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Abstract

A health survey was carried out in Mircia, Spain, in the
vicinity of a Cellular Phone Base Station working in DCS-
1800 MHz. This survey contained health itens related to
“mi crowave sickness” or “RF syndronme.” The m crowave
power density was neasured at the respondents' hones.
Statistical analysis showed significant correl ati on between
the declared severity of the synptons and the neasured
power density. The separation of respondents into two

di fferent exposure groups al so showed an increase of the
decl ared severity in the group with the higher exposure.

Keywor ds
Public health, Cellular phone, Base stations, M crowave
si ckness

| nt r oducti on

The hypot hesis that radiofrequency (RF) exposure m ght
produce heal th damage has been anal yzed mainly from several
epi dem ol ogi cal studies. Insomia, cancer, |eukema in
children, and brain tunors are the clinical entities nore
frequently described (Dolk et al., 1997; Hocking et al.
1996; Maskarinec et al., 1994; M nder and Pfluger, 2001;
Selvin et al., 1992). Moreover, the clinical consequences
of bei ng exposed to m crowave radiation such as radar has
been evaluated frommlitary and occupati onal studies
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(Bal ode, 1996; Garaj-Vrhovac, 1999; Goldsmith, 1997;
Johnson- Li akouris, 1998; Robinette et al., 1980).

A specific synptomatol ogy, linked to radar exposure at | ow
| evel s of RF, has been terned “ microwave sickness” or

“RF syndrone. ” (Johnson-Liakouris, 1998) Wth few
exceptions, functional disturbances of the central nervous
system have been typically described as a kind of radi onave
si ckness, neurasthenic or asthenic syndrone. Synptons and
signs include headache, fatigue, irritability, |oss of
appetite, sleepiness, difficulties in concentration or
menory, depression, and enotional instability. This
clinical syndrome is generally reversible if RF exposure is
di sconti nued.

Anot her frequently described manifestation is a set of

| abi | e functional cardiovascul ar changes i ncl udi ng
bradycardi a, arterial hypertension, or hypotension
(Johnson- Li akouris, 1998). This form of neurocircul atory
asthenia is also attributed to nervous system i nfl uence.
More serious but |ess frequent neurol ogic or

neur opsychi atric di sturbances have occasional ly been
descri bed as a di encephalic syndrone (Johnson-Liakouris,
1998). Al these disturbances followng | ow | evel exposures
(of the order of mcrowatts/cm) have been reported for
many years from Eastern Europe. The exposures have been
mainly low | evel and long term (Goldsmth, 1997; Johnson-
Li akouris, 1998).

Al so, several articles have found biol ogical dysfunction at
very |l ow density of radiation without tenperature

el evation, favoring the hypothesis of nonthermal biological
effects and pointing to the probability of clinica
dysfunction bel ow the actual standard of safety norns in

t he European Union (Arber and Lin, 1985; Baranski, 1972;
Byus et al., 1988; Daniells et al., 1998; de Ponerai et
al ., 2000; DInzeo et al., 1988; Dutta et al., 1989; Kues
et al., 1992; Lai and Singh, 1995-1997; Lai et al., 1984,
1989; Malyapa et al., 1998; Sanders et al., 1985; Sarkar et
al ., 1994; Stagg et al., 1997; Wachtel et al., 1975).

Low | evel s of RF are found around the GSM DCS cel | ul ar
phone Base Stations (BS), where antennas are usually

| ocated on the roofs or in the top of tall towers. GSM DCS
cel l ul ar phones use pul sed nmi crowaves. These signals have a
spectral simlarity to radar signals. The spectral power

di stribution of pulsed signals includes |ow frequency

har noni cs. Typical pulse duration tinme ranges from 100 nsec
to 0.050 psec in radar, and 576.9 psec for each slot of

GSM DCS

Fromthis point of view, the hypothesis of a “ m crowave

si ckness” in the nei ghborhood of the GSM DCS Base Stations
is analyzed in this study. The present analysis tries to
evaluate if there is sone statistical justification to the
conpl aints and rel ated dysfunction | ocally associated with
RF exposure fromthe GSM DCS Base Stations, as has been
found in previous studies (Santini et al., 2001, 2002a&b).
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Materials and Met hod

A local team specially trained for this work, delivered
the questionnaires in La Nora, a town of Miurcia in Spain
during January 2001. This was always introduced to
respondents as a part of a study to evaluate the inpact on
the area of the cellular phone Base Stations (GSMDCS). In
general, the people were quite prepared to cooperate (the
ratio of returned to delivered was about 70% . The
guestionnaire was a Spani sh | anguage adaptation of the
Santini publication (Santini et al., 2001). This was
conposed of 25 different itenms nmainly concerning health

i nformati on about the respondents.

The respondents scored and narked fromO to 3 the presence
of the suffered health dysfunction: 0 never, 1 sonetines, 2
often, 3 very often.

The asked synptons were those described in earlier studies
of the m crowave syndrone: fatigue, irritability, headache,
nausea, appetite |loss, insomia, depression, disconfort,
difficulty in concentration, nenory |oss, skin alterations,
vi sual dysfunction, auditory dysfunction, dizziness, gait
difficulty, and cardi ovascul ar alterations.

Questions included denographi c data: address, sex, and age,
di stance to the antennas (distance in neters to the Base
Station), exposure tinme in days/weeks, hours/days, and tine
fromthe begi nning of the em ssions. The questionnaire al so
coll ected informati on about proximty to power |ines, and

t he use of personal conputer and cellul ar phone.

More than 5% of the popul ation of La Nora (around 1900
habi t ants) answered the questionnaire. Questionnaires from
people with a history of deep psychol ogi cal or neurol ogi cal
di sease were excluded. Finally, 101 surveys were consi dered
val i d.

The survey was supplenented with electric field

nmeasur enents, conducted February 24, 2001, and March 10,
2001 (Saturday). Measurenments were carried out from 11: 00
hr to 19:00 hr each day, in the bedroons of each
respondent. More neasurenents were carried out in the
streets during working days and weekends, to check the
possible variability in time of the neasurenents. The
nmeasurenents were individually added to the survey of each
respondent .

A portabl e broadband (1 MHz—-3 GHz) electric field neter
(EFM was used. The EFM was hand-oriented in order to
nmeasure the maximumfield strength above the bed. The
electric field in each room presented a standi ng wave
pattern because of reflection of the waves fromthe walls
and netallic structures such as wi ndows and netallic
furniture. Therefore the EFMwas held around 1 mfromthe
wal I's, 1.2 m above the ground, and was noved around a
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circle of 25 cmof radius, orienting the antenna to get the
maxi mum el ectric field strength.

The EFM was calibrated in the anechoi c chanmber of the
University of Valencia with a standard nmeasurenent set-up
usi ng a network anal yzer HP-8510C.

To check the intensity of TV and radi o channels, as well as
t he nunber of working channels of the GSM DCS BS,
nmeasurenents of the spectral power density were carried out
with a probe antenna and a portable spectrum anal yzer.

The TV and radi o channels nmaintained their intensities
during the measurenents, but the cellular phone channels
presented dramatic differences in anplitude from channel to
channel, some of them going on and off the air at random
times.

The probe was nounted on a linen phenolic tripod about 1.2
m above the ground. The | ocation of the probe was the sane
on both days, on a hill next to the town, 20 mfromthe BS.
Wth the spectrum anal yzer we scanned the GSM and DCS
bands, at the begi nning of the journey, taking the average
over a period of 6 min. The neasurenent of the spectrum was
simlar on both days, having a difference in the peak
estimation (carriers of the channels) of about 1 dB.

Results

The respondents were 47% nal e and 53% female, with a w de
age range: 15-25 years (22%, 26-35 years (22%, 36-45
years (19%, 46-55 years (11%, 56-65 years (13%, and over
65 years (13%.

The exposure tinme, explained as the tine spent in the
vicinity of the BS, was nore than 6 hr per day, 7 days a
week, for 95% of the respondents. The bedroom was where the
electric field was neasured.

Concerning the attitude of the respondents about the use of
cel lul ar phone: 24% of them decl ared thensel ves to be
active users of nobile GSM DCS phone for nore than 20 mn
per day.

The nmeasurenments were very | ow conpared w th European
safety gui delines 1999/519/ EC DOCE 30/ 7/99 (1999/519/EC.).
Actually the levels were |ower than 0.2 pWcni. The Spani sh
| egi sl ation established a maximum linmit of 450 uyWenf at a
single frequency (900 MHz), the sane as the European safety
gui del i nes 1999/519/ EC DOCE 30/ 7/99. This is one of the
characteristics of the present work: the low | evels of RF
exposur es.

We divided the surveys into two groups: One group with high
exposure, averaging 0.11 pWcnf, consisted of 47
respondents. These respondents declared thensel ves to be
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living |l ess than 150 mfromthe BS. The second group, wth
an average exposure of 0.01 uWecenf, were at a di stance
greater than 250 m

Al t hough both groups were obviously at different distances
fromthe BS, there was still the risk of a distance
perception that could influence the survey.

Table 1 shows the average declared severity in both groups.

Table 1. Average Severity of the Reported Synptons in
Two G oups Having Different Exposure: H gher Exposure
with Average Power Density 0.11 puWecenf (Di stance < 150
nts), and Lower Exposure with Average Power Density
0.01 puWenf (Distance > 250 nts).

P val ue
Respondent s N = 54 N = 47
ﬁ‘éﬁgf‘?g P ont 0.11 + 0.19 0.01 + 0.04 < 0.001
. >
D stance to BS (10<7 115057m”) (284 215024”‘”) < 0.001
Aver age val ue Aver age val ue
of of
reported reported
severity severity
Fati gue 1.11 + 1.13 0.74 = 1.07 n.s.
Irritability 1.56 + 1.08 1.04 £ 1.02 < 0.05
Headache 2.17 £ 0.86 1.53 £ 1.00 < 0.001
Nausea 0.93 £ 0.99 0.53 + 0.88 < 0.05
Appetite | oss 0.96 + 1.03 0.55 + 0.88 < 0.05
Di sconfort 1.41 £+ 1.11 0.87 =+ 0.97 < 0.02
Gait difficulty 0.68 £ 0.93 0.94 = 1.07 n.s.
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ASTHENI C symptons 8.81 + 4.79 6.21 £+ 5.33 < 0.02
Sl eep disturbance 1.94 + 0.92 1.28 + 1.10 < 0.01
Depr essi on 1.30 £ 1.19 0.74 £ 1.01 < 0.02
Difficulty in
concentrati on 1.56 + 1.14 1.00 =+ 1.06 < 0.02
Menory | oss 1.41 £ 1.05 1.04 = 1.08 n.s.
Di zzi ness 1.26 £ 1.14 0.74 + 1.05 < 0.05
DI ENCEPHALI C
S OIS 7.46 £+ 3.90 4.81 + 4.34 < 0.01
Skin alterations 0.72 + 0.96 0.45 + 0.93 n.s.
Vi sual
dysfuncti on 1.11 + 1.07 0.96 £+ 1.12 n.s.
Audi tory
dysf uncti on 1.06 + 1.12 0.81 + 1.12 n.s.
SENSORI AL synptonms 2.89 + 2.72 2.32 = 2.45 n.s.
Car di ovascul ar 0.76 + 1.10 0.49 + 0.93 n.s.

al terations

A possible rel ationship between the declared severity of
the synptom and the m crowave power density was explored. A
mat hemati cal nodel with | ogarithm c dependence on the
nmeasured electric field (EFM was used. The SPSS
statistical package, with different regression nethods, was
used for this analysis. The results for the correlation
coefficient and statistical significance are presented in
Table 2 . Correlation coefficients were grouped in four
sections: asthenic, diencephalic, sensorial, and

car di ovascul ar synpt ons.

Table 2. Correlation Coefficient Between Severity of
the Reported Synptons and the Logarithm of the
Measured Electric Field.

Wt pover deneity. 1 P value
ASTHENI C synpt ons
Fati gue 0.438 < 0.001
Irritability 0. 515 < 0.001
Headache 0.413 < 0.001
Nausea 0. 354 < 0.001
Appetite | oss 0. 485 < 0.001
Di sconf ort 0. 544 < 0.001
Gait difficulty 0.127 n.s.

DI ENCEPHALI C synpt ons

Sl eep di sturbance 0.413 < 0.001

Depr essi on 0. 400 < 0.001
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Difficulty in 0. 469

concentration < 0.001
Menory | oss 0. 340 < 0.001
Di zzi ness 0. 357 < 0.001
SENSORI AL _synpt ons
Skin alterations 0. 358 < 0.001
Vi sual dysfunction 0. 347 < 0.001
Audi tory 0. 163 n.s.

dysfunction
CARDI OVASCULAR synpt ons

Car di ovascul ar
alterations 0.290 < 0.01

Second Colum is the Statistical Significance (p) of the
Correl ation Coefficient.

DI scussi on

It is interesting to conpare the severity of the reported
synpt ons between both groups of Table 1 : nore severe
synptons were reported in the first group. The first group
(< 150 mfrom BS) was exposed to a nean EMF power density
10 times higher than the second group (> 250 mfrom BS).
Ast heni ¢ syndrone was 42% hi gher in the first group,

di encephal i ¢ syndronme was 55% higher in the first group,
sensorial alterations were 25% higher in the first group,
and cardi ovascul ar alterations 55% hi gher as wel | .

However, the use of nobile phones was 30%in the first
group and 17%in the second group. Use of the persona
computer was 16%in the first group and 1% in the second
group. Therefore, these differences could bias the health
response. The use of the nobile cellular phone inplies a
consi derably hi gher exposure of the head to m crowaves
during the phone call, roughly 5 mWcnf, 10,000 tines

hi gher than the maxi num EMF exposure attributed to the BS.
Mor eover, the synptomatic response could be influenced by
personal or human idiosyncrasy. The exposure to radiation
fromthe conputer screen occurs at extrenely | ow
frequencies and is under 0.3 uT, at nornal distances. It is
therefore not considered significant, but will be the

subj ect of a future work.

Results from Table 2 indicate the correl ati on bet ween
severity of the reported synptons and the | ogarithm of the
neasured electric field (EFM with p < 0.001. W find that
di sconfort (0.544), irritability (0.515), and appetite | oss
(0.485) are the nost relevant synptons correlated with
exposure intensity. Others synptons, fatigue (0.438),
headache (0.413), difficulty in concentrating (0.469), and
sl eep di sturbances (0.413), also show a significant
correlation with exposure intensity. However, other
synptons such as auditory dysfunction, gait difficulty, and
cardi ovascul ar, have a |ower correlation coefficient, but

significant p < 0.01.


http://www.dekker.com/servlet/product/DOI/101081JBC120024625/section/
http://www.dekker.com/servlet/product/DOI/101081JBC120024625/section/

However, the nost interesting aspect of our results is the
significance of the dependence between both variables: The
decl ared severity of the synptomand the |ogarithmof the
neasured electric field. Another interesting observation is
that four of the highly correlated synptons (Table 2 ) such
as headache, sl eep disturbances, concentration difficulty,
and irritability also show the nost rel evant differences
bet ween both groups and the hi ghest values in the clinical
scale, 2.17, 1.94, 1.56, and 1.56 respectively (Table 1 ).

The validity and interpretation of the results of Tables 1
and 2 nust be analyzed in the proper context, by conparison
with results fromother researchers, or with our results
fromprevious simlar surveys. Actually there are no
studies simlar to the presented in this conmunication.
However, our work shows a simlarity in procedure and
results with previous surveys on noi se annoyance. Results
for the correlation coefficients (Table 2 ) are simlar to
t hose obtained in previous social surveys on noise
annoyance, where the maxi mum correl ati on coefficient was
around 0.35 (Schultz, 1978).

If there is a casual relationship between severity of the
synptons and the neasured electric field, it nay be that
the logarithm c approach is still too approxinmate, and a
nore el aborate nodel woul d be convenient. The logarithmc
nodel is extended in the anal ysis of noi se annoyance, since
the devices used in noise neasurenents use |logarithmc
scales (dB,). Moreover, the used neasurenent was a spatial -
poi nt, tinepoint, neasurenent. This would nost |ikely be an
I nprovenent in correlation for EMF average | evels during
days or weeks. However, the existence of appropriate
instrumentation is a limtation.

It is worth pointing out that noise is a recogni zed

envi ronnental pollutant, and the social surveys on noise
annoyance address its subjective response. Although noise
is perceived by the senses, the sane is not true for the
el ectromagnetic field. Therefore biasing is less likely in
the present study, and the results are probably nore

obj ective than in the surveys on noi se annoyance.

Trying to find conparisons between our results and previous
work, we can claima strong simlarity with the Lilienfeld
study (Johnson-Li akouris, 1998), which showed a dose-
response rel ationshi p between vari ous neurol ogi cal synptons
and m crowave exposure. These synptons were grouped under
the nane “m crowave syndrome” or *“radiofrequency

radi ati on sickness. ”

The present results denonstrate a significant correlation
bet ween several synptons of what is called mcrowave

si ckness and the m crowave power density associated with
the Base Station |ocated on a hill at the edge of the town.
The severity of the synptons weakens for people who |ive
far away, at a distance greater than 250 mfromthe nmain
EMF source and at a power density |lower than 0.1 pW cnf.
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As there is a significant difference between both groups in
terms of the irradi ated power density, a hypothetica

rel ati onshi p between the DCS em ssion and the severity of
synptons may exi st.

There is a |large and coherent body of evidence of

bi ol ogi cal nechani snms t hat support the conclusion of a

pl ausi bl e, | ogical, and causal rel ationship between RF
exposure and neurol ogi cal disease. Hence it is possible
that cell sites are causing adverse health effects. Public
heal t h surveys of people living in the vicinity of cel
site BSs should be carried out inmediately, and conti nued
over the next 2 decades. Pronpt effects such as

m scarri age, cardiac disruption, sleep disturbance, and
chronic fatigue could well be early indicators of adverse
heal th effects.

This is the first social survey concerning the m crowave
syndrone carried out in Spain, and is a prelimnary study.
Future surveys in anot her geographical |ocations are
underway. More research and conparison of statistica
results fromdifferent areas woul d be useful

At present, the el ectromagnetic/ mcrowave power density is
not a recogni zed environnental pollutant. The reported
results are obtained fromone of the first social surveys
on the health of the population living in the vicinity of a
Base Station of GSM DCS cel | ul ar phone.
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