. Theincrement in the percentage changes
of thetympanictemperature, blood oxygen saturation,
heart pulserate, and blood pressure(systolic and dias-
tolic) indicatethat therisk of exposureto EMR increases
inthelongterm. Thisincrement isremainingwithinthe
normal rangeand internationa standards.

Department of Healthin themunicipalitiesshould
be measurethe power flux dengity of cell phonetowers
regularly, to maintain the safety and health of itsem-
ployees. More scientific research should befocused on
thisfiddtogain moreingght of EMR hedlth effectsand
themeansfor better and safer humanlife.
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