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ABSTRACT

Low levels of microvawe power density are found around the GSM-DCS cellular phone Base Stations (BS), were
antennas are usually located on the roofs or on the top of tall towers. After World War Il, a specific
symptomatology was reported linked to the radar exposure of low levels of microwave power density. This was
named “microwave syndrome™. In the present work, results from a preliminary survey about the microvawe
Syndrome are presented. This analysis tries to evaluate whether there is some statistical justification for
complaints and related dysfunction that is associated to RF exposition in the neighborhood of GSM base
stations. Statistical data and correlation between the severity/presence of the symptoms described in the RF
Syndrome and the Power density found at home is reported with P<0.05. The present study may show evidence
of some biological effects linked to this exposure even at very low intensity.

INTRODUCTION

The hypothesis that microwave exposure might produce health damage has been analyzed mainly from several
epidemiological studies (1-6). Especially leukaemia in children and brain tumors were the clinical entities often
described. The clinical consequences of radiofrecuency-microwave (RF-MW) exposure to radar was evaluated
from military studies, in which an increase of lung cancer (7), and micronucleous (8) were observed.
“Microwave sickness” was the name given to the reported symptomatology related to low levels of exposure to
RF-MW, (9). The Lilienfeld study, which reported elevated mutagenesis and carcinogenesis among the
employees that were chronically exposed to a very low intensity radar signal at the U.S. embassy in Moscow in
the 1950"s to 1970’s (10,11), was reviewed.

Several articles found biological dysfunction at very low density of radiation without perceptible temperature
elevation, giving an indication of the existence of “non-thermal” effects below the actual standard of safety
norms derived from ICNIRP (12-19).

Low levels of RF are found in cities and towns around and near cellular phone Base Stations (BS). Antennas are
also located on tall towers. Digital cellular phones use pulsed microwaves, and these signals have a spectral
similarity with the radar signal. Therefore, we have reached the conclusion that the above information could be
important when considering its possible implication on public health.

Previously, a positive relationship between the degree of complaints and the distance from Base Stations were
described (20-22) .

In the present work, results from a preliminary survey about the microwave syndrome are presented. Statistical
data between the severity/presence of the symptoms described in the RF syndrome and the distance from the
base station at home is reported. In the presented study, the significance of the results is evaluated, and results
for two different groups are analyzed.

Nowadays, the electromagnetic-microwave power density is not a recognized environmental pollutant. The
reported results are obtained from one of the first social surveys on the health of the population who live in the
vicinity of a Base Station for GSM-DCS cellular phones.

MATERIALS AND METHOD

Measurements of the electromagnetic field were taken in the bedrooms of each home. The measurements were
added to the report on the person who slept in that bedroom. A portable broadband electric field meter (EFM)
was used.

The EFM was oriented by hand in order to measure the maximum strength of the electric field above the bed.
The electric field in each room presented a standing wave pattern because of the reflection of the waves in the
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nearest walls and building structures. Therefore, the Electromagnetic field meter was held around 1 meter from
the walls, roughly 1.2 meters above the ground, and was moved in circles in order to get the maximum electric
field strength.

The electromagnetic field meter contains a microwave diode with a logaritmic amplifier. The diode is a square
law detector, which rectifies the microwave signal, and the DC signal is amplified giving a DC level of around 1-
5 Volts. The ouput from the the amplifier is calibrated by introducing a known leveled power with the HP-
8510C vectorial network analyzer. An antenna with known gain in the appropriate band, i.e. the GSM band 935-
960MHz, and DCS-1805-1880MHz, permits the detection of the desired microwave band. The antenna gain was
measured in the anechoic chamber at the University of Valencia. The measurement corrected with the antenna
gain was converted to power density units in Watts/meter, or electric field units in Volts/meter, taking the wave
plane approach into consideration. The measurement was shown in a display by using an ADC converter with a
programmed chip. However, the power density units are better presented in microwatts/square centimeter units,
because of their low levels.

The measurements were taken in two different days, however at a similar time both days. To check the number
of working channels of the cellular phone base stations (BS), measurements of the spectral power density were
carried out with a probe antenna and a portable spectrum analyzer.

The channels present dramatic differences in amplitude from channel to channel, some of them going "on" and
"off" the air at random times.

The probe was mounted on a linen phenolic tripod about 1.2 meters above the ground on a hill next to the town,
20 meters from the BS. With the spectrum analyzer, we scanned the GSM and DSC band, at the beginning,
taking the average for a period of 5 minutes. The measurement of the spectrum was similar on both days, having
a difference in the peaks estimation (carriers of the channels) which were within the limits for error for the
spectrum analyzer.

About the Questionnaire: The Santini questionnaire (20) was adapted to the Spanish language. This included
demographic data (hame, sex, ,age, address), time of exposure ( days/week,; hours/day and years of living under
exposure), distance and orientation to the antenna, presence of other EMF sources and use of computer (more
than 2 hours/day) and cellular phones (more than 20 minutes/day), and measurements of several symptoms such
as: depression, headache, fatigue, irritability, difficulty in concentrating, memory loss, dizziness, insomnia, loss
of appetite, ocular and auditory dysfunctions, skin problems, gait difficulty, cardiovascular abnormalities and
nausea. Respondents scored those symptoms between 0 to 3 depending on their severity. Up to the mean score of
1,5 was considered an uncomfortable symptom for the subject.

Finally, only 97 subjects were included in the study because of their absence of neurological and psychiatric
records.

RESULTS

The exposure time, explained as the time spent in the vicinity of the BS was more than 6 hours per day, 7 days a
week, in 95% of the respondents.

Concerning the frequency of use of cellular phones: 24% of the respondents declare themselves to be active
users of mobile GSM-DCS phones for more than 20 minutes per day.

The mean value of the declared presence/severity of the symptom is presented in Table I, for people under
exposure levels 0-0.5, 0.6-1.0, 1.1-1.5, 1.6-2.0 V/m. Table 1l shows mean values for groups by age and sex.

0-0°’5V/m 0°5-1 1-1°5 1'5-2 Use of cellular phone
Vim Vim Vim
No Yes

V_01 1 1 1 2 1 1
V_02 1 2 2 2 1 2
V_03 2 2 3 2 2 2
V_04 1 1 1 2 1 1
V_05 1 1 2 2 1 1
V_06 2 2 2 2 2 2
V_07 1 1 1 2 1 1
V_08 1 1 2 2 1 2
V_09 1 1 2 2 1 2
V_10 1 2 2 2 1 1
V_11 0 1 1 1 1 1
V_12 1 2 1 2 1 1
V_13 1 1 1 1 1 1
V_14 1 1 1 2 1 1
V_15 1 1 0 1 1 1
V_16 1 0 1 2 1 1
Number 76 8 8 5 74 23
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Table l.a: Average presence of the symptom related to the electric field, and the use of cellular phone (0-Never, 1-
Sometimes, 2-Often, 3- Very Often)V_01 fatigue, V_02 irritability, V_03 headache, V_04 nausea, V_05 appetite loss, V_06
insomnia, V_07 depression, V_08 discomfort, V_09 difficulty in concentration, V_10 memory loss, V_11 skin problems, V_12
visual dysfunction, V_13 audibility dysfunction, V_14 dizziness, V_15 gait difficulty, V_16 cardiovascular abnormalities.

0-0’5 0°5-1 1-1’5V/m 1’5-2 V/m Use of cellular phone
Vim Vim No Yes

V_01 | N-392% | N-4"1% N-3'1% N-0% N-36"1% N-10"3%
S-175% | S-2’1% S-2'1% S-1% S-196% S-3'1%
0-13'4% | O-1% O-1% O-1% 0-10"3% 0-6"2%
VO-8"2% | VO-1% VO-2"1% VO-3'1% VO-10"3% VO-4’1%

V_02 | N-24’7% | N-2’1% N-1% N-0% N-23"7% N-4’1%
S-22'7% | S-0% S-1% S-1% S-2076% S-4'1%
0-22'7% | 0-6"2% 0-0% 0-2'1% 0-22'7% 0-82%
VO-8'2% | VO-0% VO-6"2% VO-2"1% VO-9'3% VO-7"2%

V_03 | N-72% N-0% N-0% N-0% N-7"2% N-0%
S-22°7% | S-2’1% S-0% S-2’1% S-21°6% S-52%
0-23'7% | 0-3'1% 0-4’1% 0-2’1% 0-23'7% 0-9'3%
VO- VO-3'1% | VO-4'1% VO-1% VO-23'7% VO-9’3%
24’ 7%

V_04 | N-43’3% | N-3'1% N-2’1% N-0% N-42’3% N-6"2%
S-21'6% | S-5"2% S-3'1% S-3'1% S-2076% S-12’4%
0-9'3% 0-0% 0-2’1% O-1% 0-8"2% 0-41%
VO-4’1% | VO-0% VO-1% VO-1% VO-52% VO-1%

V_05 | N-474% | N-4’1% N-1% N-0% N-43’3% N-93%
S-19°6% | S-2’1% S-3'1% S-2’1% S-22°7% S-4’1%
0-8"2% O-1% 0-2’1% O-1% O-7"2% 0-5"2%
VO-3'1% | VO-1% VO-2'1% VO-2'1% VO-3'1% VO-5"2%

V_06 | N-16"5% | N-1% N-0% N-0% N-14°4% N-3"1%
S-20°6% | S-0% S-1% S-3'1% S-16’5% S-8"2%
0-23'7% | 0-5'2% 0-5"2% 0-0% 0-25"8% 0-8"2%
VO- VO-2'1% | VO-2'1% VO-2'1% VO-19'6% VO-4"1%
17°5%

V_07 | N-35"1% | N-4'1% N-4"1% N-0% N-35"1% N-82%
S-16’5% | S-2’1% S-1% S-2’1% S-15’5% S-6"2%
0-16’5% | O-1% O-1% O-1% 0-16’5% 0-3'1%
VO- VO-1% VO-2’'1% VO-2'1% VO-9'3% VO-6"2%
10°3%

V_08 | N-29°9% | N-3'1% N-0% N-0% N-30"9% N-5"2%
S-20'6% | S-1% S-1% S-2'1% S-16’5% S-3'1%
0-21'6% | 0-2'1% 0-4"1% O-1% 0-21'6% 0-9'3%
VO-6'2% | VO-2'1% | VO-3'1% VO-2’1% VO-7"2% VO-6"2%

V_09 | N-27'8% | N-3'1% N-0% N-0% N-25"8% N-5"2%
S-19°6% | S-1% S-2'1% S-2’1% S-21°6% S-3'1%
O-17'5% | 0-3'1% 0-3'1% O-1% 0-15’5% 0-9'3%
VO- VO-1% VO-3'1% VO-2'1% VO-13'4% VO-6’2%
13'4%

V_10 | N-268% | N-1% N-1% N-0% N-23"7% N-5"2%
S-24'7% | S-2’1% S-2'1% S-3'1% S-24"7T% S-72%
0-15'5% | 0-2'1% 0-5"1% O-1% 0-14’4% 0-9'3%
VO- VO-3'1% | VO-0% VO-1% VO-13'4% VO-2'1%
11'3%

V_11 | N-557% | N-4’1% N-4’1% N-0% N-5276% N-11"3%
S-103% | S-2’1% S-2'1% S-4'1% S-9'3% S-93%
0-9'3% O-1% 0-2’1% 0-0% 0-9'3% 0-3'1%
VO-3'1% | VO-1% VO-0% VO-1% VO-52% VO-0%

V_12 | N-371% | N-2’1% N-31% N-0% N-36"1% N-6"2%
S-15'5% | S-2’1% S-1% S-3'1% S-15"5% S-62%
0-18'6% | 0-2'1% 0-3'1% O-1% 0-15’5% 0-9'3%
VO-7"2% | VO-2'1% | VO-1% VO-1% VO-9'3% VO-2’1%

V_13 | N-40"2% | N-3'1% N-3'1% N-0% N-39"2% N-7"2%
S-14°4% | S-3'1% S-5'2% S-4’1% S-14’4% S-12°4%
0-10'3% | 0-2'1% 0-0% 0-0% 0-9'3% 0-3'1%
VO- VO-0% VO-0% VO-1% VO-13'4% VO-1%
13'4%

V_14 | N-36"1% | N-4’1% N-4’1% N-0% N-37"1% N-7"2%
S-18'6% | S-3'1% S-1% S-3'1% S-2076% S-5"2%
0-10'3% | O-1% O-1% 0-0% 0-6"2% 0-6"2%
VO- VO-0% VO-2'1% VO-2'1% VO-12'4% VO-52%
13'4%

V_15 | N-43’3% | N-4’1% N-52% N-0% N-4273% N-10"3%
S-15'5% | S-2’1% S-3'1% S-41% S-14’4% S-10"3%
0-14’4% | O-1% 0-0% 0-0% 0-14’4% O-1%
VO-5"2% | VO-1% VO-0% VO-1% VO-52% VO-2'1%

V_16 | N-54’6% | N-7"2% N-6"2% N-2"1% N-55"7% N-12’4%
S-103% | S-1% S-0% S-1% S-9'3% S-4’1%
O-7"2% 0-0% O-1% 0-2’1% 0-5"2% 0-41%
VO-6'2% | VO-0% VO-1% VO-52% VO-6"2% VO-3'1%

Numb | 76 8 8 5 74 23
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Table 1.b: Percentage of the declared symptom related to the electric field measurement and the use of the
cellular phone (N-Never, S-Sometimes, O-Often, VO- Very Often)

15-25yr | 26-35yr | 36-45yr | 46-55yr | 56-65yr | More than 65 yr

V_01
V_02
V_03
V_04
V_05
V_06
V_07
V_08
V_09
V_10
V_11
V_12
V_13
V_14
V_15
V_16
Number

N EE NN
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o|lr|r|r|r|lo|lk|r|r|r|r|lo|lr N k|-
NN NN NN
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N ERNEEEN R

N
=
N
=
=
©
=
=
=
w
=
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Table I1: Average presence of the symptom related to the age of those surveyed (0-Never, 1-Sometimes, 2-
Often, 3- Very Often)

Table l.a contains mean values that are rounded off to the nearest category, giving a first glance at the reported
symptoms at different electric fields. Table L.b is an enlargement of Table l.a showing the percentage of
respondents reporting levels 0-1-2-3.

Table Il shows the average presence of the symptom related to the age of those surveyed. The reported severity
is distributed throughout all the age groups and is not exclusive of the elder.

The overall health level of the people interviewed was obtained by the addition and normalization of all reported
symptoms. The health indicator was categorized in four levels: Good health, Healthy, Regular, Bad Health. The
health indicator is presented in Table 11l for people subjected to exposure levels 0-0.5, 0.6-1.0, 1.1-1.5, 1.6-2.0
V/m, and Table IV shows mean values in groups of age and sex. Tables I and Il shows a high number of
respondents under low levels of electric field, however it is not statistically conclusive because of the low
number of respondents subjected to 0.6-2.0V/m. This is a characteristic of the present study: The low levels of
the RF exposure. Table IV demonstrates a uniform health distribution by age groups.

0-0’5 06-1 1.1-1'5 1°6-2 Use of cellular phone
Vim Vim Vim Vim
No Yes
0-V. Good 19 (25%) | 1(12'5%) |0 0 18 2 (8'7%)
health (24°3%)
1- Healthy | 38(50%) |4 (50%) |4 (50%) |2 (40%) |38 10
(514%) | (43'5%)
2-Poor health | 17 3(37'5%) | 4 (50%) | 2(40%) |15 11
(2274%) (20°3%) | (47°8%)
3-Bad 2(26%) |0 0 1(20%) |[3@1%) |0
Health
N 76 8 8 5 74 23
Table I11: Health state related to the electric field measurements and the use of the cellular phone. In grey

colour is the average state of health.

15-25yr | 26-35yr | 36-45yr 46-55 yr 56-65 yr | More than
65 yr
0-V. Good 5(23'8%) | 3 (14°3%) | 4 (22'2%) | 2 (18'2%) 3(23'1%) | 3 (23'1%)
health
1- Healthy 10 9 (42°9%) | 13 5 (45’5%) 3(23'1%) | 8 (61'5%)
(47°6%) (7272%)
2- Poor Health | 6 (28'6%) | 9 (42'9%) | 1 (5°6%) | 4 (36’4%) 4 (30°8%) | 2 (15°4%)
3- Bad Health | 0 0 0 0 3(23'1%) | 0
Number 21 21 18 11 13 13

Table IV: State of health related to the age of those surveyed. In grey colour is the average state of health.
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DISCUSSION

We find that the loss of appetite is the most relevant symptom that increases with exposure intensity. Others
symptoms: irritability, discomfort, fainting, difficulty in concentrating and fatigue also show a significant
increment with exposure intensity. However, others such as insomnia or severe headache do not present any
increment.

The results could be interpreted as follows: despite the fact that some correlation could exist, the dose (power
density) or the exposure time is not sufficient to produce any effects on health.

However, an interesting observation is that symptoms such as headache and irritability have the largest gradient
between low radiation and high radiation and the highest values on the clinical scale, 2.17 and 1.56 respectively.
As there is a significant difference in terms of the irradiated power density, a hypothetical relationship between
the GSM emission and the severity of both symptoms could exist. Moreover, the symptomatic response could be
influenced by personal or human idiosyncrasy, even a non-linear relationship between each of these symptoms
and the emission dose measured, could be inferred. .

In order to find some similarities between our study and previous studies, we could claim that there is a strong
coincidence with the Lilienfeld Study (Lilienfeldet al. (1978)), that showed a dose-response relationship
between various neurological symptoms as a function of years of service, these symptoms were grouped under
the name "Microwave Syndrome" of the "Radiofrequency Radiation Sickness", Johnson-Liakouris (1998), that
was also reported in the earlier Russian and Polish literature (Baranski and Czerski, 1976). There is a large and
coherent body of evidence of biological mechanisms that support the conclusion of a plausible, logical and
causal relationship between EMR exposure and neurological disease. Hence, it is probable that cell sites are
causing many adverse health effects. Public health surveys of people living in the vicinity of cell site BSs should
continue being carried out now and progressively over the next two decades as the sudden appearance of effects
such as miscarriage, cardiac disruption, sleep disturbance and chronic fatigue could well be early indicators of
adverse health effects.
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