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ORIGINAL ARTICLE

A cross-sectional case control study on genetic damage in individuals 
residing in the vicinity of a mobile phone base station
GursatejGandhi, Gurpreet Kaur, and Uzma Nisar

Department of Human Genetics, Guru Nanak Dev University, Amritsar, Punjab, India

Abstract
Mobile phone base stations facilitate good communication, but the continuously emitting 
radiations from these stations have raised health concerns. Hence in this study, genetic damage 
using the single cell gel electrophoresis (comet) assay was assessed in peripheral blood 
leukocytes of individuals residing in the vicinity of a mobile phone base station and comparing 
it to that in healthy controls. The power density in the area within 300 m from the base station 
exceeded the permissive limits and was significantly (p = 0.000) higher compared to the area 
from where control samples were collected. The study participants comprised 63 persons with 
residences near a mobile phone tower, and 28 healthy controls matched for gender, age, 
alcohol drinking and occupational sub-groups. Genetic damage parameters of DNA migration 
length, damage frequency (DF) and damage index were significantly (p = 0.000) elevated in the 
sample group compared to respective values in healthy controls. The female residents (n = 25) 
of the sample group had significantly (p = 0.004) elevated DF than the male residents (n = 38). 
The linear regression analysis further revealed daily mobile phone usage, location of residence 
and power density as significant predictors of genetic damage. The genetic damage evident 
in the participants of this study needs to be addressed against future disease-risk, which 
in addition to neurodegenerative disorders, may lead to cancer.
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Introduction
The wireless technology has seen unprecedented expansion 
the world over and has become all pervasive. Though on one 
hand, there has been indispensable improvement in the quality 
of communication, yet it has also emerged as an unceasing 
source of radiofrequency radiations (RFRs) being emitted, 
both from mobile (cell) phone base stations and the cell phone 
itself, which acts as a two-way radio, i.e. transceiver (Kwan- 
Hoong, 2005), generally operating in the frequency range of 
900MHz-1.9 GHz (Levitt and Lai, 2010). According to the 
Telecom Industry of India (Telecom sector in India, 2012), 
the Indian Telecommunications network is the third largest in 
the world and the second largest among the emerging 
economies of Asia; the industry continues to grow having 
540000 communication towers with more and more towers 
being erected (DoT, 2012). There is also correspondingly high 
mobile phone subscribers’ base, being second after China 
(Das, 2012). The need for an expansive network to maintain 
the escalating mobile phone subscribers’ base has resulted in 
the proliferation of antennas atop masts, both in urban as well
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as rural areas, adding to the quagmire of environmental 
pollutants as the RFRs.

The continuous emission of RFR has prompted concerns 
about its effect and the potential risks to those living near 
mobile phone base stations despite the fact that the micro
waves in the RFR spectrum are of low frequency (ARPANSA, 
2011). Besides affecting the well-being and performance of 
the population, headaches, sleep disturbances, discomfort, 
irritability, depression, memory loss and concentration prob
lems have been documented in France (Santini et al., 2002), 
Spain (Navarro et al., 2003), Poland (Bortkiewicz et al., 2004) 
and Egypt (Abdel-Rassoul et al., 2006). In Austria, where the 
exposure limits (0.001 W/m2) are among the lowest in the 
world, health symptoms included buzzing in the head, heart 
palpitations, unwellness, lightheadedness, anxiety, breathless
ness, respiratory problems, nervousness, agitation, headaches, 
tinnitus, heat sensation and depression (Oberfeld et al., 2004). 
Of more concern are studies on the occurrence of cancers 
among those residing near mobile phone base stations. 
A four-fold increase in the incidence of cancers of all kinds 
among residents living within 300-m radius of a mobile phone 
mast from three to seven years has been reported (Wolf 
and Wolf, 2004). In another study, a three-fold increase in 
the incidence of malignant tumors of blood, breast, ovary, 
pancreas, stomach, lung, kidney, bowel, prostate and skin 
melanoma was found after five years’ exposure in people
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living within 400-m radius of a mobile phone mast (Eger 
et al., 2004). An earlier study had indicated an association 
between an increase in cancer and living in proximity to a 
mobile base station (Cherry, 2000). According to a study near 
the transmitter station of Radio Vatican, there were 2.2 times 
more leukemia cases in children within a radius of 6 km, as 
well as an increase in adult mortality from leukemia 
(Michelozzi et al., 2002).

The carcinogenic influence of RFRs (Hardell et al., 2007; 
Stein et al., 2011), however, continues to be debated though 
the International Agency for Research on Cancer (IARC, 
2011) classified RF as possibly carcinogenic to humans 
(Group 2B carcinogen), based on an increased risk for glioma 
(malignant type of brain cancer) associated with wireless 
phone use (Hardell et al., 2013).

Besides effects on human health and association of cancer 
in persons staying near mobile phone base stations, a vast 
array of other biological effects have been documented to be 
associated with exposure to RFR in both, in vitro and in vivo 
studies. Some of the recent literature reinforces the earlier 
studies on causation of oxidative stress (Kesari et al., 2010; 
Garaj-Vrhovac et al., 2011; Khalil et al., 2012) and DNA 
strand breaks (Kim et al., 2012; Schwarz et al., 2008) as well 
as affecting reproduction, particularly with effects on sperm 
physiology and DNA (Atasoy et al., 2012; Avendano et al., 
2012; Chavdoula et al., 2010). Electromagnetic fields 
(EMFs), from extremely low frequency (ELF, 30-300 Hz), 
radio frequency and microwave frequency (100k Hz- 
300 GHz) ranges, have also been reported to activate the 
cellular stress response as a protective mechanism inducing 
the expression of stress response genes (heat shock protein 
70) causing the low energy EMF to interact with DNA, 
causing DNA strand breaks (Panagopoulos et al., 2007).

Considering that RFR can induce cell death (Blank and 
Goodman, 2009), genetic damage (Lixia et al., 2006) and 
contribute toward neoplastic cell transformation (Halliwell, 
2000; Marnett, 2001) and since no studies on the genomic 
damage assessment in individuals residing near base stations 
have come to attention, this study (a first of its kind) 
investigated DNA damage using the alkaline single cell gel 
electrophoresis (SCGE/comet) assay in the peripheral blood 
leukocytes (PBL) of a group of individuals residing near a 
mobile phone base station.

Materials and methods 
Study-design
A case-control cross-sectional study was carried out in the 
city of Amritsar (31.6167°N, 74.8500°E), Punjab, India, on 
a total of 91 individuals with 70% (n = 63) residing in a 
populated area with a mobile phone base station (the 
sample group) and 30% (n = 28) in a sparsely-populated 
zone without any nearby base stations (the control group). 
At the time of the study (2007-2009), it was fortunate that 
such areas existed; random sampling (one person per 
household with every fifth house being sampled) was 
carried out both, near the mobile phone base station and 
from an area without any nearby mobile phone base station, 
and hence the importance of this study can in no way be 
undermined.

The network providers avail the 800-2200 MHz bandwidth 
part of the frequency range for use in mobile phone 
communication technology. This wavelength is generated 
via an EMF generator located at the base of a mast/tower, 
which is in the operation mode to provide round-the-clock 
communication facility (WHO, 2011). The microwaves from 
the point of generation are fed through cables leading to the 
top of the tower-structure and beamed 360° through antennae 
(disc- or sector-shaped) placed on the lattice-structure of the 
tower/mast. The microwave forms a floral pattern as it is 
beamed from the antennae with central petal forms being 
positioned at the horizontal plane up to 300 m or so and 
shorter ones falling closer to the tower (Kimura and Ebine, 
2005). Areas from 50 to 250 m have the most radiation; 
concrete buildings facing the towers have higher RFR, 
followed by those below and as compared to adjacent ones 
(Nayyeri et al., 2013). The continuous 24 x 7 RF (microwave) 
emissions within a 300-m radius of a mobile base station 
therefore must be having an impact on those residing there. 
In this study, the focus was to assess genetic insult in the PBL 
using the well-validated SCGE assay for human bio-moni
toring studies (Dusinska and Collins, 2008).

Power of the study
A sample size of 70 subjects was calculated to be sufficient 
for the primary endpoint of the study as derived from genetic 
damage data obtained in a pilot study with the significance 
level of p < 0.05 and a power of 80%. Retrospectively also, the 
power of study is 92% implying that this study sample size of 
91 individuals is more than sufficient to discern statistical 
increase in genetic damage at 5% level of significance.

Study participants
Inclusion criteria

The sample group comprised individuals who fulfilled the 
inclusion criteria of being above 18 years of age and residing 
within a distance of 50-300 m from a mobile phone tower, 
absence of any other exposure(s), disease or recent illnesses 
and not being on any prescribed/other medication. The 
control group comprised healthy individuals matched for 
age and sex, neither residing nor working in areas with mobile 
phone base station(s) nearby and without any other exposures.

Ethical clearance and informed consent

Approval of the study (consideration of the ethical aspects) 
was obtained from the Institutional Ethics Committee, and 
only those individuals who gave their voluntary written 
consent (after the detailed information about the study had 
been explained to them) formed the study group.

The mobile phone base station

Among the base stations/towers (n = 90) in Amritsar at that 
period of time, the base station as a lattice structure in Kabir 
Park opposite Guru Nanak Dev university had been erected in 
1998 by the Airtel Network provider with as many as eight 
dish- and 11 sectored-antennas, arranged equilaterally so as to 
provide 360° network coverage. The tower was installed on 
the roof-top of a residence (5 m) with the mast height of 15 m.
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The roof-top had been rented out to the Airtel Network 
Company for a period of 12 years, while the owners resided 
on the ground floor. The residence on which the tower is 
erected faces a road on one side, while there are residences on 
all the other three sides. As per guidelines of siting of mobile 
base stations, the installation height should be 20-30 m, and 
the tower should not be within the premises of schools, 
hospitals and in narrow lanes (<5m) having no nearby 
buildings especially right in front of the antenna (DoT, 2012).

RF measurements

Radiofrequency field measurements were taken at varied 
locations from households from where sampling was done. 
A hand-held monitor (Reliance KP100FL-01-, Mumbai, India) 
was used to record the radiofrequency as per the instruction 
manual. Power density was recorded in decibels (dbm). RF 
measurements were taken for a total of 91 sites; at each site, the 
best reading was recorded and converted to power density (W/ 
m2) by using a conversion formula (dbm = 10 x log10 mW/m2) 
as per Elliott et al. (2010). In India, the safety limits for public 
exposures from base stations at the time of study were 
36.6 dbm (4.5 W/m2) for 900 MHz, 74.82 dbm (9.2 W/m2) for 
1800 MHz frequency, which have been decreased to one-tenth 
level as since September 2012 as per Department of 
Telecommunications guidelines (DoT, 2012).

Methodology
A questionnaire, after consultation of literature to record 
relevant and appropriate information for the objectives of the 
study, was prepared in collaboration with other members of 
the laboratory doing a parallel study (in preparation). A face- 
to-face interview method was used, and information on 
general demography, genetic, family and exposure histories, 
life-style (smoking, alcohol consumption and dietary pattern), 
occupation, duration of stay near and distance of household 
from mobile phone base station, mobile phone usage (average 
daily use and duration of using) and on medical issues 
(exposure to X-rays, vaccinations and medication) was 
recorded on the questionnaire.

Sample collection

Finger-prick blood samples (300 ml) were collected from the 
study participants in heparin-containing vials, which were 
transported on ice to the laboratory and processed within 
2-3 h for genetic damage assessment.

Principle of the SCGE assay

The SCGE assay is a sensitive yet simple and versatile 
technique, for the assessment of genetic damage. The agarose- 
embedded leukocytes are treated with lysing solution, which 
aids in removal of cell membranes, cytoplasm, nucleoplasm 
and in the dissolution of the nucleosomes (Nandhakumar 
et al., 2011). The treatment of the nucleoid with alkaline 
solution causes supercoiling of DNA leading to unwinding 
thereby exposing the alkali-labile sites, which migrate toward 
the anode (DNA being negatively charged) on electrophoresis. 
DNA migration from the nucleoid produces a comet-like 
appearance, and this is an important measure of genetic 
damage assessment (Collins, 2004).

The alkaline single cell gel electrophoresis assay

The alkaline SCGE assay was performed according to Singh 
et al. (1988) with minor modifications and use of chemicals of 
analytical grade procured locally (SRL, Mumbai, India). 
Blood (30 ml) was mixed with 100 ml of 0.5% low-melting 
point agarose and spread on the slides previously coated with 
1% normal melting point agarose. For each, two slides per 
sample were prepared. The slides were immersed for 2-4 h in 
fresh lysing solution (2.5 M NaCl, 100 mM EDTA, 10 mM 
Tris-HCl, pH 10) in which at the time of use, addition of 1% 
Triton X-100 and 10% dimethyl sulfoxide was done. The slide 
preparations were submitted to electrophoresis for 25 min at 
300 mA and 25 V (1.0V/cm run rate) after an earlier 
incubation of 25 min in alkaline buffer solution (300 mM 
NaOH, 1 mM EDTA, pH>13.0). The slides were then 
neutralized by washing with the neutralization buffer 
(400 mM Tris-HCl, pH 7.5). Following the fixation of the 
cells in fixing solution (75 g of TCA, 25 g of ZnSO4 and 25 ml 
glycerol), the slide preparations were stained with silver 
nitrate (0.2% AgNO3) as per Nadin et al. (2001).

Slide scoring

One-hundred cells per individual (two slides scored for 50 cells 
each) were analyzed at 40 x under a binocular microscope 
(Magnus MLX-DX 4B 523830, Olympus, India); a calibrated 
ocular micrometer was used for the manual measurement of 
DNA migration length as well as for visual scoring of 
nucleoids, which is considered a well-validated evaluation 
method (Collins, 2004). Comet assay parameters were rec
orded, according to da Silva et al. (2008). The mean DNA 
migration length (mm) was obtained as the difference between 
the comet tail (from head to the trailing end of comet) and the 
radius of the head. Based on the number of cells with tails and 
their categorization into classes 0-4 (Collins, 2004), the 
number of cells with tails comprised the damage frequency 
(DF). The damage index (DI) was calculated (da Silva et al., 
2008) for each sample depending on nucleoids with/without 
damage, ranging from 0 (no damage) to 400 (maximum 
damage) by multiplying the cell category with cells in each 
category from 0 to 4. The DI is based on the length of migration 
and on the amount of DNA in the tail; it is considered a 
sensitive measurement of detectable DNA damage (Grisolia 
et al., 2009).

Statistical analysis
The values are expressed as mean ± standard error of mean. 
The Kolmogorov and Smirnov tests revealed normal distri
bution of the data, and hence parametric tests were performed. 
Chi-square analysis was carried out for comparison of 
categorical variables of the exposed and control groups. The 
Students t-test was performed for comparison of the mean 
values within and of the various study variables with the 
genetic damage parameters. To check for association (if any) 
between the confounding factors and genetic damage, the 
analysis of variance and the Pearson’s correlation analysis 
were performed. To assess the independent statistical rela
tionships of the confounding factors simultaneously, a multi
variate linear regression analysis was also carried out.
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The tests were interpreted using a 5% degree (p < 0.05) of 
significance. Statistical analyses were conducted using the 
Statistical Package for Social Sciences, version 16.0 software 
(SPSS, Chicago, IL) and the MedCalc statistical software 
package for Windows (Ostend, Belgium).

Results
The general characteristics of the study participants are listed 
in Table 1. The 38 male (25.93 ± 0.85 years) and 25 female 
(26.35 ± 1.15 years) residents in the sample group had been 
staying within 300 m of the base station for an average of 
7.42 ±0.25 years (range 4-10 years). All (but one resident) 
were cell phone users (average duration 4.03 ± 0.23 years), 
while there were eight users (28.57%) in the control group 
(0.33 ± 0.14 years) showing significant difference (p = 0.000) 
for mobile phone usage between the groups. The respective 
average daily cell phone usage was 2.03 ± 0.16 h and 
0.50 ± 0.00 h, also being highly significant (p = 0.000) 
between the groups. Health complaints were recorded in 
26.98% of residents near mobile phone base stations mainly 
related to headache and tinnitus. The groups matched for age 
(25.93 ± 0.85 years of sample group vs. 26.35 ± 1.15 years in 
controls) as well as for gender, alcohol drinking and occupa
tion-type but not for mobile phone usage, dietary pattern, 
smoking habits or health complaints on Chi-square analysis.

In respect of RF, the power density measurements at the 
sampling sites (n = 63) near the base station ranged from 
7.6 W/m2-14.59 W/m2 (average 11.49 ± 0.17 W/m2), whereas 
in the areas from where the control group was sampled 
(n = 28 sites), the value was significantly (p = 0.000) lower 
(0.001-0.1 W/m2; average 0.045 ± 0.00 W/m2). The highest 
power density values (Table 2) were at a distance of 50-100 m 
(12.21 ±0.32 W/m2) followed by those at 151-200 m 
(11.01 ±0.42 W/m2), 201-250 m (10.60 ± 0.39 W/m2) and 
with least at 251-300m (10.41 ± 0.22 W/m2) indicating that 
as the distance from mobile phone base station increased, the 
power density decreased. This was also evident on correlation 
analysis as a significant negative association between distance 
from base station and the power density values (r = -0.495, 
p = 0.000) were obtained. Significantly increased power 
density was observed at a distance of 50-100 m compared 
to those at 151-200 m (p = 0.035), 201-250 m (p = 0.005) and 
251-300 m (p = 0.001). At distance 101-150 m, the power 
density was also significantly increased from that at 151
200 m (p = 0.010), 201-250 m (p = 0.002) and 251-300 m 
(p = 0.000). On comparing the values of power density for 
location of residence (opposite/adjacent) from the base 
station, no statistically significant differences were observed.

Genetic damage was significantly (p = 0.000) increased in 
the sample group compared to that in the controls (Tables 3
5). The Student’s t-test revealed a highly (p = 0.000) signifi
cant (2.5-fold) increase in DF, 3.5 times of DI and 4.5-fold 
elevated mean DNA migration length in comparison to values 
in the control group. The females compared to males among 
mobile phone base station residents had significantly elevated 
DF (p = 0.004), whereas the DNA migration lengths showed 
no statistical differences between the genders.

Genetic damage as a function of independent variables 
of age, location of residence (opposite/adjacent), distance

(50-300 m), duration of stay (4-10 years) as well as mobile 
phone usage/non-usage and duration of usage (<5/>5 years; 
<3/>3 years), was also assessed.

As a function of distance of residence from the mobile 
phone base station (50-300 m), genetic damage at all 
sub-intervals of 50 m (Table 4) had significantly elevated 
genetic damage in both, those using (p < 0.01) or not using 
cell phones (p < 0.001). Both, males and females residing 
between 50 and 100 m had statistically elevated DI and DNA 
migration lengths compared to those residing further away. DI 
(p = 0.001) and mean DNA migration length (p = 0.002) were 
significantly higher in males compared to values in females 
residing between 50 and 100 m of the base station though this 
was vice-versa in those at 151-200 m (data not shown). 
Significantly elevated (p = 0.000) genetic damage for all 
parameters was observed in groups residing from 4 to 7 years 
and from 8 to 11 years in the vicinity of mobile phone base 
station (Table 2) compared to controls. Females staying near 
mobile phone base station also had significantly increased 
(p = 0.012) DF compared to values in males of this group 
(data not shown).

Genetic damage as a function of features of mobile phone 
usage and of SAR values of phone-sets is listed in Table 5. 
There were 33 (52.38%) individuals in the sample group using 
mobile phones <5 y and 50 (79.36%) with mobile phone 
usage of <3 h. Among controls, 28.57% had been using 
mobile phones for <5 years with a daily usage of <3 h. As a 
function of mobile phone usage as well as SAR values of 
mobile phone models used by the study participants, signifi
cantly elevated (p = 0.000) genetic damage was observed in 
sample group compared to the values in controls. The 
residents in all these categories had higher genetic damage 
and no gender differences.

The analysis of variance and Pearson’s correlation analysis 
(Table 6) revealed significant association of DF with daily 
mobile phone usage (p = 0.002), of DI with location of 
residence (p = 0.015) and of mean DNA migration length 
with both, location (p = 0.018) and age (p = 0.035), while all 
the three parameters of genetic damage showed significant 
association with power density (p = 0.032 for DF; p = 0.017 
for DI; and p = 0.015 for mean DNA migration length). 
Among controls, mobile phone users (p = 0.000), duration 
(p = 0.000), daily mobile phone usage (p = 0.000) and SAR 
values (p = 0.000) contributed to the elevated DF and DI, 
while duration of mobile phone usage (p = 0.000) and SAR 
(p = 0.000) value also showed association with mean DNA 
migration length. The location of residence, power density 
and daily mobile phone usage emerged as significant 
predictors of genetic damage on multivariate linear regression 
analysis.

Discussion
The consistent human exposure from electromagnetic radi
ations as a result of network expansion has raised public 
concerns in those using cell phones and in particular more so 
in those with residential proximity to mobile phone base 
stations. The emissions are ultra-high frequency waves 
(microwaves) with amplitude modulation and ELF pulsation 
(Santini, 1999). A number of studies (Elliott et al., 2010;
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Table 1. Demographic characteristics of individuals residing in the vicinity of a mobile phone base station and of controls.

Characteristics Range

Sample group

N (%) Mean ± SEM*

Control group

N (%) Mean ± SEM* X2/t-Value
p Value 

(X2/t-test)

Age (years)
18-31 48 (76.19) 25.93 ±0.85 23 (82.14) 26.35±1.15 0.129/0.294 0.719/0.779
32-45 15 (23.80) 05 (17.85)

Gender
Males 38 (60.31) - 15 (53.57) - 0.138 0.709
Females 25 (39.68) 13 (46.42)

Lifestyle
Dietary preference

Veg 29 (46.03) - 20 (71.42) - 4.061 0.043
Non-Veg 34 (53.96) 08 (28.57)

Alcohol drinking
Yes 01 (1.58) - 02 (7.14) - 0.539 0.463
No 62 (98.41) 26 (92.85)

Smoking habit
Yes 16 (25.39) - 01 (3.57) - 4.727 0.029
No 47 (74.60) 27 (96.42)

Occupation
Student 36 (57.14) - 12 (42.85) - 7.419 0.283
Clerks 07 (11.11) 03 (10.71)
Housewives 07 (11.11) 09 (32.14)
Teachers 07 (11.11) 03 (10.71)
Salesperson 03 (4.76) -
Shopkeepers 02 (3.17) 01 (3.57)
Land owners 01 (1.58) -

Time since residing in the vicinity of the base station(y)
4-7 31 (49.20) 7.42 ±0.25 - - - -
8-11 32 (50.79)

Distance from mobile phone base station (m)
50-100 13 (20.63) 180.16±9.63 - - - -
101-150 18 (28.57)
151-200 14 (22.22)
201-250 09 (14.28)
251-300 09 (14.28)

Location of residence
Opposite 29 (46.03) - - - - -
Adjacent 34 (53.96)

Mobile Phone usage
User 62 (98.41) - 08 (28.57) - 49.404 0.0001
Non user 01 (1.58) 20 (71.42)

Mobile Phone using since (years)
<5 33 (52.38) 4.03 ± 0.23 08 (28.57) 0.33 ±0.14 4.606/13.32 0.031/0.000
>5 29 (46.03) -

Daily mobile phone use (h)
<3 50 (79.36) 2.03 ±0.16 08 (28.57) 0.50 ±0.00 0.755/11.11 0.385/0.000
>3 12 (19.04) -

SAR (W/kg) (range) 0.43-0.92 0.68 ± 0.02 0.50-0.88 0.17 ± 0.10 7.911 0.000
Power density (W/m2) at residential 7.6-14.59 11.49 ±0.17 0.01-0.1 0.045 ± 0.00 43.92 0.000

sites (range)
Health complaints

Tinnitus 12 (19.04) - - - - -
Headache 06 (9.52)
Irritability 04 (6.34)
Discomfort 03 (4.76)
Nausea 02 (3.17)

Combinational effects
Tinnitus + Irritability 02 (3.17) - - - - -
Tinnitus + Discomfort 02 (3.17)
Tinnitus + Irritability + Discomfort 01 (1.58)
Nausea + Tinnitus + Irritability 01 (1.58)
Headache + Tinnitus 01 (1.58)

SAR, specific absorption rate.
*Student’s t-test.
p Values in bold are significant (p<0.05).
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Table 2. Power density as a function of distance and location of residence from mobile phone base station.

Study variable Power Density(W/m2) ± SEM

Distance from mobile phone base station (m) 50-100 12.21 ± 0.32a-c
101-150 12.32 ±0.17d
151-200 11.01 ± 0.42e
201-250 10.60 ± 0.39f
251-300 10.41 ± 0.22g

Location with respect to mobile phone base station Opposite 11.32 ±0.23
Adjacent 11.69 ± 0.24

Pearson correlation analysis
Study variable Pearson’s correlation Distance Location of residence w.r.t base station

Power Density (W/m2) r -0.495 -0.140
p 0.000 0.275

Values with different letters are significantly different;
Significant when compared to e(p = 0.035); bhighly significant when compared to f(p = 0.005); cvery highly significant when compared to 

g(p = 0.000); dhighly significant when compared to f(p = 0.010); dvery highly significant when compared to f(p = 0.002).
Value in bold is significant (p< 0.001).

Heinrich et al., 2010) have revealed that RF exposures in 
publicly accessible areas are below the set-standards recom
mended by International Commission on Non-Ionizing 
Radiation Protection (ICNIRP, 1998). In India, the ICNIRP 
limit-levels before September 2012 were 4.5-9.2 W/m2, while 
one-tenth of these since then (0.45 W/m2-0.92 W/m2). The 
SAR values of handsets were also reduced to 1.6W/kg 
averaged over one gram of human tissue instead of 2.0 W/kg 
averaged over 10 gram of human tissue (DoT, 2012). During 
this study, the power density levels were much higher with 
average of 11.49 ± 0.17 W/m2 and the range of 7.60-14.59 W/ 
m2, implying excessive radiation exposure.

Apart from the non-specific but nonetheless adverse health 
effects self-reported by the participants of this study from 
such continuous RF-EMF exposure and as also reported 
worldwide (Abdel-Rassoul et al., 2006; Eltiti et al., 2007; 
Oberfeld et al., 2004), the 2.5-4.5-fold increase in DNA 
damage in peripheral blood lymphocytes of persons staying 
near a mobile phone base station is of acute concern given 
that all neoplasia initiate via unrepaired DNA damage 
(Bernstein et al., 2013; Nambiar and Raghavan, 2011). This 
in no way can be ignored in the light of documented cases of 
malignancy in those staying in the vicinity of mobile phone 
base stations (Dode et al., 2011; Elliott et al., 2010). Location 
of residence with respect to mobile phone base station also 
turned out to be a significant predictor of the genetic damage 
in the residents. Comparative data from other studies are 
lacking as genetic damage has not been assessed in other 
studies making this study to be the first of its kind to the best 
of our knowledge. Results from other studies reveal a 
significant increase in neurological complaints in those 
having residences beneath compared to those staying opposite 
to mobile base stations. (Abdel-Rassoul et al., 2006). 
The facing-position of residents toward phone base stations 
and <100-m distance caused increased prevalence of 
sleep disturbances, fatigue and feelings of discomfort 
(Alazawi, 2011). Besides, the self-reported ill-health symp
toms of tinnitus, headaches, irritability, discomfort and 
nausea the results of this study have also shown increased 
genetic damage (2.5-4.5-fold) in those residing at 50-m

intervals (50-100 m to 251-300 m) from a mobile phone 
base station.

Mobile phone usage was prevalent among 98.41% of the 
study participants and genetic damage as function of mobile 
phone usage revealed 2.00-fold in those having 4.03 ± 0.23 
years of usage and 1.30-fold increase in those with 
2.03 ± 0.16 h of daily usage. It is also of interest that in the 
control group there is almost 3-fold difference in DNA 
migration length between mobile phone users and non-users. 
The difference could probably have accrued from the usage of 
mobile phone, and as communication in mobile telephony is 
through RFR, therefore this sub-group of the controls could 
be manifesting increased DNA damage from mobile phone 
usage (from RFR) compared to non-mobile phone users given 
that this is the main difference in the control sub-groups, 
which can influence genetic damage. This can be borne-out as 
on carrying out ANOVA, correlation and multiple linear 
analyses, SAR of hand-sets, duration and average daily phone 
usage showed association with DNA migration length. These 
results substantiate earlier studies from our laboratory in 
which mobile phone usage in all probability (in the absence of 
other exposures/disease) caused significantly increased DNA 
migration and micronucleated cells in PBLs (Gandhi and 
Anita, 2005; Gandhi and Singh, 2011) as well as clastogenic/ 
aneugenic events in both, buccal mucosa and cultured 
peripheral blood lymphocytes (Gandhi and Singh, 2005). 
This increase in genetic damage has implications as it is the 
first step in carcinogenesis. The risk of ipsilateral cerebral 
cancers and benign tumors of the acoustic nerve were 
reported in mobile phone users after a latency period of 
>10 years have also been reported (Hardell et al., 2006; 
Hardell and Carlberg, 2009).

Though no similar studies on humans from RF exposures 
have come to attention, RF exposures in the mobile phone 
range (900 MHz-1800 MHz) have been observed to induce 
genomic damage in vivo and in vitro. Contradictory results 
with no effects have also been documented in in vitro studies 
where 900 MHz irradiation was not mutagenic to human- 
hamster hybrid cells (Hintzsche and Stopper, 2010) and failed 
to induce DNA strand breaks in rat cells (Usikalu and
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Table 3. Genetic damage in individuals residing in the vicinity of mobile phone base station as a function of gender and age.

Characteristics
Study
group

Sample group Control group

n
Percent cells with 
tails (DF) ± SEM

Damage index 
(DI) ± SEM

Mean DNA migration length 
(pm)±SEM[ n

Percent cells with tails 
(DF) ± SEM

Damage index 
(DI) ± SEM

Mean DNA migration 
length (pm)±SEM[

Age (vears) <30 M 29 95.75 ± 1.24***a 135.31 ±4.75*** 27.60 ± 1.06*** 12 45.91 ±7.11 46.00 ±7.14 6.66 ±1.21
F 19 99.52 ±0.37a*** 132.42 ±6.58*** 26.45 ±1.43*** 11 26.63 ±5.82 28.63 ±4.08 5.00 ±1.24
T 48 97.25 ±0.80 134.17 ±3.84 27.15 ±0.85 23 36.69 ±4.97 37.69 ±4.51 5.87 ±0.86

>30 M 09 95.55 ±1.95*** 145.11 ± 12.50** 30.75 ±2.45*** 03 48.00 ±20.03 48.00 ±20.03 7.31 ±3.53
F 06 100.00 ±00*** 140.08 ± 14.04** 28.76 ±2.63** 02 40.50 ±30.50 29.50 ±19.50 6.21 ±4.60
T 15 97.33 ±1.28 143.40 ±9.01 29.95 ±1.76 05 43.00 ±11.44 40.60 ±13.37 6.87 ±2.43

Gender M 38 95.71 ±1.04b*** 137.63 ±4.62*** 28.35 ±1.00*** 15 46.33 ±6.58 46.40 ±6.60c 6.79 ±1.13
F 25 99.64 ±0.28b*** 134.44 ±5.92*** 27.01 ± 1.24 13 28.76 ±6.16 28.76 ±4.07c 5.19 ± 1.17

Total 63 97.26 ±0.68*** 136.37 ±3.62*** 27.81 ±0.78*** 28 38.17±4.76 38.21 ±4.28 6.05 ±0.81

[Taken as average of means.
***Very highly significant (p < 0.0001).
**Highly significant (p< 0.01) when compared to controls, values with similar letters are significantly different.
Significant when compared within sample group (p = 0.021).
bHighly significant when compared within sample group (p = 0.004).
Significant when compared within control group (p = 0.038).

Table 4. Genetic damage in individuals residing in the vicinity of Mobile Phone Base Station as a function of staying near the base station.

Characteristics Study group n
Percent cells with 
tails (DF) ± SEM

Damage index 
(DI) ± SEM

Mean DNA migration 
length (pm)±SEM[

Distance (m) 50-100 13 99.03 ±0.51*** 138.16±7.66*** 27.90 ± 1.72***
101-150 18 96.83 ± 1.32*** 137.88 ±7.36*** 27.98 ± 1.55***
151-200 14 95.50± 2.17*** 95.50±2.17*** 124.57 ±5.78***
201-250 09 97.22 ± 1.60*** 98.22 ± 1.18*** 27.03 ± 1.25***
251-300 09 98.22 ± 1.18*** 132.88 ±6.22*** 27.03 ± 1.25***

Time since residing near tower (years) 4-7 31 97.42 ±0.76*** 132.82±4.12*** 27.11 ±0.92***
8-11 32 96.88 ±7.15*** 145.22 ±7.36*** 29.58 ±1.41***

Location of residence Besides 19 96.31 ± 1.57*** 143.10±6.96*** 29.14± 1.46***
Facing 44 97.68 ±0.70*** 133.45 ±4.21*** 27.24 ±0.92***

Power density (W/m2) <11.5 32 95.81 ± 1.11*** 127.50 ±4.27*** 25.97 ±0.98***
>11.5 31 98.77 ±0.69*** 145.52 ±5.50*** 29.71 ±1.13***

Control group Mobile phone user 08 74.12 ±3.28a 67.62 ±5.95b 11.52±0.68c
Mobile phone non user 20 23.80 ±2.34a 26.45 ± 2.42b 3.86±0.61c

Total 28 38.17 ±4.76 38.21 ±4.28 6.05 ±0.81

[Taken as average of means. §
***Very highly significant (p< 0.0001) when compared to controls, values with similar letters are significantly different C
a~cHighly significant when compared within control group (p = 0.000). -g
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Akinyemi, 2012) and micronuclei in cultured human periph
eral blood lymphocytes after 2450 MHz radiofrequency 
exposure (Vijayalaxmi et al., 2013). In studies reporting 
non-significant cytogenetic and genetic damage, the emphasis 
has been on the lack of thermal effects from microwaves 
(Verschaeve, 2005, 2009; Vijayalaxmi and Obe, 2004).

However, any biological response from RF exposure may 
be a result of thermal and non-thermal effects (Foster and 
Glaser 2007; Gaestel, 2010). Although the molecular mech
anism is not apparent, changes in cell cycle (Friedman et al., 
2007), induction of cell death/apoptosis (Caraglia et al., 2005) 
and modification of protein expression (Li et al., 2007) from 
oxidative stress (Oktem et al., 2005) resulting from micro
wave exposure have been reported. In spite of the fact that 
thermal effects cannot directly cause structural alteration of 
DNA (Foster, 2000), yet there can be the dysfunction of 
proteins involved in regulation of chromosome segregation 
and DNA replication (Mashevich et al., 2003). The phos
phorylation of heat-shock proteins involved in cellular signal 
transduction pathways from exposure to electromagnetic low 
frequency radiations can lower the defense mechanism 
(Leszczynski et al., 2004) and cause oxidative stress. This 
has potential to oxidize proteins and lipids and inactivate 
enzymes resulting in structural and functional abnormalities 
and in causing oxidative damage to DNA and RNA, thereby 
increasing the mutation frequency and triggering carcinogen
esis (Behari, 2010). Also as EMFs can induce apoptosis 
affecting cell division and cell proliferation, the cell cycle is 
altered (Blank and Goodman, 2009) besides promoting the 
formation of reactive oxygen species, which can cause cell 
damage (Zmyslony et al., 2004). Several experimental studies 
have reported both, single- and double-strand breaks in DNA 
and other chromosomal damage after exposure to EMFs (Cam 
and Seyhan, 2012; Deshmukh et al., 2013; Tsybulin et al., 
2013). Following the WHO/International Agency for 
Research on Cancer (IARC, 2011) classifying radiofrequency 
EMFs as possibly carcinogenic to humans (Group 2B 
carcinogen), based on an increased risk for glioma, associated 
with wireless phone use, the Department of Telecom, India 
(DoT, 2012) had reduced the limits of RF radiated power from 
base station antennas to one-tenths of the existing level, i.e. 
0.45 and 0.92W/m2 at 800 MHz and 1800 MHz, respectively. 
However, the RF measurements taken in the course of this 
study are higher than these lower limits, and the significantly 
elevated genetic damage in those staying near microwave 
emitters (mobile phone base stations) in the absence of other 
exposures further reinforce the cataclysmic nature of the 
radiations.

In the light of the above observations and the statistically 
significant genetic damage observed in those residing within 
300 m of a mobile phone base station in this study, it implies 
that the effects of radiations from mobile phone base stations 
(in the absence of any other incidental/accidental exposures) 
cannot be overlooked, as unrepaired DNA damage can lead to 
cancer, precocious ageing and age-related effects (Kennedy 
et al., 2012; Bernstein et al., 2013). Such human biomonitor
ing studies should in no way be ignored. Rather, this study is a 
useful contribution to public health risk assessment, while 
more in-depth studies in this direction can help to elucidate 
the mechanism(s) underlying these observations.
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Table 6. Analysis of variance (ANOVA), Pearson’s Correlation and Multiple linear regression analyses in individuals residing in the vicinity of mobile 
phone base station and in controls.

Sample group

ANOVA Multiple linear regression

Control
Genetic damage F Mean Correlation group
parameters Source of variation (variance ratio) square B value t Value r p Value p Value

DF Age 0.532 15.783 0.093 (-0.130-0.278) 0.730 0.093 0.468 0.512

Dietary pattern 0.037
29.650

1.114 -0.025 (-3.030-2.497) -0.193 -0.025 0.848 0.256

Alcohol drinking 0.102
29.890
3.042 -0.041 (-12.772-9.256) -0.319 -0.041 0.751 0.603

Smoking habits 2.164
29.859
62.518 0.185 (-0.882-5.399) 1.471 0.185 0.146 0.943

Mobile phone use 0.254
28.884
7.574 0.064 (-8.226-13.775) 0.504 0.064 0.616 0.000

Distance from base 0.288
29.784

8.567 -0.069 (-0.023-0.013) -0.536 -0.069 0.594
station

Time since residing in 0.225
29.768
6.707 0.061 (-0.517-0.838) 0.474 0.061 0.637

the vicinity of mobile 
phone base station 

Location with respect to 0.082

29.798

2.436 -0.037 (-3.157-2.368) -0.037 -0.286 0.776
base station

Duration of mobile 1.350
29.868
39.227 0.147 (-0.309-1.157) 1.158 0.147 0.251 0.000

phone usage
Daily mobile phone 10.194

29.265
261.227 0.378 (0.588-2.560) 3.193 0.378 0.002 0.000

usage
SAR 1.359 38.600 0.145 (-3.460-12.792) 1.148 0.145 0.225 0.000

Power density 4.801
29.276

133.123 0.270 (0.095-2.077) 2.191 0.270 0.032 0.702

DI Age 2.802
27.726

2255.836 0.210 (-0.173-1.953) 1.674 0.210 0.099 0.603

Dietary pattern 1.143
805.029
944.583 0.136 (-6.763-22.300) 1.069 0.136 0.289 0.201

Alcohol drinking 0.090
826.525
75.764 -0.038 (-67.221-49.673) -0.300 0.038 0.765 0.561

Smoking habits 0.646
840.768
538.300 -0.102 (-23.422-9.991) -0.804 -0.102 0.425 0.938

Mobile phone use 0.260
833.185
217.635 0.065 (-43.49573.237) 0.509 0.065 0.612 0.000

Distance from base 0.332
838.442
278.123 -0.074 (-0.124-0.068) -0.576 -0.074 0.567

station
Time since residing in 1.284

837.450
1058.965 0.144 (-1.545-5.585) 1.133 0.144 0.262

the vicinity of mobile 
phone base station 

Location with respect to 6.204

824.650

4741.528 -0.304 (-31.379-3.432) -2.491 -0.304 0.015
base station

Duration of mobile 0.983
764.280
814.312 0.126 (-1.966-5.832) 0.991 0.126 0.325 0.000

phone usage
Daily mobile phone 1.669

828.661
1367.886 0.163 (-1.973-9.177) 1.292 0.163 0.201 0.000

usage
SAR 0.154

819.586
129.439 0.050 (-34.978-52.067) 0.393 0.050 0.696 0.000

Power density 6.063 4643.473 0.301 (1.205-11.621) 2.462 0.301 0.017 0.472

Mean DNA Age 4.667
765.887
169.158 0.267 (0.018-0.469) 2.160 0.267 0.035 0.250

migration length
Dietary pattern 1.454

39.244
55.393 0.153 (-1.239-5.002) 1.206 0.153 0.233 0.491

Mobile phone use 0.640
38.109
24.713 0.102 (-7.514-17.536) 0.800 0.102 0.427 0.000

Alcohol drinking 0.156
38.611
6.057 -0.050 (-15.056-10.094) -0.395 -0.050 0.695 0.461

Smoking habits 2.217
38.917
83.473 -0.187 (-6.196-0.907) -1.489 0.187 0.142 0.776

Distance from base 0.235
37.648
9.127 -0.062 (-0.026-0.016) -0.485 0.062 0.630

station
1.114

38.867
42.686
38.317

0.134 (-0.363-1.174) 1.055 0.134 0.295 -

(continued)
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Table 6. Continued

Sample group

ANOVA Multiple linear regression

Genetic damage 
parameters Source of variation

F
(variance ratio)

Mean
square B value t Value

Correlation
r p Value

Control 
group 

p Value

Time since residing in 
the vicinity of mobile 
phone base station

Location with respect to 
base station

5.871 208.951
35.591

-0.296 (-6.669-0.638) -2.423 -0.296 0.018 -

Duration of mobile 
phone usage

1.469 55.964
38.099

0.153 (-0.329-1.343) 1.212 0.153 0.230 0.000

Daily mobile phone 
usage

1.506 57.338
38.077

0.155 (-0.464-1.939) 1.227 0.155 0.224 0.461

SAR 0.242 9.401
38.863

0.063 (-7.059-11.665) 0.492 0.063 0.625 0.000

Power Density 6.238 220.821
35.397

0.305 (0.279-2.518) 2.498 0.305 0.015 0.329

DF, damage frequency and DI, damage index. 
Values in bold are significant (p<0.05).
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Abstract

Background: There is a general concern on the possible hazardous health effects of exposure to radiofrequency electromagnetic radiations (RFR) 
emitted from mobile phone base station antennas on the human nervous system.
Aim: To identify the possible neurobehavioral deficits among inhabitants living nearby mobile phone base stations.
Methods: A cross-sectional study was conducted on (85) inhabitants living nearby the first mobile phone station antenna in Menoufiya 
governorate, Egypt, 37 are living in a building under the station antenna while 48 opposite the station. A control group (80) participants were 
matched with the exposed for age, sex, occupation and educational level. All participants completed a structured questionnaire containing: 
personal, educational and medical histories; general and neurological examinations; neurobehavioral test battery (NBTB) [involving tests for 
visuomotor speed, problem solving, attention and memory]; in addition to Eysenck personality questionnaire (EPQ).
Results: The prevalence of neuropsychiatric complaints as headache (23.5%), memory changes (28.2%), dizziness (18.8%), tremors (9.4%), 
depressive symptoms (21.7%), and sleep disturbance (23.5%) were significantly higher among exposed inhabitants than controls: (10%), (5%), 
(5%), (0%), (8.8%) and (10%), respectively (P < 0.05). The NBTB indicated that the exposed inhabitants exhibited a significantly lower 
performance than controls in one of the tests of attention and short-term auditory memory [Paced Auditory Serial Addition Test (PASAT)]. Also, 
the inhabitants opposite the station exhibited a lower performance in the problem solving test (block design) than those under the station. All 
inhabitants exhibited a better performance in the two tests of visuomotor speed (Digit symbol and Trailmaking B) and one test of attention 
(Trailmaking A) than controls. The last available measures of RFR emitted from the first mobile phone base station antennas in Menoufiya 
governorate were less than the allowable standard level.
Conclusions and recommendations: Inhabitants living nearby mobile phone base stations are at risk for developing neuropsychiatric problems and 
some changes in the performance of neurobehavioral functions either by facilitation or inhibition. So, revision of standard guidelines for public 
exposure to RER from mobile phone base station antennas and using of NBTB for regular assessment and early detection of biological effects 
among inhabitants around the stations are recommended.
© 2006 Elsevier Inc. All rights reserved.

Keywords: Neurobehavioral effects; Mobile phone base stations; Radiofrequency radiations (RFR)

1. Introduction

There is a general concern about the possible hazardous health 
effects of exposure to radiofrequency radiations (RFR) emitted 
from mobile phone base station antennas. Disturbance of the 
nervous system leads to behavioral changes and may serve as an 
early indicator of disturbances in regulatory functions of many

* Corresponding author. Tel.: +20482951291; fax: +20482950240. 
E-mail address: gaafar17@yahoo.com (G. Abdel-Rassoul).

0161-813X/$ - see front matter © 2006 Elsevier Inc. All rights reserved. 
doi:10.1016/j.neuro.2006.07.012

systems (Lai and Singh, 1994). Exposure of the neural tissue to 
RFR can cause electrophysiological changes in the nervous 
system (Navakatikian and Tomashevskaya, 1994; Velizarov 
et al., 1999). Some studies have suggested that RFR induce tissue 
heating leads to tissue damage (Gajsek et al., 2002; Preece et al., 
1999). Some effects are observed among mobile phone users at 
low intensity and after repeated exposure (Hyland, 2000). The 
efflux of calcium ions from brain tissue is an important 
neurochemical effect of RFR as calcium ion plays an important 
role in the functions of the nervous system such as the release of 
neurotransmitters (Dutta et al., 1989). Experimental studies on
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rats indicated that both cholinergic and endogenous opioid 
transmitter systems inside the central nervous system are 
involved in the RFR-induced spatial working memory deficit 
(Lai et al., 1990, 1994). Moreover, RFR activate endogenous 
opioids in the brain, which in turn cause a decrease in cholinergic 
activity leading to short-term memory deficit. The stress 
hormone “corticotropin releasing factor’’ is also involved (Lai 
et al., 1994).

The emissions of a mobile phone base station are usually 
described by its effective radiated power which is given in Watts 
(W) (Nousir, 2002). The intensity of RFR is called the power 
density and is measured in (mW/cm2). However, the specific 
absorption rate (SAR) that is measured in (W/kg) of tissue is a 
more reliable determinant and index for RFR biological effects 
than power densities as SARs reflect what is actually being 
absorbed rather than the energy quotient in space (Lai, 2000).

There are national and international safety guidelines for 
public exposure to RFR produced by mobile phone base 
stations. The Egyptian standard follows the ANSI/IEEE (1992), 
the permissible level of radiation power density is less than 
0.4 mW/cm2 (Egyptian Protocol of Criteria for Construction of 
Mobile Phone Base Stations, 2000).

Increased concern by the public about the safety and potential 
health effects at the appearance of a multitude of cellular 
transmitter antennas on the buildings and fear of unknown make 
it necessary to provide an answer to the question about safety of 
mobile phone base stations. So this study aimed to identify the 
possible neurobehavioral deficits among inhabitants living 
nearby the first mobile base station in Menoufiya governorate. 
To the best of our knowledge, no similar studies were carried out 
in Egypt till now, but other studies all over the world were 
performed mainly about safety of cellular phone use.

2. Subjects and methods

This cross-sectional study was conducted during the period 
from March to December 2003, included inhabitants living in 
and opposite to the building where the first mobile phone base 
station was constructed in Shebin El-Kom City (Menoufiya 
governorate) in 1998 (Fig. 1). The base station consists of three 
antennas and a shelter which contains an electric power station 
and the cables for the base station antennas (Fig. 2).

Eighty-five exposed individuals completed the study. Thirty- 
seven were current inhabitants living under the mobile phone 
base station antennas, while the other forty-eight were 
employees and agriculture engineers working in agricultural 
directorate building approximately 10 m opposite to the station. 
A control group constituted of 80 employees and engineers of a 
Shebin El-Kom agricultural administration building located 
approximately 2 km from the designated mobile phone base 
station was chosen and completed the study. They were 
matched for age, sex, occupation (employees and agriculture 
engineers), education level and mobile phone use. Consent 
forms were signed by all participants as they were volunteers, 
they were asked to do their best during testing. Approval and 
support from the ethical committee at Menoufiya Faculty of 
Medicine were obtained. None of the participants was informed

Fig. 1. The mobile phone base station antennas upon the building for agri
cultural professions.

about the purpose of the study so as to exclude any malingering 
effects. They were informed about the purpose of the study at 
the end. The average exposure time for RFR was 8 h for 
employees in the building underneath the antenna and 15 h for 
inhabitants of the building opposite the antenna. None of the 
controls lived near an antenna. The exclusion criteria were 
based on personal and medical histories including those having 
epilepsy, psychiatric disorders or specific cause of headache. 
The tools used to collect data were:

(A) Questionnaire: included data about personal, occupational 
and medical histories and neuropsychiatric complaints such 
as headache, irritability, memory changes, tremors, dizzi
ness, blurred vision, and depressive symptoms (sensation of 
sadness) (Abdel Gawad, 1972). The questionnaire clearly

Fig. 2. The antenna of a mobile phone base station upon the building.



436 G. Abdel-Rassoul et al./NeuroToxicology 28 (2007) 434—440

Table 1
Personal characteristics of exposed and control participants

Personal characteristics Exposed (n = 85) mean ± S.D. Controls (n = 80) mean ± S.D. Test of significance P-value

Age (years) 38.23 ± 14.56 39.88 ± 15.29 t-Test = 0.98 >0.05

No % No %

Sex
Male 48 56.50 47 58.75 X2 = 0.09 >0.05
Female 37 43.50 33 41.25

Education level
Basic 3 3.50 0 0.00 X2 = 2.96 >0.05
Secondary 34 40.00 35 43.75
University 48 56.50 45 56.25

Smoking
Smokers 4 4.70 7 8.75 X2 = 1.08 >0.05
Nonsmokers 81 95.30 73 91.25

Mobile phone use
Users 10 11.76 8 10.00 X2 = 0.01 >0.05
Non-users 75 88.24 72 90.00

Exposed and controls were of the same age, sex, educational levels, smoking habits and mobile phone use (P > 0.05).

stated the confidentiality of the response with no identifica
tion of names or contact information.

(B) Clinical examination: including general and local neuro
logical examination.

(C) Neurobehavioral test battery (NBTB) (Lezak, 1995; 
Wechsler, 1981): a series of eight neurobehavioral tests 
translated into Arabic by Meleka (1991) was used. They 
included tests of: (1) Visuomotor Speed (Digit Symbol and 
Trailmaking B), (2) problem solving (block design), (3) 
attention and short-term auditory memory (PASAT, Letter 
Cancellation and Trailmaking A), (4) memory [(Digit Span 
forward and backward and Benton Visual Retention Test 
(BVRT)]. In addition to this NBTB, Eysenck Personality 
Questionnaire (EPQ) (Eysenck, 1990) was used to measure 
personality domains. Better performance is evaluated by 
higher scores obtained on tests of Digit Symbol, Block 
Design, PASAT, Digit Span and BVRT, while lower latency 
or time to complete Trailmaking parts A and B tests 
indicated better performance.

(D) Environmental measures: the most recent measures at the 
start of the study for the power density (mW/cm2) of 
mobile phone base station antennas under the study done 
by the National Telecommunication Institute at the year 
2000 were considered.

2.1. Statistical analysis

Data were collected, tabulated and statistically analyzed 
using chi-square (x2) and student t-tests and analysis of 
covariance (ANCOVA) for comparison between groups at 5% 
level of significance.

3. Results

Eighty-five exposed participants (56.5% males and 43.5% 
females) with a mean age (38.2 ± 14.5 years) were matched

with 80 controls (58.7% males and 43.3% females) with a mean 
age (39.8 ± 15.2 years) (P > 0.05). They were also matched 
regarding sex distribution, education level, smoking and mobile 
phone use (P > 0.05, Table 1). Although both exposed and 
control groups did not differ significantly on studying these 
variables, the analysis of covariance (ANCOVA) was used to 
adjust for their influence as they are confounders for 
neurobehavioral performance. ANCOVA confirmed the same 
deficits as the t-test comparisons.

Table 2
Measurements of power density for mobile phone base station antennas upon 
the building under the study by National Telecommunication Institute (NTI, 
2000)

Site of measurement Power density 
(mW/cm2)

The maximum permissible 
level for continuous 
exposure (mW/cm2)

Antenna 1
1 0.0020 0.0080
2 0.0024 0.0080
3 0.0063 0.0080

Antenna 2
1 0.0033 0.0080
2 0.0032 0.0080
3 0.0026 0.0080
4 0.0067 0.0080
5 0.0024 0.0080

Antenna 3:
1 0.0055 0.0080
2 0.0039 0.0080
3 0.0027 0.0080

Inside the shelter 0.0001 0.0080
At different sites 0.0001 0.0080
Within the apartment 0.0001 0.0080

below antenna 1

NB: The maximum permissible level for intermittent exposure is 0.4 mW/cm2 
that decreased to 0.0080 mW/cm2 for continuous exposure (Egyptian Protocol 
of Criteria for Construction of Mobile Phone Stations, 2000).
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Table 3
Neurological complaints among exposed and controls
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Neurological complaints Exposed (N =85), N (%) Controls (N =80), N (%) j2 P-value OR [95% CI]

Headache 20 (23.5) 8 (10.5) 4.44 <0.05 2.77 [1.06-7.4]
Memory changes 24 (28.2) 4 (5.0) 14.19 <0.001 7.48 [2.29-26.98]
Tremors 8 (9.4) 0 (0.0) Fisher exact <0.01 -
Dizziness 16 (18.8) 4 (5.0) 6.15 <0.01 4.41 [1.29-16.46]
Depressive symptoms 18 (21.7) 7 (8.8) 4.03 <0.05 2.8 [1.02-7.94]
Blurred vision 19 (22.3) 12 (15.0) 1.02 >0.05 1.63 [0.69-3.91]
Sleep disturbance 20 (23.5) 8 (10.0) 4.44 <0.05 2.77 [1.06-7.4]
Irritability 23 (27.1) 16 (20.0) 0.78 >0.05 1.48 [0.68-3.27]
Lack of concentration 14 (16.5) 8 (10.0) 0.99 >0.05 1.77 [0.65-4.97]

Fischer exact test was used as the calculated expected number in this cell was lower than five.

The last available measures of RFR from the mobile phone 
base stations antennas from the building in the study were less 
than the allowable standard level (0.4 mW/cm2) (Table 2) in the 
year 2000. The numbers 1-5 indicate the sites at which the 
measures on a specific antenna were taken. The shelter was an 
enclosed room containing an electric power station and the 
cables for the base station antenna. The tower is a building of 12 
stories. No measures were available for the buildings across the 
street or from the control building.

The prevalence of headache (23.5%), memory changes 
(28.2%), tremors (9.4%), dizziness (18.8%), depressive 
symptoms (21.7%) and sleep disturbances (23.5%) among 
exposed subjects were significantly higher than controls (10%, 
5%, 0%, 5%, 8.8% and 10%; respectively) (P < 0.05, Table 3). 
The only difference between the exposed participants under the 
station as opposed to those working opposite it was in the 
prevalence of sleep disturbance (10.8% and 31.3%, respec
tively) (P < 0.05, Table 4).

The exposed participants exhibited a significantly poorer 
performance than controls in one test of attention and short
term auditory memory (PASAT), but they exhibited signifi
cantly better performance than controls in tests of visuomotor 
speed (Digit Symbol and Trailmaking B) (P < 0.01) and one 
test of attention (Trailmaking A) (P < 0.001). The difference in 
scores in Trailmaking A was so high and these scores were 
verified again and no numerical errors were found. There was 
no significant difference between exposed and controls in the

score of EPQ scale (P > 0.05, Table 5). The exposed 
participants opposite to the station exhibited a significantly 
lower performance in the problem solving (Block Design) than 
those living under the station (P < 0.05, Table 6).

4. Discussion

The extensive use of mobile phones has been accompanied 
by public debate about possible adverse effects on human 
health. However, little is known about the effects of long-term 
exposure that is experienced by people living near mobile 
phone base stations (Bortkiewicz et al., 2004).

The last available measurements of RFR emitted from 
mobile phone base station antennas under the study in the year 
2000 were less than the Egyptian allowable standard level 
(0.4 mW/cm2). However, the level of exposure to RFR 
increases or decreases according to the number of phone calls 
from different parts of country or other countries. The number 
of subscribers in mobile phone service increased approximately 
four times within 2 years from about 1,575,000 (2.5% of the 
Egyptian population) in the year 2000 at the time of the 
previously measured levels to about 7,000,000 (9.5% of the 
Egyptian population) in the year 2002 (El-Mesairy, 2002) just 
before the beginning of this study in the year 2003. 
Consequently, it is expected that the previously mentioned 
levels of exposure to RFR in the year 2000 were higher at the 
time of the study.

Table 4
Neurological complaints among inhabitants living under and opposite the station

Neurological complaints Inhabitants

Opposite the station
(N = 48), N (%)

Under the station 
(N =37), N (%)

x2 P-value OR [95% CI]

Headache 15 (31.3) 5 (13.5) 2.73 >0.05 2.91 [0.85-10.47]
Memory changes 12 (25.0) 12 (32.4) 0.26 >0.05 0.69 [0.24-1.99]
Tremors 4 (8.3) 4 (10.8) 0.00 >0.05 0.75 [0.14-3.92]
Dizziness 9 (18.8) 7 (18.9) 0.07 >0.05 0.99 [0.29-3.38]
Depressive symptoms 9 (18.8) 8 (21.6) 0.10 >0.05 0.84 [0.25-2.75]
Blurred vision 12 (25.0) 7 (18.9) 0.16 >0.05 1.43 [0.45-4.65]
Sleep disturbance 15 (31.3) 4 (10.8) 3.92 <0.05 3.75 [1.01-15.09]
Irritability 16 (33.3) 7 (18.9) 1.53 >0.05 2.14 [0.7-6.74]
Lack of concentration 9 (18.8) 5 (13.5) 0.12 >0.05 1.48 [0.4-5.71]
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Table 5
Mean ± S.D. of neurobehavioral performance and personality scores of exposed and controls

Neurobehavioral tests Exposed (n = 85)

X ±S.D.

Controls (n = 80)

X ±S.D.

t-Test P

Performance tests
Visuomotor speed

Digit symbol 41.43 11.91 31.30 11.98 3.19 <0.01
Trailmaking B 84.79 21.88 108.40 39.49 3.16 <0.01

Problem solving
Block design 24.32 7.23 24.15 5.25 0.10 >0.05

Attention
PASAT 12.20 4.20 15.47 5.49 4.31 <0.001
Letter cancel 30.28 5.20 31.56 5.92 1.35 >0.05
Trailmaking A (s) 26.10 21.43 88.25 25.46 3.84 <0.001

Memory
Digit span forward 6.40 1.69 7.05 2.50 1.21 >0.05
Digit span backwards 2.60 0.82 2.37 0.89 1.73 >0.05
Digit span total 9.09 2.82 9.42 3.78 0.38 >0.05
BVRT 4.48 1.62 3.95 0.97 1.36 >0.05

Eysenck personality questionnaire (EPQ)
P (psychoticism) 7.04 1.73 7.40 2.10 1.20 >0.05
C (criminality) 12.69 3.60 13.58 4.39 0.86 >0.05
N (neuroticism) 10.84 3.93 12.20 4.14 1.29 >0.05
E (extroversion) 10.82 3.62 10.85 3.95 0.38 >0.05
L (lie) 15.45 4.18 10.10 3.45 0.62 >0.05

On studying the prevalence of neurological complaints 
among exposed subjects and controls, headache, memory 
changes, tremors, dizziness, depressive symptoms and sleep 
disturbance were significantly higher among exposed (23.5%, 
28.2%, 9.4%, 18.8%, 21.7% and 23.5%, respectively) than 
controls (10%, 5%, 0%, 5%, 8.8% and 10%, respectively) 
(P < 0.05). These results agree with Santini et al. (2002) who 
found that the frequency of headache, loss of memory, 
irritability, dizziness, depression and sleep disturbance was

significantly higher among people living near cellular phone 
base stations (25.4%, 27.6%, 4.5%, 4%, 9.2% and 4.1%, 
respectively) than controls (P < 0.05). Also, Frey (1998) and 
Leif (2003) observed various complaints mostly of sleep 
disturbance, irritability, depression, headache, vertigo and 
concentration difficulties among people living near mobile base 
stations.

On comparing exposed inhabitants living in the building 
under the station with those opposite the station regarding

Table 6
Mean ± S.D. of neurobehavioral performance score of inhabitants living under and opposite the station

Performance tests Inhabitants (n = 85) Student’s t-test P

Under the station (n = 37) Opposite the station (n = 48)

X ±S.D. X ±S.D.

Visuomotor speed
Digit symbol 42.24 12.67 40.79 11.72 0.41 >0.05
Trailmaking B 89.52 24.95 81.35 19.16 0.11 >0.05

Problem solving
Block design 27.57 4.61 21.37 7.97 3.23 <0.01

Attention
PASAT 11.69 1.73 12.25 2.10 1.80 >0.05
Letter cancel 32.31 5.43 33.15 5.65 0.52 >0.05
Trailmaking A (s) 65.24 24.16 56.96 19.24 0.11 >0.05

Memory
Digit span forward 6.63 0.57 6.30 1.77 0.63 >0.05
Digit span backward 3.21 1.02 2.90 0.75 1.43 >0.05
Digit span total 9.84 2.29 9.20 2.61 1.68 >0.05
BVRT 4.57 1.33 4.40 1.88 0.35 >0.05
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neurological complaints, there was a significant increase in the 
prevalence of sleep disturbance among the inhabitants opposite 
to the station (31.3% versus 10.8%) (P < 0.05). This could be 
explained by the fact that the concrete roof can soak up to 
5-30% of the radiation from the antennas, so the levels of 
radiation in the building under the station may be lower than 
opposite and pose fewer hazards (El-Mesairy, 2002; Knave, 
2001).

On studying the neurobehavioral performance using NBTB 
and personality domains using (EPQ) scale, the exposed 
participants exhibited a significantly better performance than 
controls in tests of visuomotor speed (Digit Symbol and Trail 
making B) and one test of attention (Trail making A) than 
controls, but they exhibited a poorer performance in PASAT 
test (which measures attention and short-term auditory 
memory) than controls. Better performance is evaluated by 
higher scores obtained on tests of Digit Symbol, Block Design, 
PASAT, Digit Span and BVRT, by contrast: lower latency or 
time to complete Trailmaking parts A and B tests indicated 
better performance.

The better performance in some neurobehavioral tests in 
this study agreed with Koivisto et al. (2000) and Lee et al. 
(2001) who suggested that the electromagnetic field emitted by 
cellular telephones may have a facilitatory effect on brain 
functioning. On the other hand, responses of central nervous 
system to RFR could be a stress response (Duan et al., 1998; 
Lai and Singh, 1997). Stress effects are well known to 
accumulate over time and involve first adaptation and then an 
eventual breakdown of homeostatic processes. Moreover, Lai 
et al. (1990, 1994) experimental studies on rats indicated that 
RFR can activate endogenous opioids in the brain, which in 
turn cause a decrease in cholinergic activity leading to short
term memory deficit. The stress hormone “corticotropin 
releasing factor’’ is also involved. This may explain the lower 
performance of exposed subjects in PASAT test in this study. 
On the other hand, on studying the personality domains using 
(EPQ) scores, there was no difference between exposed 
inhabitants and controls in the present study regarding these 
scores. This may be explained by the fact of the presence of 
relatively low levels and short duration of exposure (about 5 
years) to RFR since the establishment of the base station under 
the study, a matter which needs a further wide scale research to 
be verified.

5. Conclusion and recommendations

The inhabitants around mobile base station antennas 
significantly complain or develop headache, memory changes, 
tremors, dizziness, depressive symptoms and sleep disturbance 
than controls. Also, there are some effects of RFR emitted from 
these antennas on neurobehavioral performance. Therefore, the 
study recommends:

(1) Annual monitoring of RFR emitted from the mobile phone
base station antennas should be carried out as their values
may become higher due to the expected extensive future use
of mobile phones and hence more activity and more arising

emissions leading to increase in incidence and severity of 
neurobehavioral disorders among inhabitants around these 
stations. At the same time, this will clarify controversies 
met with in this study regarding scores of some NB tests for 
exposed inhabitants.

(2) For inhabitants near mobile phone base station, NBTB can 
be used as a useful non-invasive tool for assessment and 
early detection of subtle effects of exposure to RFR.

(3) Further follow up wide scale studies for those inhabitants 
exposed for longer durations to RFR arising from mobile 
phone base stations should be done to clarify if there is an 
actual positive association and/or causation between 
exposure and either of the development of neurobehavioral 
complaints or NBTB and personality changes so as to cut 
off the challenge of presence of controversies in the results 
done in this field all over the world.
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Studies that show Cell Tower Health Effects

Cancer

Wolf R, Wolf D. Increased incidence of cancer near a cell-phone transmitter station. 
Inter J Cancer Prev 1(2):123-128, 2004.
Significant concern has been raised about possible health effects from exposure to 
radiofrequency (RF) electromagnetic fields, especially after the rapid introduction of 
mobile telecommunication systems. Parents are especially concerned with the 
possibility that children might develop cancer after exposure to the RF emissions from 
mobile telephone base stations erected in or near schools. The few epidemiologic 
studies that did report on cancer incidence in relation to RF radiation have generally 
presented negative or inconsistent results, and thus emphasized the need for more 
studies that should investigate cohorts with high RF exposure for changes in cancer 
incidence. The aim of this study is to investigate whether there is an increased cancer 
incidence in populations, living in a small area, and exposed to RF radiation from a cell
phone transmitter station.
This is an epidemiologic assessment, to determine whether the incidence of cancer 
cases among individuals exposed to a cell-phone transmitter station is different from 
that expected in Israel, in Netanya, or as compared to people who lived in a nearby 
area. Participants are people (n=622) living in the area near a cell-phone transmitter 
station for 3-7 years who were patients of one health clinic (of DW). The exposure 
began 1 year before the start of the study when the station first came into service. A 
second cohort of individuals (n=1222) who get their medical services in a clinic located 
nearby with very closely matched, environment, workplace and occupational 
characteristics was used for comparison.
In the area of exposure (area) eight cases of different kinds of cancer were diagnosed in 
a period of only one year. This rate of cancers was compared both with the rate of 31 
cases per 10,000 per year in the general population and the 2/1222 rate recorded in the 
nearby clinic (area B). Relative cancer rates for female were 10.5 for area A. 0.6 for area 
B and 1 for the whole town of Netanya. Cancer incidence of women in area A was thus 
significantly higher (p<0.0001) compared with that of area B and the whole city. A 
comparison of the relative risk revealed that there were 4.15 times more cases in area 
than in the entire population. The study indicates an association between increased 
incidence of cancer and living in proximity to a cell-phone transmitter station.

Yakymenko I, Sidorik E, Kyrylenko S, Chekhun V. Long-term exposure to microwave 
radiation provokes cancer growth: evidences from radars and mobile communication 
systems.Exp Oncol. 33(2):62-70, 2011.
In this review we discuss alarming epidemiological and experimental data on possible 
carcinogenic effects of long term exposure to low intensity microwave (MW) radiation. 
Recently, a number of reports revealed that under certain conditions the irradiation by 
low intensity MW can substantially induce cancer progression in humans and in animal 
models. The carcinogenic effect of MW irradiation is typically manifested after long 
term (up to 10 years and more) exposure. Nevertheless, even a year of operation of a
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powerful base transmitting station for mobile communication reportedly resulted in a 
dramatic increase of cancer incidence among population living nearby. In addition, 
model studies in rodents unveiled a significant increase in carcinogenesis after 17-24 
months of MW exposure both in tumor-prone and intact animals. To that, such 
metabolic changes, as overproduction of reactive oxygen species, 8-hydroxi-2- 
deoxyguanosine formation, or ornithine decarboxylase activation under exposure to low 
intensity MW confirm a stress impact of this factor on living cells. We also address the 
issue of standards for assessment of biological effects of irradiation. It is now becoming 
increasingly evident that assessment of biological effects of non-ionizing radiation based 
on physical (thermal) approach used in recommendations of current regulatory bodies, 
including the International Commission on Non-Ionizing Radiation Protection (ICNIRP) 
Guidelines, requires urgent reevaluation. We conclude that recent data strongly point to 
the need for re-elaboration of the current safety limits for non-ionizing radiation using 
recently obtained knowledge. We also emphasize that the everyday exposure of both 
occupational and general public to MW radiation should be regulated based on a 
precautionary principles which imply maximum restriction of excessive exposure.

Michelozzi P, Ancona C, Fusco D, Forastiere F, Perucci CA, Risk of leukemia and 
residence near a radio transmitter in Italy. Epidemiology 9 (Suppl) 354p, 1998.
We conducted a small area study to investigate a cluster of leukemia near a high power 
radio-transmitter in a peripheral area of Rome. The leukemia mortality within 3.5 km 
(5,863 inhabitants) was higher than expected (SMR=2.5, 95% confident interval 1.07
4.83); the excess was due to a significant higher mortality among men (7 cases 
observed, SMR=3.5). The results of the Stone's test, after adjusting for socio-economic 
confounding, showed a significant decline in risk with distance from the transmitter only 
among men (p=0.005), whereas the p-value for both sexes was p=0.07.

Lourencini da Silva R , Albano F, Lopes dos Santos LR , Tavares AD, Felzenszwalb I, The 
effect of electromagnetic field exposure on the formation of DNA lesions. Redox Rep 
5(5):299-301, 2000.
In an attempt to determine whether electromagnetic field (EMF) exposure might lead to 
DNA damage, we exposed SnCl2-treated pBR322 plasmids to EMF and analysed the 
resulting conformational changes using agarose gel electrophoresis. An EMF-dependent 
potentiation of DNA scission (i.e. the appearance of relaxed plasmids) was observed. In 
confirmation of this, plasmids pre-exposed to EMF also were less capable of 
transforming Escherichia coli. The results indicate that EMF, in the presence of a 
transition metal, is capable of causing DNA damage. These observations support the 
idea that EMF, probably through secondary generation of reactive oxygen species, can 
be clastogenic and provide a possible explanation for the observed correlation between 
EMF exposure and the frequency of certain types of cancers in humans.

Li CY, Liu CC, Chang YH, Chou LP, Ko MC. A population-based case-control study of 
radiofrequency exposure in relation to childhood neoplasm. Sci Total Environ. 435
436:472-478, 2012.
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This population-based case-control study in Taiwan considered incident cases aged 15 
years or less and admitted in 2003 to 2007 for all neoplasm (ICD-9-CM: 140-239) 
(n=2606), including 939 leukemia and 394 brain neoplasm cases. Controls were 
randomly selected, with a case/control ratio of 1:30 and matched on year of birth, from 
all non-neoplasm children insured in the same year when the index case was admitted. 
Annual summarized power (ASP, watt-year) was calculated for each of the 71,185 
mobile phone base stations (MPBS) in service between 1998 and 2007. Then, the annual 
power density (APD, watt-year/km(2)) of each township (n=367) was computed as a 
ratio of the total ASP of all MPBS in a township to the area of that particular township. 
Exposure of each study subject to radio frequency (RF) was indicated by the averaged 
APD within 5 years prior to the neoplasm diagnosis (cases) or July 1st of the year when 
the index case was admitted (controls) in the township where the subject lived. 
Unconditional logistic regression model with generalized estimation equation was 
employed to calculate the covariate-adjusted odds ratio [AOR] of childhood neoplasm in 
relation to RF exposure. A higher than median averaged APD (approximately 168 
WYs/km(2)) was significantly associated with an increased AOR for all neoplasms (1.13; 
1.01 to 1.28), but not for leukemia (1.23; 0.99 to 1.52) or brain neoplasm (1.14, 0.83 to 
1.55). This study noted a significantly increased risk of all neoplasms in children with 
higher-than-median RF exposure to MPBS. The slightly elevated risk was seen for 
leukemia and brain neoplasm, but was not statistically significant. These results may 
occur due to several methodological limitations.

Johnson EH, Chima SC, Muirhead DE, A cerebral primitive neuroectodermal tumor in a 
squirrel monkey (Saimiri sciureus). J Med Primatol 28(2):91-96, 1999.
An adult squirrel monkey with a history of long-term exposure to microwave radiation 
was found at necropsy to have a malignant tumor of the right cerebral cortex. Gross 
examination revealed a mass with expanding borders in the right frontoparietal cortex 
with compression of the adjacent lateral ventricle. Microscopy revealed a tumor 
composed of sheets of moderate-sized cells, resembling an oligodendroglioma, with 
clear cytoplasm and central nuclei interrupted by delicate vasculature. Malignant 
features were present in the form of marked nuclear pleomorphism, frequent mitotic 
figures, and focal necrosis. A neuronal cell origin for this tumor was supported by 
immunohistochemical analysis, which revealed immunopositivity for neurofilament 
proteins and neuron-specific enolase. Staining for vimentin and glial fibrillary acid 
protein was negative, except in reactive astrocytes at the tumor margins and adjacent 
to intra-tumoral blood vessels. Antibody activity against Ki-67 antigen, a marker of 
rapidly proliferating tumor cells, and p53 oncoprotein was strongly positive, indicative 
of the aggressive and malignant nature of this tumor. The tumor was diagnosed as a 
cerebral primitive neuroectodermal tumor.

Neurological Effects

Khurana VG, Hardell L, Everaert J, Bortkiewicz A, Carlberg M, Ahonen M.
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Epidemiological evidence for a health risk from mobile phone base stations.Int J Occup 
Environ Health. 16(3):263-267, 2010.
Human populations are increasingly exposed to microwave/radiofrequency (RF) 
emissions from wireless communication technology, including mobile phones and their 
base stations. By searching PubMed, we identified a total of 10 epidemiological studies 
that assessed for putative health effects of mobile phone base stations. Seven of these 
studies explored the association between base station proximity and neurobehavioral 
effects and three investigated cancer. We found that eight of the 10 studies reported 
increased prevalence of adverse neurobehavioral symptoms or cancer in populations 
living at distances < 500 meters from base stations. None of the studies reported 
exposure above accepted international guidelines, suggesting that current guidelines 
may be inadequate in protecting the health of human populations. We believe that 
comprehensive epidemiological studies of long-term mobile phone base station 
exposure are urgently required to more definitively understand its health impact.

Hocking B, Westerman R. Neurological abnormalities associated with CDMA exposure. 
Occup Med (Lond) 51(6):410-413, 2001.
Dysaesthesiae of the scalp and neurological abnormality after mobile phone use have 
been reported previously, but the roles of the phone per se or the radiations in causing 
these findings have been questioned. We report finding a neurological abnormality in a 
patient after accidental exposure of the left side of the face to mobile phone radiation 
[code division multiple access (CDMA)] from a down-powered mobile phone base 
station antenna. He had headaches, unilateral left blurred vision and pupil constriction, 
unilateral altered sensation on the forehead, and abnormalities of current perception 
thresholds on testing the left trigeminal ophthalmic nerve. His nerve function recovered 
during 6 months follow-up. His exposure was 0.015-0.06 mW/cm(2) over 1-2 h. The 
implications regarding health effects of radiofrequency radiation are discussed.

Abdel-Rassoul G, El-Fateh OA, Salem MA, Michael A, Farahat F, El-Batanouny M, Salem 
E. Neurobehavioral effects among inhabitants around mobile phone base stations. 
Neurotoxicology. 28(2):434-40, 2007.
BACKGROUND: There is a general concern on the possible hazardous health effects of 
exposure to radiofrequency electromagnetic radiations (RFR) emitted from mobile 
phone base station antennas on the human nervous system. AIM: To identify the 
possible neurobehavioral deficits among inhabitants living nearby mobile phone base 
stations. METHODS: A cross-sectional study was conducted on (85) inhabitants living 
nearby the first mobile phone station antenna in Menoufiya governorate, Egypt, 37 are 
living in a building under the station antenna while 48 opposite the station. A control 
group (80) participants were matched with the exposed for age, sex, occupation and 
educational level. All participants completed a structured questionnaire containing: 
personal, educational and medical histories; general and neurological examinations; 
neurobehavioral test battery (NBTB) [involving tests for visuomotor speed, problem 
solving, attention and memory]; in addition to Eysenck personality questionnaire (EPQ). 
RESULTS: The prevalence of neuropsychiatric complaints as headache (23.5%), memory
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changes (28.2%), dizziness (18.8%), tremors (9.4%), depressive symptoms (21.7%), and 
sleep disturbance (23.5%) were significantly higher among exposed inhabitants than 
controls: (10%), (5%), (5%), (0%), (8.8%) and (10%), respectively (P<0.05). The NBTB 
indicated that the exposed inhabitants exhibited a significantly lower performance than 
controls in one of the tests of attention and short-term auditory memory [Paced 
Auditory Serial Addition Test (PASAT)]. Also, the inhabitants opposite the station 
exhibited a lower performance in the problem solving test (block design) than those 
under the station. All inhabitants exhibited a better performance in the two tests of 
visuomotor speed (Digit symbol and Trailmaking B) and one test of attention 
(Trailmaking A) than controls. The last available measures of RFR emitted from the first 
mobile phone base station antennas in Menoufiya governorate were less than the 
allowable standard level. CONCLUSIONS AND RECOMMENDATIONS: Inhabitants living 
nearby mobile phone base stations are at risk for developing neuropsychiatric problems 
and some changes in the performance of neurobehavioral functions either by 
facilitation or inhibition. So, revision of standard guidelines for public exposure to RER 
from mobile phone base station antennas and using of NBTB for regular assessment and 
early detection of biological effects among inhabitants around the stations are 
recommended.

Akbari A, Jelodar G, Nazifi S. Vitamin C protects rat cerebellum and encephalon from 
oxidative stress following exposure to radiofrequency wave generated by a BTS 
antenna model. Toxicol Mech Methods. 24(5):347-352, 2014.
Radio frequency wave (RFW) generated by base transceiver station has been reported 
to produce deleterious effects on the central nervous system function, possibly through 
oxidative stress. This study was conducted to evaluate the effect of RFW-induced 
oxidative stress in the cerebellum and encephalon and the prophylactic effect of vitamin 
C on theses tissues by measuring the antioxidant enzymes activity, including: 
glutathione peroxidase, superoxide dismutase, catalase, and malondialdehyde (MDA). 
Thirty-two adult male Sprague-Dawley rats were randomly divided into four equal 
groups. The control group; the control-vitamin C group received L-ascorbic acid 
(200 mg/kg of body weight/day by gavage) for 45 days. The RFW group was exposed to 
RFW and the RFW+ vitamin C group was exposed to RFW and received vitamin C. At the 
end of the experiment, all groups were killed and encephalon and cerebellum of all rats 
were removed and stored at -70 °C for measurement of antioxidant enzymes activity 
and MDA. The results indicate that exposure to RFW in the test group decreased 
antioxidant enzymes activity and increased MDA compared with the control groups 
(p < 0.05). The protective role of vitamin C in the treated group improved antioxidant 
enzymes activity and reduced MDA compared with the test group (p < 0.05). It can be 
concluded that RFW causes oxidative stress in the brain and vitamin C improves the 
antioxidant enzymes activity and decreases MDA.

Bak M, Dudarewicz A, Zmyslony M, Sliwinska-Kowalska M. Effects of GSM signals 
during exposure to event related potentials (ERPs). Int J Occup Med Environ Health. 
23(2):191-199, 2010.
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Objectives: The primary aim of this work was to assess the effect of electromagnetic 
field (EMF) from the GSM mobile phone system on human brain function. The 
assessment was based on the assay of event related potentials (ERPs). Material and 
Methods: The study group consisted of 15 volunteers, including 7 men and 8 women. 
The test protocol comprised determination of P300 wave in each volunteer during 
exposure to the EMF. To eliminate possible effects of the applied test procedure on the 
final result, the test was repeated without EMF exposure. P300 latency, amplitude, and 
latency of the N1, N2, P2 waves were analysed. Results: The statistical analysis revealed 
an effect of EMF on P300 amplitude. In the experiment with EMF exposure, lower P300 
amplitudes were observed only at the time in which the volunteers were exposed to 
EMF; when the exposure was discontinued, the values of the amplitude were the same 
as those observed before EMF application. No such change was observed when the 
experiment was repeated with sham exposure, which may be considered as an indirect 
proof that lower P300 amplitude values were due to EMF exposure. No statistically 
significant changes were noted in the latencies of the N1, N2, P2 waves that precede the 
P300 wave, nor in the latency of the P300 itself. Conclusions: The results suggest that 
exposure to GSM EMF exerts some effects on CNS, including effects on long latency 
ERPs.

Hinrichs H, Heinze HJ.Effects of GSM electromagnetic field on the MEG during an 
encoding-retrieval task. Neuroreport. 15(7):1191-1194, 2004.
Potential effects of GSM 1800 electromagnetic fields (EMF) on verbal memory encoding 

were investigated by recording event-related magnetic fields (ERMF) from the brain 
during subsequent memory retrieval. Twelve normal subjects participated in the study. 
After encoding words from a study list presented in the first phase they had to 
discriminate old from new words mixed together in a test list presented during the 
second phase. All subjects performed two experimental sessions, one with exposure to 
EMF during the study phase, and one without. Exposure to EMF changed an early (350
400 ms) task-specific component of the ERMF indicating an interference of EMF and 
item encoding. Behavioural measures were not significantly affected. Adverse health 
effects cannot be derived from these data.

Effects on Reproductive Organs and Fertility Effects

Magras, IN, Xenos, TD, RF radiation-induced changes in the prenatal development of 
mice. Bioelectromagnetics 18(6):455-461, 1997.
The possible effects of radiofrequency (RF) radiation on prenatal development has been 
investigated in mice. This study consisted of RF level measurements and in vivo experiments 
at several places around an "antenna park." At these locations RF power densities between 
168 nW/cm2 and 1053 nW/cm2 were measured. Twelve pairs of mice, divided in two 
groups, were placed in locations of different power densities and were repeatedly mated five 
times. One hundred eighteen newborns were collected. They were measured, weighed, and 
examined macro- and microscopically. A progressive decrease in the number of newborns
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per dam was observed, which ended in irreversible infertility. The prenatal development of 
the newborns, however, evaluated by the crown-rump length, the body weight, and the 
number of the lumbar, sacral, and coccygeal vertebrae, was improved.

Jelodar G, Nazifi S, Akbari A. The prophylactic effect of vitamin C on induced oxidative 
stress in rat testis following exposure to 900 MHz radio frequency wave generated by 
a BTS antenna model. Electromagn Biol Med. 2013 Jan 16. [Epub ahead of print]
Radio frequency wave (RFW) generated by base transceiver station (BTS) has been 
reported to make deleterious effects on reproduction, possibly through oxidative stress. 
This study was conducted to evaluate the effect of RFW generated by BTS on oxidative 
stress in testis and the prophylactic effect of vitamin C by measuring the antioxidant 
enzymes activity, including glutathione peroxidase, superoxide dismutase (SOD) and 
catalase, and malondialdehyde (MDA). Thirty-two adult male Sprague-Dawley rats were 
randomly divided into four experimental groups and treated daily for 45 days as follows: 
sham, sham+vitamin C (l-ascorbic acid 200 mg/kg of body weight/day by gavage), RFW 
(exposed to 900 MHz RFW) 'sham' and 'RFW' animals were given the vehicle, i.e., 
distilled water and the RFW+vitamin C group (received vitamin C in addition to exposure 
to RFW). At the end of the experiment, all the rats were sacrificed and their testes were 
removed and used for measurement of antioxidant enzymes and MDA activity. The 
results indicate that exposure to RFW in the test group decreased antioxidant enzymes 
activity and increased MDA compared with the control groups (p < 0.05). In the treated 
group, vitamin C improved antioxidant enzymes activity and reduced MDA compared 
with the test group (p < 0.05). It can be concluded that RFW causes oxidative stress in 
testis and vitamin C improves the antioxidant enzymes activity and decreases MDA.

Lukac N, Massanyi P, Roychoudhury S, Capcarova M, Tvrda E, Knazicka Z, Kolesarova 
A, Danko J. In vitro effects of radiofrequency electromagnetic waves on bovine 
spermatozoa motility. J Environ Sci Health A Tox Hazard Subst Environ Eng. 
46(12):1417-1423, 2011.
In this study the effects of 1800 MHz GSM-like radiofrequency electromagnetic waves 
(RF-EMW) exposure on bovine semen was monitored. The experimental samples were 
analyzed in vitro in four time periods (0, 30, 120 and 420 min) and compared with 
unexposed samples (control). Spermatozoa motility was determined by computer 
assisted semen analyzer (CASA). Evaluation of the percentage of motile spermatozoa 
showed significant (P < 0.001) decrease in experimental groups after 120 and 420 min of 
culture when exposed to microwaves, in comparison to control. Similar spermatozoa 
motility inhibition was detected for the percentage of progressively motile 
spermatozoa, too. Average path distance decreased significantly (p < 0.001) in 
experimental groups after 30 and 420 min of culture. Path velocity increased in the 
experimental groups exposed to RF-EMW after 30 minutes of culture, but subsequently 
decreased after 420 min of culture, in comparison to control. This indicates a possible 
initial stimulation and subsequent velocity inhibition of bovine spermatozoa under RF- 
EMW exposure. Changes in spermatozoa motility were also detected for some fine 
parameters, too. A significant decrease (P < 0.001) was noted for amplitude of lateral
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head displacement in the experimental group after 420 minutes of culture. Detailed in 
vitro motility analysis of bovine spermatozoa exposed to microwave radiation suggested 
that the parameters of path and velocity at the beginning of the culture significantly 
increase, but after longer culture (420 minutes) a significant decrease occur in the 
experimental group as compared to control. In general, results of this experiment 
indicate a negative time-dependent effect of 1800 MHz RF-EMW radiation on bovine 
spermatozoa motility.

Effects on Wellbeing

Santini R, Santini P, Danze JM, Le Ruz P, Seigne M.Study of the health of people living 
in the vicinity of mobile phone base stations: I. Influence of distance and sex. Pathol 
Biol (Paris) 50(6):369-373, 2002. [Article in French]
A survey study using questionnaire was conducted in 530 people (270 men, 260 women) 
living or not in vicinity of cellular phone base stations, on 18 Non Specific Health 
Symptoms. Comparisons of complaints frequencies (CHI-SQUARE test with Yates 
correction) in relation with distance from base station and sex, show significant (p <
0.05) increase as compared to people living > 300 m or not exposed to base station, till 
300 m for tiredness, 200 m for headache, sleep disturbance, discomfort, etc. 100 m for 
irritability, depression, loss of memory, dizziness, libido decrease, etc. Women 
significantly more often than men (p < 0.05) complained of headache, nausea, loss of 
appetite, sleep disturbance, depression, discomfort and visual perturbations. This first 
study on symptoms experienced by people living in vicinity of base stations shows that, 
in view of radioprotection, minimal distance of people from cellular phone base stations 
should not be < 300 m.

Santini R, Santini P, Le Ruz P, Danze JM, Seigne M, Survey study of people living in the 
vicinity of cellular phone base stations. Electromag Biol Med 22:41-49, 2003.
A survey study was conducted, using a questionnaire, on 530 people (270 men, 260 
women) living or not in proximity to cellular phone base stations. Eighteen different 
symptoms (Non Specific Health Symptoms-NSHS), described as radiofrequency sickness, 
were studied by means of the chi-square test with Yates correction. The results that 
were obtained underline that certain complaints are experienced only in the immediate 
vicinity of base stations (up to 10 m for nausea, loss of appetite, visual disturbances), 
and other at greater distances from base stations (up to 100 m for irritability, depressive 
tendencies, lowering of libido, and up to 200 m for headaches, sleep disturbance, 
feeling of discomfort). In the 200 m to 300 m zone, only the complaint of fatigue is 
experienced significantly more often when compared with subjects residing at more 
than 300 m or not exposed (reference group). For seven of the studied symptoms and 
for the distance up to 300 m, the frequency of reported complaints is significantly higher 
(P< 0.05) for women in comparison to men. Significant differences are also observed in 
relation to the ages of subjects, and for the location of subjects in relation to the 
antennas and to other electromagnetic factors.
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Navarro EA, Sequra J, Portoles M, Gomez-Perretta de Mateo C. The Microwave 
Syndrome: A Preliminary Study in Spain. Electromag Biol Med 22:161-169, 2003.
A health survey was carried out in Murcia, Spain, in the vicinity of a Cellular Phone Base 
Station working in DCS-1800 MHz. This survey contained health items related to 
"microwave sickness" or "RF syndrome." The microwave power density was measured 
at the respondents' homes. Statistical analysis showed significant correlation between 
the declared severity of the symptoms and the measured power density. The separation 
of respondents into two different exposure groups also showed an increase of the 
declared severity in the group with the higher exposure.

Lerchl A, Kruger H, Niehaus M, Streckert JR, Bitz AK, Hansen V. Effects of mobile phone 
electromagnetic fields at nonthermal SAR values on melatonin and body weight of 
Djungarian hamsters (Phodopus sungorus). J Pineal Res. 44(3):267-272, 2008.
In three experiments, adult male Djungarian hamsters (Phodopus sungorus) were 
exposed 24 hr/day for 60 days to radio frequency electromagnetic fields (RF-EMF) at 
383, 900, and 1800 MHz, modulated according to the TETRA (383 MHz) and GSM 
standards (900 and 1800 MHz), respectively. A radial waveguide system ensured a well 
defined and uniform exposure at whole-body averaged specific absorption rates of 80 
mW/kg, which is equal to the upper limit of whole-body exposure of the general 
population in Germany and other countries. For each experiment, using two identical 
waveguides, hamsters were exposed (n = 120) and sham-exposed (n = 120) in a blind 
fashion. In all experiments, pineal and serum melatonin levels as well as the weights of 
testes, brain, kidneys, and liver were not affected. At 383 MHz, exposure resulted in a 
significant transient increase in body weight up to 4%, while at 900 MHz this body 
weight increase was more pronounced (up to 6%) and not transient. At 1800 MHz, no 
effect on body weight was seen. The results corroborate earlier findings which have 
shown no effects of RF-EMF on melatonin levels in vivo and in vitro. The data are in 
accordance with the hypothesis that absorbed RF energy may result in metabolic 
changes which eventually cause body weight increases in exposed animals. The data 
support the notion that metabolic effects of RF-EMFs need to be investigated in more 
detail in future studies.

Kato Y, Johansson O. Reported functional impairments of electrohypersensitive 
Japanese: A questionnaire survey. Pathophvsiology.19(2) 95-100, 2012.
An increasing number of people worldwide complain that they have become 
electromagnetic hypersensitive (EHS). We conducted a questionnaire survey of EHS 
persons in Japan. The aim was to identify electromagnetic fields (EMF) and plausible 
EMF sources that caused their symptoms. Postal questionnaires were distributed via a 
self-help group, and 75 participants (95% women) responded. Reported major 
complaints were "fatigue/tiredness" (85%), "headache", "concentration, memory, and 
thinking" difficulty (81%, respectively). Seventy-two per cent used some form of 
complementary/alternative therapy. The most plausible trigger of EHS onset was a 
mobile phone base station or personal handy-phone system (37%). Sixty-five percent 
experienced health problems to be due to the radiation from other passengers' mobile
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phones in trains or buses, and 12% reported that they could not use public 
transportation at all. Fifty-three percent had a job before the onset, but most had lost 
their work and/or experienced a decrease in income. Moreover, 85.3% had to take 
measures to protect themselves from EMF, such as moving to low EMF areas, or buying 
low EMF electric appliances. EHS persons were suffering not only from their symptoms, 
but also from economical and social problems.

Hutter HP, Moshammer H, Wallner P, Kundi M. Subjective symptoms, sleeping 
problems, and cognitive performance in subjects living near mobile phone base 
stations. Occup Environ Med. 63(5):307-313, 2006.
BACKGROUND: The erection of mobile telephone base stations in inhabited areas has 
raised concerns about possible health effects caused by emitted microwaves.
METHODS: In a cross-sectional study of randomly selected inhabitants living in urban 
and rural areas for more than one year near to 10 selected base stations, 365 subjects 
were investigated. Several cognitive tests were performed, and wellbeing and sleep 
quality were assessed. Field strength of high-frequency electromagnetic fields (HF-EMF) 
was measured in the bedrooms of 336 households. RESULTS: Total HF-EMF and 
exposure related to mobile telecommunication were far below recommended levels 
(max. 4.1 mW/m2). Distance from antennae was 24-600 m in the rural area and 20-250 
m in the urban area. Average power density was slightly higher in the rural area (0.05 
mW/m2) than in the urban area (0.02 mW/m2). Despite the influence of confounding 
variables, including fear of adverse effects from exposure to HF-EMF from the base 
station, there was a significant relation of some symptoms to measured power density; 
this was highest for headaches. Perceptual speed increased, while accuracy decreased 
insignificantly with increasing exposure levels. There was no significant effect on sleep 
quality. CONCLUSION: Despite very low exposure to HF-EMF, effects on wellbeing and 
performance cannot be ruled out, as shown by recently obtained experimental results; 
however, mechanisms of action at these low levels are unknown.

Bortkiewicz A, Zmyslony M, Szyjkowska A, Gadzicka E. [Subjective symptoms reported 
by people living in the vicinity of cellular phone base stations: a review of the studies] 
Med Pr. 55(4):345-351, 2004. [Article in Polish]
The problem of health effects of electromagnetic fields (EMF) emitted by cellular phone 
base stations evokes much interest in view of the fact that people living in their vicinity 
are fated to continuous exposure to EMF. None of the studies carried out throughout 
the world have revealed excessive values of standards adopted by the International 
Commission on Non-Ionizing Radiation Protection (ICNIRP). A questionnaire was used as 
a study tool. The results of the questionnaire survey reveal that people living in the 
vicinity of base stations report various complaints mostly of the circulatory system, but 
also of sleep disturbances, irritability, depression, blurred vision, concentration 
difficulties, nausea, lack of appetite, headache and vertigo. The performed studies 
showed the relationship between the incidence of individual symptoms, the level of 
exposure, and the distance between a residential area and a base station. This 
association was observed in both groups of persons, those who linked their complaints
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with the presence of the base station and those who did not notice such a relation. 
Further studies, clinical and those based on questionnaires, are needed to explain the 
background of reported complaints.

Bortkiewicz A, Gadzicka E, Szyjkowska A, Politanski P, Mamrot P, Szymczak W, 
Zmyslony M. Subjective complaints of people living near mobile phone base stations 
in Poland. Int J Occup Med Environ Health. 25(1):31-40, 2012.
OBJECTIVES: The aim of our study was to assess the health conditions and subjective 
symptoms of the inhabitants living in the base stations vicinity and to analyse the 
relationship between the complaints and level of exposure to electromagnetic fields 
(EMF).MATERIALS AND METHODS: Our study was performed in housing estates located in 
five regions of todz. The electric field measurements were performed in the buildings 
located closest to the azimuth of the antennas. Respondents were selected by trained 
interviewers using an uniform procedure. The number of the households to be examined 
was set at a minimum of 420. The questionnaire contained: demographic data, occupational 
and environmental exposure to EMF, health condition, subjective complaints. Results were 
adjusted for confounders (age, gender, EMF at the workplace and EMF emitted by 
household equipment) using multiple regression model.RESULTS: 181 men and 319 women 
from 500 households were examined. Electric field above 0.8 V/m was recorded in 12% of 
flats. There was no significant correlation between electric field strength and the distance of 
examined flats from the base stations. To make possible comparison with relevant literature, 
we analysed also the frequency of the reported symptoms vs. the distance. Headache was 
declared by 57% people, most frequently (36.4%) living 100-150 m away from the base 
station compared to people living at longer distances (p = 0.013). 24.4% subjects, mostly 
living at a distance above 150 m, declared impaired memory. Difference was statistically 
significant in comparison with people living at other distances (p = 0.004).CONCLUSIONS: The 
explanation why we did not find any correlation between the electric field strength and 
frequency of subjective symptoms but found a correlation between subjective symptoms 
and distance from base station needs further studies. Maybe new metrics of exposure 
assessment should be adopted for this purpose.

Augner C, Florian M, Pauser G, Oberfeld G, Hacker GW. GSM base stations: Short-term 
effects on well-being. Bioelectromagnetics. 30:73-80, 2009.
The purpose of this study was to examine the effects of short-term GSM (Global System 
for Mobile Communications) cellular phone base station RF-EMF (radiofrequency 
electromagnetic fields) exposure on psychological symptoms (good mood, alertness, 
calmness) as measured by a standardized well-being questionnaire. Fifty-seven 
participants were selected and randomly assigned to one of three different exposure 
scenarios. Each of those scenarios subjected participants to five 50-min exposure 
sessions, with only the first four relevant for the study of psychological symptoms. Three 
exposure levels were created by shielding devices in a field laboratory, which could be 
installed or removed during the breaks between sessions such that double-blinded 
conditions prevailed. The overall median power flux densities were 5.2 microW/m(2) 
during "low," 153.6 microW/m(2) during "medium," and 2126.8 microW/m(2) during
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"high" exposure sessions. For scenario HM and MH, the first and third sessions were 
"low" exposure. The second session was "high" and the fourth was "medium" in 
scenario HM; and vice versa for scenario MH. Scenario LL had four successive "low" 
exposure sessions constituting the reference condition. Participants in scenarios HM and 
MH (high and medium exposure) were significantly calmer during those sessions than 
participants in scenario LL (low exposure throughout) (P = 0.042). However, no 
significant differences between exposure scenarios in the "good mood" or "alertness" 
factors were obtained. We conclude that short-term exposure to GSM base station 
signals may have an impact on well-being by reducing psychological arousal.

Augner C, Hacker GW. Are people living next to mobile phone base stations more 
strained? Relationship of health concerns, self-estimated distance to base station, and 
psychological parameters. Indian J Occup Environ Med. 13(3):141-145, 2009.
BACKGROUND AND AIMS: Coeval with the expansion of mobile phone technology and 
the associated obvious presence of mobile phone base stations, some people living 
close to these masts reported symptoms they attributed to electromagnetic fields (EMF). 
Public and scientific discussions arose with regard to whether these symptoms were due 
to EMF or were nocebo effects. The aim of this study was to find out if people who 
believe that they live close to base stations show psychological or psychobiological 
differences that would indicate more strain or stress. Furthermore, we wanted to detect 
the relevant connections linking self-estimated distance between home and the next 
mobile phone base station (DBS), daily use of mobile phone (MPU), EMF-health 
concerns, electromagnetic hypersensitivity, and psychological strain parameters.
DESIGN, MATERIALS AND METHODS: Fifty-seven participants completed standardized 
and non-standardized questionnaires that focused on the relevant parameters. In 
addition, saliva samples were used as an indication to determine the psychobiological 
strain by concentration of alpha-amylase, cortisol, immunoglobulin A (IgA), and 
substance P. RESULTS: Self-declared base station neighbors (DBS </= 100 meters) had 
significantly higher concentrations of alpha-amylase in their saliva, higher rates in 
symptom checklist subscales (SCL) somatization, obsessive-compulsive, anxiety, phobic 
anxiety, and global strain index PST (Positive Symptom Total). There were no differences 
in EMF-related health concern scales. CONCLUSIONS: We conclude that self-declared 
base station neighbors are more strained than others. EMF-related health concerns 
cannot explain these findings. Further research should identify if actual EMF exposure or 
other factors are responsible for these results.

Blettner M, Schlehofer B, Breckenkamp J, Kowall B, Schmiedel S, Reis U, Potthoff P, 
Schuez J, Berg-Beckhoff G. Mobile phone base stations and adverse health effects: 
Phase 1: A population-based cross-sectional study in Germany. Occup Environ Med. 
66(2):118-123. 2009.
Abstract OBJECTIVE: The aim of this first phase of a cross-sectional study from Germany 
was to investigate whether proximity of residence to mobile phone base stations as well 
as risk perception is associated with health complaints. METHODS: We conducted a 
population-based multi-phase cross-sectional study within the context of a large panel
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survey regularly carried out by a private research institute in Germany. In the initial 
phase, which we will report on in this paper, 30,047 persons from a total of 51,444 who 
took part in the nationwide survey also answered questions on how mobile phone base 
stations affect their health. A list of 38 health complaints was used. A multiple linear 
regression model was used to identify predictors of health complaints including 
proximity of residence to mobile phone base stations and risk perception. RESULTS: Of 
the 30,047 participants (response rate 58.6%), 18.7% of participants were concerned 
about adverse health effects of mobile phone base stations, while an additional 10.3% 
attributed their personal adverse health effects to the exposure from them. Participants 
who are concerned about or attribute adverse health effects to mobile phone base 
stations and those living in the vicinity of a mobile phone base station (500 m) reported 
slightly more health complaints than others. CONCLUSIONS: A substantial proportion of 
the German population is concerned about adverse health effects caused by exposure 
from mobile phone base stations. The observed slightly higher prevalence of health 
complaints near base stations can however not be fully explained by attributions or 
concerns.

Effects on Sleep

Mohammed HS, Fahmy HM, Radwah NM, Elsayed AA. Non-thermal continuous and 
modulated electromagnetic radiation fields effects on sleep EEG of rats. J Adv Res 4(2) 
181-187, 2013.
In the present study, the alteration in the sleep EEG in rats due to chronic exposure to 
low-level non-thermal electromagnetic radiation was investigated. Two types of 
radiation fields were used; 900 MHz unmodulated wave and 900 MHz modulated at 8 
and 16 Hz waves. Animals has exposed to radiation fields for 1 month (1 h/day). EEG 
power spectral analyses of exposed and control animals during slow wave sleep (SWS) 
and rapid eye movement sleep (REM sleep) revealed that the REM sleep is more 
susceptible to modulated radiofrequency radiation fields (RFR) than the SWS. The 
latency of REM sleep increased due to radiation exposure indicating a change in the 
ultradian rhythm of normal sleep cycles. The cumulative and irreversible effect of 
radiation exposure was proposed and the interaction of the extremely low frequency 
radiation with the similar EEG frequencies was suggested.

Liu H, Chen G, Pan Y, Chen Z, Jin W, Sun C, Chen C, Dong X, Chen K, Xu Z, Zhang S, Yu Y. 
(2014) Occupational Electromagnetic Field Exposures Associated with Sleep Quality: A 
Cross-Sectional Study. PLoS ONE 9(10): e110825. doi:10.1371/journal.pone.0110825.

BACKGROUND: Exposure to electromagnetic field (EMF) emitted by mobile phone and 
other machineries concerns half the world's population and raises the problem of their 
impact on human health. The present study aims to explore the effects of 
electromagnetic field exposures on sleep quality and sleep duration among workers 
from electric power plant. METHODS: A cross-sectional study was conducted in an
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electric power plant of Zhejiang Province, China. A total of 854 participants were 
included in the final analysis. The detailed information of participants was obtained by 
trained investigators using a structured questionnaire, which including socio
demographic characteristics, lifestyle variables, sleep variables and electromagnetic 
exposures. Physical examination and venous blood collection were also carried out for 
every study subject. RESULTS: After grouping daily occupational electromagnetic 
exposure into three categories, subjects with long daily exposure time had a significantly 
higher risk of poor sleep quality in comparison to those with short daily exposure time. 
The adjusted odds ratios were 1.68 (95%CI: 1.18, 2.39) and 1.57 (95%CI: 1.10, 2.24) 
across tertiles. Additionally, among the subjects with long-term occupational exposure, 
the longer daily occupational time apparently increased the risk of poor sleep quality 
(OR (95%CI): 2.12 (1.23-3.66) in the second tertile; 1.83 (1.07-3.15) in the third tertile). 
There was no significant association of long-term occupational exposure duration, 
monthly electric fee or years of mobile-phone use with sleep quality or sleep duration. 
CONCLUSIONS: The findings showed that daily occupational EMF exposure was 
positively associated with poor sleep quality. It implies EMF exposure may damage 
human sleep quality rather than sleep duration.

Hung CS, Anderson C, Horne JA, McEvoy P. Mobile phone 'talk-mode' signal delays 
EEG-determined sleep onset. Neurosci Lett. 421: 82-86, 2007.
Mobile phones signals are pulse-modulated microwaves, and EEG studies suggest that 
the extremely low-frequency (ELF) pulse modulation has sleep effects. However, 'talk', 
'listen' and 'standby' modes differ in the ELF (2, 8, and 217Hz) spectral components and 
specific absorption rates, but no sleep study has differentiated these modes. We used a 
GSM900 mobile phone controlled by a base-station simulator and a test SIM card to 
simulate these three specific modes, transmitted at 12.5% (23dBm) of maximum power. 
At weekly intervals, 10 healthy young adults, sleep restricted to 6h, were randomly and 
single-blind exposed to one of: talk, listen, standby and sham (nil signal) modes, for 
30min, at 13:30h, whilst lying in a sound-proof, lit bedroom, with a thermally insulated 
silent phone beside the right ear. Bipolar EEGs were recorded continuously, and 
subjective ratings of sleepiness obtained every 3min (before, during and after 
exposure). After exposure the phone and base-station were switched off, the bedroom 
darkened, and a 90min sleep opportunity followed. We report on sleep onset using: (i) 
visually scored latency to onset of stage 2 sleep, (ii) EEG power spectral analysis. There 
was no condition effect for subjective sleepiness. Post-exposure, sleep latency after talk 
mode was markedly and significantly delayed beyond listen and sham modes. This 
condition effect over time was also quite evident in 1-4Hz EEG frontal power, which is a 
frequency range particularly sensitive to sleep onset. It is possible that 2, 8, 217Hz 
modulation may differentially affect sleep onset.
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Effects on Cells

Neshev NN, Kirilova EI, Environmental-health aspects of pulse-modulated 
microwaves. Rev Environ Health 11(1-2):85-88, 1996.
Our theoretical model describes the potential influence of irradiation with pulse- 
modulated microwaves on the conformational oscillations of enzymes in living 
organisms. Certain values of pulse-repetition time, determined by the period of 
conformational oscillations of the corresponding type of enzyme, can produce the effect 
at extremely low power levels. Synchronized oscillations in identical enzyme molecules 
produce in turn large-scale oscillations within living cells. Thus, short periods of 
exposure to pulse-modulated microwaves could be beneficial to cellular function, 
whereas maintaining the amplitude of such oscillations at a maximum for long periods 
may have a stressful effect on biochemical processes. The model discloses the possible 
environmental-health risks of long-term exposure in ambient fields that are created by 
radar, navigation, and communication systems.

Kwee S, Raskmark P, Changes in cell proliferation due to environmental non-ionizing 
radiation 2. Microwave radiation. Bioelectrochem Bioenerg 44(2) 251-255, 1998.

Due to the use of mobile telephones, there is an increased exposure of the environment 
to weak radiofrequency (RF) electromagnetic fields, emitted by these devices. This study 
was undertaken to investigate if the microwave radiation from these fields will have a 
similar effect on cell proliferation as weak electromagnetic (ELF) fields. The field was 
generated by signal simulation of the Global System for Mobile communications (GSM) 
of 960 MHz. Cell cultures, growing in microtiter plates, were exposed in a specially 
constructed chamber, a Transverse Electromagnetic (TEM) cell. The Specific Absorption 
Rate (SAR) values for each cell well were calculated for this exposure system. 
Experiments were performed on cell cultures of transformed human epithelial amnion 
cells (AMA), which were exposed to 960 MHz microwave fields at three different power 
levels and three different exposure times, respectively. It was found that cell growth in 
the exposed cells was decreased in comparison to that in the control and sham exposed 
cells. Cell proliferation during the period following exposure varied not only with the 
various SAR levels, but also with the length of exposure time. On the other hand, 
repeated periods of exposure did not seem to change the effects. There was a general 
linear correlation between power level and growth change. However, the exposure time 
required to obtain the maximum effect was not the same for the various power levels. It 
turned out that at low power level, a maximum effect was first reached after a longer 
exposure time than at higher power level. A similar phenomenon was registered in the 
studies on ELF electromagnetic fields. Here, it was found that there was a linear 
correlation between the length of exposure time to obtain maximum effect and field 
strength.
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Effects on Eyes

Lu L, Xu H, Wang X, Guo G.Increased nitric oxide synthase activity is essential for 
electromagnetic-pulse-induced blood-retinal barrier breakdown in vivo.Brain Res. 
1264:104-10, 2009.
PURPOSE: To examine whether electromagnetic pulses (EMPs) affected the 
permeability of the blood-retinal barrier (BRB), gene expression of occludin and activity 
of nitric oxide synthase (NOS).METHODS: Sprague-Dawley (SD) rats were used and 
randomized into EMP and control groups. Retinas were removed immediately, and 2 h 
or 24 h after EMP radiation. BRB permeability was analyzed by transmission electron 
microscopy and Evans Blue staining. Retinal NOS activity and concentrations of nitrite 
and nitrate were measured. Occludin mRNA and protein levels were detected by RT-PCR 
and Western blotting.RESULTS: Exposure of SD rats to EMP resulted in increased BRB 
permeability, with the greatest decrease in occludin at 24 h. Moreover, this permeability 
defect was also correlated with significant increases in the formation of NO and 
induction of NOS activity in SD rats. Furthermore, we found that treatment with NOS 
inhibitor N-nitro-L-arginine methyl ester (L-NAME) blocked BRB breakdown and 
prevented the increase in NO formation and induction of NOS activity, as well as the 
decrease in occluding expression.CONCLUSION: Taken together, these results support 
the view that NOS-dependent NO production is an important factor that contributes to 
EMP-induced BRB dysfunction, and suggests that NOS induction may play an important 
role in BRB breakdown.

Hassig M, Jud F, Naegeli H, Kupper J, Spiess B. Prevalence of nuclear cataract in Swiss 
veal calves and its possible association with mobile telephone antenna base stations. 
Schweiz Arch Tierheilkd. 151(10):471-478, 2009.
The purpose of this study was to valuate the prevalence of nuclear cataract in veal 
calves and to elucidate a possible impact by mobile phone base stations (MPBS). For this 
experiment a cohort study was conducted. A follow-up of the geographical location of 
each dam and its calf from conception through the fetal period up to slaughter was 
performed. The first trimester of gestation (organogenesis) was particularly emphasized. 
The activities of selected protective antioxidants (superoxide dismutase, catalase, 
glutathione peroxidase [GPx]) were assessed in aqueous humor of the eye to evaluate 
the redox status. Of 253 calves, 79 (32 %) had various degrees of nuclear cataract, but 
only 9 (3.6 %) calves had severe nuclear cataract. Results demonstrate a relation 
between the location of veals calves with nuclear cataracts in the first trimester of 
gestation and the strength of antennas. The number of antennas within 100 to 199 
meters was associated with oxidative stress and there was an association between 
oxidative stress and the distance to the nearest MPBS. Oxidative stress was increased in 
eyes with cataract (OR per kilometer: 0.80, confidence interval 95 % 0.62,0.93). It has 
not been shown that the antennas actually affected stress. Hosmer-Lemeshow statistics 
showed an accuracy of 100 % in negative cases with low radiation, and only 11.11 % 
accuracy in positive cases with high radiation. This reflects, that there are a lot of other
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possibilities for nuclear cataract beside MPBS. Further studies on the influence of 
electromagnetic fields during embryonic development animal or person at risk are 
indicated.

Hassig M, Jud F, Spiess B. [Increased occurrence of nuclear cataract in the calf after 
erection of a mobile phone base station]. Schweiz Arch Tierheilkd. 154(2):82-86,
2012.[Article in German]
We examined and monitored a dairy farm in which a large number of calves were born 
with nuclear cataracts after a mobile phone base station had been erected in the vicinity 
of the barn. Calves showed a 3.5 times higher risk for heavy cataract if born there 
compared to Swiss average. All usual causes such as infection or poisoning, common in 
Switzerland, could be excluded. The real cause of the increased incidence of cataracts 
remains unknown.

Jelodar G, Akbari A, Nazifi S. The prophylactic Effect of Vitamin C on Oxidative Stress 
Indexes in Rat Eyes Following Exposure to Radiofrequency Wave Generated by a BTS 
Antenna Model. Int J Radiat Biol. 89(2):128-131, 2013.
Purpose: This study was conducted to evaluate the effect of radiofrequency wave 
(RFW)-induced oxidative stress in the eye and the prophylactic effect of vitamin C on 
this organ by measuring the antioxidant enzymes activity including: glutathione 
peroxidase (GPx), superoxide dismutase (SOD) and catalase (CAT), and malondialdehyde 
(MDA). Materials and methods: Thirty-two adult male Sprague-Dawley rats were 
randomly divided into four experimental groups and treated daily for 45 days as follows: 
control, vitamin C (L-ascorbic acid 200 mg/kg of body weight/day by gavage), test 
(exposed to 900 MHz RFW) and the treated group (received vitamin C in addition to 
exposure to RFW). At the end of the experiment all animals were killed, their eyes were 
removed and were used for measurement of antioxidant enzymes and MDA activity. 
Results: The results indicate that exposure to RFW in the test group decreased 
antioxidant enzymes activity and increased MDA compared with the control groups 
(P<0.05). In the treated group vitamin C improved antioxidant enzymes activity and 
reduced MDA compared to the test group (P<0.05). Conclusions: It can be concluded 
that RFW causes oxidative stress in the eyes and vitamin C improves the antioxidant 
enzymes activity and decreases MDA.

Oxidative Stress

Achudume A, Onibere B, Aina F, Tchokossa P. Induction of oxidative stress in male 
rats subchronically exposed to electromagnetic fields at non-thermal intensities. J 
Electromagnetic Analysis and Applications 2(8), 482-487, 2010.
To investigate the oxidative stress-inducing potential of non-thermal electromagnetic 
fields in rats. Male Wister rats were exposed to electrical field intensity of 2.3 ± 0.82 
pV/m . Exposure was in three forms: continuous waves, or modulated at 900 MHz or 
modulated GSM-nonDTX. The radio frequency radiation (RFR) was 1800 MHz, specific
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absorption radiation (SAR) (0.95-3.9 W/kg) for 40 and/or 60 days continuously. Control 
animals were located > 300 m from base station, while sham control animals were 
located in a similar environmental conditions, but in the vicinity of a non-functional base 
station. The rats were assessed for thiobarbituric and reactive species (TBARS), reduced 
glutathione (GSH) content, catalase activity, glutathione reductase (GR) and glucose 
residue after 40 and 60 days of exposure. At 40 days, electromagnetic radiation failed to 
induce any significant alterations. However, at 60 days of exposure various attributes 
evaluated decreased. The respective decreases in both nicotinamide adenine 
dinucleotide phosphate (NADPH) and Ascorbate- linked lipid peroxidation (LPO) with 
concomitant diminution in enzymatic antioxidative defense systems resulted in 
decreased glucose residue. The present studies showed some biochemical changes that 
may be associated with a prolong exposure to electromagnetic fields and its relationship 
to the activity of antioxidant system in rat Regular assessment and early detection of 
antioxidative defense system among people working around the base stations are 
recommended.

Augner C, Hacker GW, Oberfeld G, Florian M, Hitzl W, Hutter J, Pauser G. Effects of 
Exposure to GSM mobile phone base station signals on salivary cortisol, alpha-amylase, 
and Immunoglobulin A. Biomed Environ Sci. 23(3):199-207, 2010.
OBJECTIVE: The present study aimed to test whether exposure to radiofrequency 
electromagnetic fields (RF-EMF) emitted by mobile phone base stations may have 
effects on salivary alpha-amylase, immunoglobulin A (IgA), and cortisol levels.
METHODS: Fifty seven participants were randomly allocated to one of three different 
experimental scenarios (22 participants to scenario 1, 26 to scenario 2, and 9 to scenario 
3). Each participant went through five 50-minute exposure sessions. The main RF-EMF 
source was a GSM-900-MHz antenna located at the outer wall of the building. In 
scenarios 1 and 2, the first, third, and fifth sessions were "low" (median power flux 
density 5.2 muW/m(2)) exposure. The second session was "high" (2126.8 muW/m(2)), 
and the fourth session was "medium" (153.6 muW/m(2)) in scenario 1, and vice versa in 
scenario 2. Scenario 3 had four "low" exposure conditions, followed by a "high" 
exposure condition. Biomedical parameters were collected by saliva samples three 
times a session. Exposure levels were created by shielding curtains. RESULTS: In scenario 
3 from session 4 to session 5 (from "low" to "high" exposure), an increase of cortisol was 
detected, while in scenarios 1 and 2, a higher concentration of alpha-amylase related to 
the baseline was identified as compared to that in scenario 3. IgA concentration was not 
significantly related to the exposure.CONCLUSIONS: RF-EMF in considerably lower field 
densities than ICNIRP-guidelines may influence certain psychobiological stress markers.

Marzook EA, Abd El Moneim AE, Elhadary AA. Prootective role of seame oil against 
mobile phone base station-induced oxidative stress. J Rad Res Appl Sci 7(1):1-6, 2014.
The present study was undertaken to shed the light on the environmental threats 
associated with the wireless revolution and the health hazards associated with exposure 
to mobile base station (MBS). Besides, studying the possible protective role of sesame 
oil (SO) as an antioxidant against oxidative stress. Therefore, the present work was
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designed to study the effect of chronic exposure to electromagnetic radiations (EMR), 
produced by a cellular tower for mobile phone and the possible protective role of 
sesame oil on glutathione reductase (GSH-Rx), superoxide dismutase (SOD), catalase 
(CAT), total testosterone and lipid profile (total cholesterol (Tch), triglycerides (TG), low 
density lipoprotein cholesterol (LDL-c) and high density lipoprotein cholesterol (HDL-c) 
in male albino rats. Rats were arranged into four groups: the control unexposed, the 
exposed untreated and the exposed treated groups (1.5 and 3 ml oil). Exposed groups 
were subjected to electromagnetic field at frequency of 900 MHz, for 24 h/day for 8 
weeks, at the same time both treated groups were supplied with oral injection of 
sesame oil three times per week. At the end of the experiment, blood samples were 
obtained for determination of the above mentioned variables in serum. The results 
obtained revealed that TG and testosterone were raised significantly over control in all 
groups and the significant increase in oil groups occurred in dose dependent manner. 
SOD and CAT activities were reduced significantly in exposed rats than control and 
increased significantly in sesame oil groups as the dose of oil increased. Total 
cholesterol only showed remarkable reduction in the group treated with 3 ml sesame
oil. Also, in this latter group, significant elevation of GSH-Rx was recorded. Changes in 
serum HDL-c and LDL-c followed an opposite trend in exposed and sesame oil groups 
reflecting their affectation by EMR or sesame oil. In conclusion, all results of the current 
study proved that sesame oil can be used as an edible oil to attenuate the oxidative 
stress which could be yielded as a result of chronic exposure to EMR.

Effects on Blood

Kismali G, Ozgur E, Guler G, Akcay A, Sel T, Seyhan N. The influence of 1800 MHz GSM- 
like signals on blood chemistry and oxidative stress in non-pregnant and pregnant 
rabbits. Int J Radiat Biol. 88(5):414-419, 2012.
PURPOSE: Environmental electromagnetic fields originate from man-made sources, such as 
mobile phones and base stations, and have led to increasing public concern about their 
possible adverse health effects. We aimed to investigate the possible effects of 
radiofrequency radiation (RFR) generated from these devices on oversensitive animals, such 
as pregnant rabbits. MATERIALS AND METHODS: In the present study, the effects of whole 
body 1800 MHz Global System for Mobile Communications (GSM)-like RFR exposure for 15 
min/day for seven days on blood chemistry and lipid peroxidation levels in both non
pregnant and pregnant New Zealand White rabbits were investigated. Thirteen-month-old 
rabbits were studied in the following four groups: Non-pregnant control, non-pregnant RFR- 
exposed, pregnant control and pregnant RFR-exposed. RESULTS: Lipid peroxidation, namely 
malondialdehyde (MDA) levels, did not change after RFR exposure. However, blood 
chemistry parameters, such as cholesterol (CHO), total protein (TP), albumin (ALB), uric acid, 
creatinin and creatine kinase (CK) and creatine kinase-myocardial band isoenzyme (CK-MB) 
changed due to both pregnancy and RFR exposure. CONCLUSION: Our investigations have 
been shown that no indication for oxidative stress was detected in the blood of pregnant 
rabbits upon RF exposure at specific conditions employed in the present study. Minor
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changes in some blood chemistry parameters were detected but CK-MB and CK increases 
were found remarkable. Studies on RFR exposure during pregnancy will help establish 
international standards for the protection of pregnant women from environmental RFR.

Yurekli AI, Ozkan M, Kalkan T, Saybasili H, Tuncel H, Atukeren P, Gumustas K, Seker S. 
GSM Base Station Electromagnetic Radiation and Oxidative Stress in Rats. Electromagn 
Biol Med. 2006;25(3):177-188, 2006.
The ever increasing use of cellular phones and the increasing number of associated base 
stations are becoming a widespread source of nonionizing electromagnetic radiation. 
Some biological effects are likely to occur even at low-level EM fields. In this study, a 
gigahertz transverse electromagnetic (GTEM) cell was used as an exposure environment 
for plane wave conditions of far-field free space EM field propagation at the GSM base 
transceiver station (BTS) frequency of 945 MHz, and effects on oxidative stress in rats 
were investigated. When EM fields at a power density of 3.67 W/m2 (specific absorption 
rate = 11.3 mW/kg), which is well below current exposure limits, were applied, MDA 
(malondialdehyde) level was found to increase and GSH (reduced glutathione) 
concentration was found to decrease significantly (p < 0.0001). Additionally, there was a 
less significant (p = 0.0190) increase in SOD (superoxide dismutase) activity under EM 
exposure.

Jin YB, Lee HJ, Seon Lee J, Pack JK, Kim N, Lee YS. One-year, simultaneous combined 
exposure of CDMA and WCDMA radiofrequency electromagnetic fields to rats.Int J 
Radiat Biol. 87(4):416-423, 2011.
PURPOSE: We investigated whether one-year, long-term, simultaneous exposure to 
code division multiple access (CDMA; 849 MHz) and wideband code division multiple 
access (WCDMA; 1.95 GHz) radiofrequencies (RF) would induce chronic illness in 
Sprague-Dawley (SD) rats. MATERIALS AND METHODS: Two groups of 40 SD rats (50% 
males and females in sham and exposed groups) were exposed to CDMA and WCDMA 
RF simultaneously at 2.0 W/kg for 45 min/day (total 4.0 W/kg), 5 days per week for a 
total of one year. Body and organ weight measurements, urinalysis, haematological and 
blood biochemical analysis, and histopathological evaluations were performed. 
RESULTS: The mortality patterns in male and female rats exposed to RF were compared 
with those found in gender-matched sham control animals. No significant alteration in 
body weight was observed with the simultaneous combined RF exposure. Most RF- 
exposed rats showed no significant alteration, based on urinalysis, haematology, blood 
biochemistry, or histopathology. However, some altered parameters of the complete 
blood count and serum chemistry were seen in RF-exposed rats. The total tumour 
incidence was not different between sham-exposed and RF-exposed animals. 
CONCLUSIONS: Our results suggest that one-year chronic exposure to CDMA (849 MHz) 
and WCDMA (1.95 GHz) RF simultaneously at 2.0 W/kg for 45-min RF exposure periods 
(total, 4 W/kg) did not increase chronic illness in rats, although there were some altered 
parameters in the complete blood count and serum chemistry.
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Death

Dode AC, Leao MM, Tejo Fde A, Gomes AC, Dode DC, Dode MC, Moreira CW, Condessa 
VA, Albinatti C, Caiaffa WT. Mortality by neoplasia and cellular telephone base 
stations in the Belo Horizonte municipality, Minas Gerais state, Brazil.Sci Total 
Environ. 409(19):3649-3665, 2011.
Pollution caused by the electromagnetic fields (EMFs) of radio frequencies (RF) 
generated by the telecommunication system is one of the greatest environmental 
problems of the twentieth century. The purpose of this research was to verify the 
existence of a spatial correlation between base station (BS) clusters and cases of deaths 
by neoplasia in the Belo Horizonte municipality, Minas Gerais state, Brazil, from 1996 to 
2006 and to measure the human exposure levels to EMF where there is a major 
concentration of cellular telephone transmitter antennas. A descriptive spatial analysis 
of the BSs and the cases of death by neoplasia identified in the municipality was 
performed through an ecological-epidemiological approach, using georeferencing. The 
database employed in the survey was composed of three data banks: 1. death by 
neoplasia documented by the Health Municipal Department; 2. BSs documented in 
ANATEL ("Agencia Nacional de Telecomunicagoes": 'Telecommunications National 
Agency'); and 3. census and demographic city population data obtained from official 
archives provided by IBGE ("Instituto Brasileiro de Geografia e Estatfstica": 'Brazilian 
Institute of Geography and Statistics'). The results show that approximately 856 BSs 
were installed through December 2006. Most (39.60%) of the BSs were located in the 
"Centro-Sul" ('Central-Southern') region of the municipality. Between 1996 and 2006, 
7191 deaths by neoplasia occurred and within an area of 500 m from the BS, the 
mortality rate was 34.76 per 10,000 inhabitants. Outside of this area, a decrease in the 
number of deaths by neoplasia occurred. The greatest accumulated incidence was 5.83 
per 1000 in the Central-Southern region and the lowest incidence was 2.05 per 1000 in 
the Barreiro region. During the environmental monitoring, the largest accumulated 
electric field measured was 12.4 V/m and the smallest was 0.4 V/m. The largest density 
power was 40.78 uW/cm(2), and the smallest was 0.04 uW/cm(2).

Adang D, Remacle C, Vorst AV Results of a long-term low-level microwave exposure of 
rats. IEEE Trans Microwave Theor Tech 57: 2488-2497, 2009.
This paper summarizes the results of experimental research on biological effects 
induced by electromagnetic exposure to low-level microwaves. We exposed four- 
month-old Wistar albino rats during 21 months to two different microwave frequencies 
and exposure modes, 2 h a day, seven days a week. In order to assess possible biological 
effects of microwaves, we selected among others the following parameters: leucocytes, 
erythrocytes, monocytes, neutrophils, lymphocytes, hemoglobin, mean corpuscular 
hemoglobin concentration, and mortality rate. After three and eight months of 
exposure, we found a statistically significant difference of about 20% between the 970- 
MHz continuous wave group and sham-exposed group regarding the monocytes in both 
considered periods. After 14 and 18 months of exposure, we observed a significant
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increase in white blood cells and neutrophils of about 15% and 25%, respectively. 
Lymphocytes fell down after 18 months of exposure with about 15% compared to the 
sham-exposed group. No other statistically significant differences were found, except 
for minor changes with little biological significance. The most obvious effect we 
detected is the increase in mortality rate of the exposed groups with respect to the 
sham-exposed group after 21 months of exposure at the age of 25 months. This increase 
even increases when observing rats until the age of 28 months: mortality in exposed 
groups then reaches almost twice the value observed in the sham-exposed group.

Effects on Hormones

Eskander EF, Estefan SF, Abd-Rabou AA. How does long term exposure to base stations 
and mobile phones affect human hormone profiles? Clin Biochem. 45(1-2):157-161, 
2012
OBJECTIVES: This study is concerned with assessing the role of exposure to radio 
frequency radiation (RFR) emitted either from mobiles or base stations and its relations 
with human's hormone profiles. DESIGN AND METHODS: All volunteers' samples were 
collected for hormonal analysis. RESULTS: This study showed significant decrease in 
volunteers' ACTH, cortisol, thyroid hormones, prolactin for young females, and 
testosterone levels. CONCLUSION: The present study revealed that high RFR effects on 
pituitary-adrenal axis.

Esmekava MA, Seyhan N, Omeroglu S. Pulse modulated 900 MHz radiation induces 
hypothyroidism and apoptosis in thyroid cells: A light, electron microscopy and 
immunohistochemical study. Int J Radiat Biol. 86(12):1106-1116, 2010.
Purpose: In the present study we investigated the possible histopathological effects of 
pulse modulated Radiofrequency (RF) fields on the thyroid gland using light microscopy, 
electron microscopy and immunohistochemical methods. Materials and methods: Two 
months old male Wistar rats were exposed to a 900 MHz pulse-modulated RF radiation 
at a specific absorption rate (SAR) of 1.35 Watt/kg for 20 min/day for three weeks. The 
RF signals were pulse modulated by rectangular pulses with a repetition frequency of 
217 Hz and a duty cycle of 1:8 (pulse width 0.576 ms). To assess thyroid endocrine 
disruption and estimate the degree of the pathology of the gland, we analysed 
structural alterations in follicular and colloidal diameters and areas, colloid content of 
the follicles, and height of the follicular epithelium. Apoptosis was confirmed by 
Transmission Electron Microscopy and assessing the activites of an initiator (caspase-9) 
and an effector (caspase-3) caspases that are important markers of cells undergoing 
apoptosis. Results: Morphological analyses revealed hypothyrophy of the gland in the 
900 MHz RF exposure group. The results indicated that thyroid hormone secretion was 
inhibited by the RF radiation. In addition, we also observed formation of apoptotic 
bodies and increased caspase-3 and caspase-9 activities in thyroid cells of the rats that 
were exposed to modulated RF fields. Conclusion: The overall findings indicated that 
whole body exposure to pulse-modulated RF radiation that is similar to that emitted by
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global system for mobile communications (GSM) mobile phones can cause pathological 
changes in the thyroid gland by altering the gland structure and enhancing caspase- 
dependent pathways of apoptosis.

Genetic Effects

Gandhi G, Kaur G, Nisar U. A cross-sectional case control study on genetic damage in 
individuals residing in the vicinity of a mobile phone base station. Electromagn Biol 
Med. 2014 Jul 9:1-11. [Epub ahead of print]
Mobile phone base stations facilitate good communication, but the continuously 
emitting radiations from these stations have raised health concerns. Hence in this study, 
genetic damage using the single cell gel electrophoresis (comet) assay was assessed in 
peripheral blood leukocytes of individuals residing in the vicinity of a mobile phone base 
station and comparing it to that in healthy controls. The power density in the area 
within 300 m from the base station exceeded the permissive limits and was significantly 
(p = 0.000) higher compared to the area from where control samples were collected.
The study participants comprised 63 persons with residences near a mobile phone 
tower, and 28 healthy controls matched for gender, age, alcohol drinking and 
occupational sub-groups. Genetic damage parameters of DNA migration length, damage 
frequency (DF) and damage index were significantly (p = 0.000) elevated in the sample 
group compared to respective values in healthy controls. The female residents (n = 25) 
of the sample group had significantly (p = 0.004) elevated DF than the male residents 
(n = 38). The linear regression analysis further revealed daily mobile phone usage, 
location of residence and power density as significant predictors of genetic damage. The 
genetic damage evident in the participants of this study needs to be addressed against 
future disease-risk, which in addition to neurodegenerative disorders, may lead to 
cancer.

Fucic A, Garaj-Vrhovac V, Skara M, Dimitrovic B, X-rays, microwaves and vinyl chloride 
monomer: their clastogenic and aneugenic activity, using the micronucleus assay on 
human lymphocytes. Mutat Res 282(4):265-271, 1992.
Chromosome aberration assays, sister-chromatid exchange techniques and 
micronucleus assays are commonly used methods for biomonitoring genetic material 
damaged by chemical or physical agents. On the other hand, their aneugenic activity, 
which can lead to hypoploidy and may also be associated with carcinogenesis, has not 
been thoroughly investigated. In our study we chose the micronucleus assay with a new 
mathematical approach to separate clastogenic from aneugenic activity of three well- 
known mutagens (vinyl chloride monomer, X-rays and microwaves) on the genome of 
human somatic cells. The comparison of frequencies of size distribution of micronuclei 
in the lymphocytes of humans exposed to each of these three mutagens showed that X- 
rays and microwaves were preferentially clastogens while vinyl chloride monomer 
showed aneugenic activity as well. Microwaves possess some mutagenic characteristics 
typical of chemical mutagens.
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Esmekaya MA, Aytekin E, Ozgur E, Guler G, Ergun MA, Omeroglu S, Seyhan N. 
Mutagenic and morphologic impacts of 1.8GHz radiofrequency radiation on human 
peripheral blood lymphocytes (hPBLs) and possible protective role of pre-treatment 
with Ginkgo biloba (EGb 761). Sci Total Environ. 410-411:59-64, 2011.
The mutagenic and morphologic effects of 1.8GHz Global System for Mobile 
Communications (GSM) modulated RF (radiofrequency) radiation alone and in 
combination with Ginkgo biloba (EGb 761) pre-treatment in human peripheral blood 
lymphocytes (hPBLs) were investigated in this study using Sister Chromatid Exchange 
(SCE) and electron microscopy. Cell viability was assessed with 3-(4, 5-dimethylthiazol-2- 
yl)-2, 5-diphenyltetrazolium bromide (MTT) reduction assay. The lymphocyte cultures 
were exposed to GSM modulated RF radiation at 1.8GHz for 6, 8, 24 and 48h with and 
without EGb 761. We observed morphological changes in pulse-modulated RF radiated 
lymphocytes. Longer exposure periods led to destruction of organelle and nucleus 
structures. Chromatin change and the loss of mitochondrial crista occurred in cells 
exposed to RF for 8h and 24h and were more pronounced in cells exposed for 48h. 
Cytoplasmic lysis and destruction of membrane integrity of cells and nuclei were also 
seen in 48h RF exposed cells. There was a significant increase (p<0.05) in SCE frequency 
in RF exposed lymphocytes compared to sham controls. EGb 761 pre-treatment 
significantly decreased SCE from RF radiation. RF radiation also inhibited cell viability in 
a time dependent manner. The inhibitory effects of RF radiation on the growth of 
lymphoctes were marked in longer exposure periods. EGb 761 pre-treatment 
significantly increased cell viability in RF+EGb 761 treated groups at 8 and 24h when 
compared to RF exposed groups alone. The results of our study showed that RF 
radiation affects cell morphology, increases SCE and inhibits cell proliferation. However, 
EGb 761 has a protective role against RF induced mutagenity. We concluded that RF 
radiation induces chromosomal damage in hPBLs but this damage may be reduced by 
EGb 761 pre-treatment.

Kim JY, Hong SY, Lee YM, Yu SA, Koh WS, Hong JR, Son T, Chang SK, Lee M. In vitro 
assessment of clastogenicity of mobile-phone radiation (835 MHz) using the alkaline 
comet assay and chromosomal aberration test. Environ Toxicol. 23(3):319-327, 2008.
Recently we demonstrated that 835-MHz radiofrequency radiation electromagnetic 
fields (RF-EMF) neither affected the reverse mutation frequency nor accelerated DNA 
degradation in vitro. Here, two kinds of cytogenetic endpoints were further investigated 
on mammalian cells exposed to 835-MHz RF-EMF (the most widely used communication 
frequency band in Korean CDMA mobile phone networks) alone and in combination 
with model clastogens: in vitro alkaline comet assay and in vitro chromosome 
aberration (CA) test. No direct cytogenetic effect of 835-MHz RF-EMF was found in the 
in vitro CA test. The combined exposure of the cells to RF-EMF in the presence of 
ethylmethanesulfonate (EMS) revealed a weak and insignificant cytogenetic effect when 
compared to cells exposed to EMS alone in CA test. Also, the comet assay results to 
evaluate the ability of RF-EMF alone to damage DNA were nearly negative, although 
showing a small increase in tail moment. However, the applied RF-EMF had potentiation
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effect in comet assay when administered in combination with model clastogens 
(cyclophosphamide or 4-nitroquinoline 1-oxide). Thus, our results imply that we cannot 
confidently exclude any possibility of an increased risk of genetic damage, with 
important implications for the possible health effects of exposure to 835-MHz 
electromagnetic fields.

Nikolova T, Czyz J, Rolletschek A, Blyszczuk P, Fuchs J, Jovtchev G, Schuderer J, Kuster 
N, Wobus AM. Electromagnetic fields affect transcript levels of apoptosis-related 
genes in embryonic stem cell-derived neural progenitor cells. ASEB J. 19(12):1686- 
1688, 2005.
Mouse embryonic stem (ES) cells were used as an experimental model to study the 
effects of electromagnetic fields (EMF). ES-derived nestin-positive neural progenitor 
cells were exposed to extremely low frequency EMF simulating power line magnetic 
fields at 50 Hz (ELF-EMF) and to radiofrequency EMF simulating the Global System for 
Mobile Communication (GSM) signals at 1.71 GHz (RF-EMF). Following EMF exposure, 
cells were analyzed for transcript levels of cell cycle regulatory, apoptosis-related, and 
neural-specific genes and proteins; changes in proliferation; apoptosis; and cytogenetic 
effects. Quantitative RT-PCR analysis revealed that ELF-EMF exposure to ES-derived 
neural cells significantly affected transcript levels of the apoptosis-related bcl-2, bax, 
and cell cycle regulatory "growth arrest DNA damage inducible" GADD45 genes, 
whereas mRNA levels of neural-specific genes were not affected. RF-EMF exposure of 
neural progenitor cells resulted in down-regulation of neural-specific Nurr1 and in up- 
regulation of bax and GADD45 mRNA levels. Short-term RF-EMF exposure for 6 h, but 
not for 48 h, resulted in a low and transient increase of DNA double-strand breaks. No 
effects of ELF- and RF-EMF on mitochondrial function, nuclear apoptosis, cell 
proliferation, and chromosomal alterations were observed. We may conclude that EMF 
exposure of ES-derived neural progenitor cells transiently affects the transcript level of 
genes related to apoptosis and cell cycle control. However, these responses are not 
associated with detectable changes of cell physiology, suggesting compensatory 
mechanisms at the translational and posttranslational level.

Maes A, Collier M, Slaets D, Verschaeve L, 954 MHz microwaves enhance the 
mutagenic properties of mitomycin C. Environ Mol Mutagen 28(1):26-30, 1996.
This paper focuses on the combined effects of microwaves from mobile communication 
frequencies and a chemical DNA damaging agent mitomycin C (MMC). The investigation 
was performed in vitro by exposing whole blood samples to a 954 MHz emitting 
antenna from a GSM (Global System for Mobile Communication) base station, followed 
by lymphocyte cultivation in the presence of MMC. A highly reproducible synergistic 
effect was observed as based on the frequencies of sister chromatid exchanges in 
metaphase figures.

Fritze K, Wiessner C, Kuster N, Sommer C, Gass P, Hermann DM, Kiessling M,Hossmann 
KA, Effect of global system for mobile communication microwave exposure on the 
genomic response of the rat brain. Neuroscience 81(3):627-639, 1997.
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The acute effect of global system for mobile communication (GSM) microwave exposure 
on the genomic response of the central nervous system was studied in rats by 
measuring changes in the messenger RNAs of hsp70, the transcription factor genes c-fos 
and c-jun and the glial structural gene GFAP using in situ hybridization histochemistry. 
Protein products of transcription factors, stress proteins and marker proteins of 
astroglial and microglial activation were assessed by immunocytochemistry. Cell 
proliferation was evaluated by bromodeoxyuridine incorporation. A special GSM 
radiofrequency test set, connected to a commercial cellular phone operating in the 
discontinuous transmission mode, was used to simulate GSM exposure. The study was 
conducted at time averaged and brain averaged specific absorption rates of 0.3 W/kg 
(GSM exposure), 1.5 W/kg (GSM exposure) and 7.5 W/kg (continuous wave exposure), 
respectively. Immediately after exposure, in situ hybridization revealed slight induction 
of hsp70 messenger RNA in the cerebellum and hippocampus after 7.5 W/kg exposure, 
but not at lower intensities. A slightly increased expression of c-fos messenger RNA was 
observed in the cerebellum, neocortex and piriform cortex of all groups subjected to 
immobilization, but no differences were found amongst different exposure conditions. 
C-jun and GFAP messenger RNAs did not increase in any of the experimental groups. 24 
h after exposure, immunocytochemical analysis of FOS and JUN proteins (c-FOS, FOS B, 
c-JUN JUN B, JUN D), of HSP70 or of KROX-20 and -24 did not reveal any alterations. 
Seven days after exposure, neither increased cell proliferation nor altered expression of 
astroglial and microglial marker proteins were observed. In conclusion, acute high 
intensity microwave exposure of immobilized rats may induce some minor stress 
response but does not result in lasting adaptive or reactive changes of the brain.

Baohong Wang, Jiliang H, Lifen J, Deqiang L, Wei Z, Jianlin L, Hongping D. Studying the 
synergistic damage effects induced by 1.8GHz radiofrequency field radiation (RFR) 
with four chemical mutagens on human lymphocyte DNA using comet assay in vitro. 
Mutat Res. 578(1-2):149-157, 2005.
The aim of this investigation was to study the synergistic DNA damage effects in human 
lymphocytes induced by 1.8GHz radiofrequency field radiation (RFR, SAR of 3W/kg) with 
four chemical mutagens, i.e. mitomycin C (MMC, DNA crosslinker), bleomycin (BLM, 
radiomimetic agent), methyl methanesulfonate (MMS, alkylating agent), and 4- 
nitroquinoline-1-oxide (4NQO, UV-mimetic agent). The DNA damage of lymphocytes 
exposed to RFR and/or with chemical mutagens was detected at two incubation time (0 
or 21h) after treatment with comet assay in vitro. Three combinative exposure ways 
were used. Cells were exposed to RFR and chemical mutagens for 2 and 3h, respectively. 
Tail length (TL) and tail moment (TM) were utilized as DNA damage indexes. The results 
showed no difference of DNA damage indexes between RFR group and control group at 
0 and 21h incubation after exposure (P>0.05). There were significant difference of DNA 
damage indexes between MMC group and RFR+MMC co-exposure group at 0 and 21h 
incubation after treatment (P<0.01). Also the significant difference of DNA damage 
indexes between 4NQO group and RFR+4NQO co-exposure group at 0 and 21h 
incubation after treatment was observed (P<0.05 or P<0.01). The DNA damage in 
RFR+BLM co-exposure groups and RFR+MMS co-exposure groups was not significantly
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increased, as compared with corresponding BLM and MMS groups (P>0.05). The 
experimental results indicated 1.8GHz RFR (SAR, 3W/kg) for 2h did not induce the 
human lymphocyte DNA damage effects in vitro, but could enhance the human 
lymphocyte DNA damage effects induced by MMC and 4NQO. The synergistic DNA 
damage effects of 1.8GHz RFR with BLM or MMS were not obvious.

Baohong W, Lifen J, Lanjuan L, Jianlin L, Deqiang L, Wei Z, Jiliang H.Evaluating the 
combinative effects on human lymphocyte DNA damage induced by ultraviolet ray C 
plus 1.8GHz microwaves using comet assay in vitro.Toxicology. 232(3):311-316, 2007.
The objective of this study was to observe whether 1.8GHz microwaves (MW) (SAR, 3 
W/kg) exposure can influence human lymphocyte DNA damage induced by ultraviolet 
ray C (UVC). The lymphocytes, which were from three young healthy donors, were 
exposed to 254 nm UVC at the doses of 0.25, 0.5, 0.75, 1.0, 1.5 and 2.0 J m(-2), 
respectively. The lymphocytes were irradiated by 1.8GHz MW (SAR, 3 W/kg) for 0, 1.5 
and 4 h. The combinative exposure of UVC plus MW was conducted. The treated cells 
were incubated for 0, 1.5 and 4 h. Finally, comet assay was used to measure DNA 
damage of above treated lymphocytes. The results indicated that the difference of DNA 
damage induced between MW group and control group was not significant (P>0.05).
The MTLs induced by UVC were 1.71+/-0.09, 2.02+/-0.08, 2.27+/-0.17, 2.27+/-0.06, 
2.25+/-0.12, 2.24+/-0.11 microm, respectively, which were significantly higher than that 
(0.96+/-0.05 microm) of control (P<0.01). MTLs of some sub-groups in combinative 
exposure groups at 1.5-h incubation were significantly lower that those of 
corresponding UVC sub-groups (P<0.01 or P<0.05). However, MTLs of some sub-groups 
in combinative exposure groups at 4-h incubation were significantly higher that those of 
corresponding UVC sub-groups (P<0.01 or P<0.05). In this experiment it was found that 
1.8GHz (SAR, 3 W/kg) MW exposure for 1.5 and 4 h did not enhance significantly human 
lymphocyte DNA damage, but could reduce and increase DNA damage of human 
lymphocytes induced by UVC at 1.5-h and 4-h incubation, respectively.

Canseven AG, Esmekaya MA, Kayhan H, Tuysuz MZ, Seyhan N. Effects of microwave 
exposure and Gemcitabine treatment on apoptotic activity in Burkitt's lymphoma 
(Raji) cells. Electromagn Biol Med. 2014 Jun 5:1-5. [Epub ahead of print]
We investigated the effects of 1.8 MHz Global System for Mobile Communications 
(GSM)-modulated microwave (MW) radiation on apoptotic level and cell viability of 
Burkitt's lymphoma (Raji) cells with or without Gemcitabine, which exhibits cell phase 
specificity, primarily killing cells undergoing DNA synthesis (S-phase). Raji cells were 
exposed to 1.8 GHz GSM-modulated MW radiation at a specific absorption rate (SAR) of
0.350 W/kg in a CO2 incubator. The duration of the exposure was 24 h. The amount of 
apoptotic cells was analyzed using Annexin V-FITC and propidium iodide (PI) staining 
with flow cytometer. The apoptotic activity of MW exposed Raji cells was increased 
significantly. In addition, cell viability of exposed samples was significantly decreased. 
Combined exposure of MW and Gemcitabine increased the amount of apoptotic cells 
than MW radiation alone. Moreover, viability of MW + Gemcitabine exposed cells was 
lower than that of cells exposed only to MW. These results demonstrated that MW
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radiation exposure and Gemcitabine treatment have a synergistic effect on apoptotic 
activity of Raji cells.

Effects on Glands

Aydogan F, Unlu I, Aydin E, Yumusak N, Devrim E, Samim EE, Ozgur E, Unsal V, Tomruk 
A, Ozturk GG, Seyhan N. The effect of 2100 MHz radiofrequency radiation of a 3G 
mobile phone on the parotid gland of rats. Am J Otolaryngol. 2014 Oct 5. pii: S0196- 
0709(14)00207-5. doi: 10.1016/j.amjoto.2014.10.001. [Epub ahead of print]

PURPOSE: We aimed to evaluate the effect of 2100 MHz radiofrequency radiation on 
the parotid gland of rats in short and relatively long terms. MATERIAL AND METHODS: 
Thirty Wistar albino rats were divided into four groups. Groups A and B served as the 
control groups (for 10 days and 40 days, respectively), and each group included six rats. 
Groups C and D were composed of nine rats each, and they were the exposure groups. 
The rats were exposed to 2100 MHz radiofrequency radiation emitted by a generator, 
simulating a third generation mobile phone for 6 hours/day, 5 days/week, for 10 or 40 
days. Following exposure, the rats were sacrificed and parotid glands were removed. 
Histopathological and biochemical examinations were performed. RESULTS: Although 
there were no histopathological changes in the control groups except for two animals in 
group A and three animals in group B, the exposure groups C (10 days) and D (40 days) 
showed numerous histopathological changes regarding salivary gland damage including 
acinar epithelial cells, interstitial space, ductal system, vascular system, nucleus, amount 
of cytoplasm and variations in cell size. The histopathological changes were more 
prominent in group D compared to group C. There was statistically significant different 
parameter regarding variation in cell size between the groups B and D (p=0.036). 
CONCLUSION: The parotid gland of rats showed numerous histopathological changes 
after exposure to 2100 MHz radiofrequency radiation, both in the short and relatively 
long terms. Increased exposure duration led to an increase in the histopathological 
changes.

Effects on Animals and Environment

Panagopoulos DJ, Chavdoula ED, Margaritis LH. Bioeffects of mobile telephony 
radiation in relation to its intensity or distance from the antenna. Int J Radiat Biol. 
86(5):345-357, 2010.
PURPOSE: To examine the bioactivity of GSM 900 and 1800 (Global System for Mobile 
Telecommunications) radiations, in relation to the distance from the antenna or to the 
radiation-field intensities. MATERIALS AND METHODS: Drosophila melanogaster adult 
insects were exposed to the radiation of a GSM 900/1800 mobile phone antenna at 
different distances ranging from 0 to 100 cm, and the effect on their reproductive 
capacity and cell death induction in the gonads by the use of TUNEL (Terminal
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deoxynucleotide transferase dUTP Nick End Labeling) assay, was studied. RESULTS: 
These radiations/fields decreased the reproductive capacity by cell death induction, at 
all the different distances tested. The effect diminished with the distance/decreasing 
intensities. An increased bioactivity 'window' was revealed at distances of 20-30 cm 
from the mobile phone antenna, (radiation intensity around 10 microW/cm(2)) where 
the effect became highest, in relation to smaller or longer distances. The effect 
diminished considerably for distances longer than 40-50 cm and became not evident for 
distances longer than 1 m or radiation intensities smaller than 1 microW/cm(2). 
CONCLUSIONS: GSM bioactivity is highest for intensities down to less than 10 
microW/cm(2) and still evident until 1 microW/cm(2) exhibiting 'window' effects

Loscher W, Kas G, Extraordinary behavior disorders in cows in proximity to 
transmission stations. Der Praktische Tierarz 79:437-444, 1998. (Article in German)
In addition to reduction of milk yield and increased health problems, behavioral 
abnormalities were observed over a period of two years in a herd of diary cows 
maintained in close proximity to a TV and cell phone transmitting antenna. Evaluation of 
possible factors which could explain the abnormalities in the live stock did not disclose 
any factors other than the high-frequency electromagnetic fields. An experiment in 
which a cow with abnormal behavior was brought to a stable 20 km away from the 
antenna resulted in a complete normalization of the cow within five days, whereas 
symptoms returned when the cow was brought back to the stable nearby the antenna.
In view of the previous described effects of electromagnetic fields, it might be possible 
that the observed abnormalities in cows are related to electromagnetic field exposure. 
(power densities measured 0.02-7 mW/m2).

Koldayev VM, Shchepin YV, Effects of electromagnetic radiation on embryos of sea- 
urchins. Bioelectrochem Bioenerg 43:161-164, 1997.
Electromagnetic radiation (EMR) causes a decrease in the number of fertilized eggs and 
an increase in the number of zygotes with abnormal fertilization envelopes in sea- 
urchins. The microstructural impairments of the cellular surface, the increase of lipid 
peroxidation and the changes of amino acid metabolism show that the impairments of 
the development of embryos exposed to EMR are caused by the damages of the 
membrane structures.

Cammaerts MC, De Doncker P, Patris X, Bellens F, Rachidi Z, Cammaerts_D. GSM 
900 MHz radiation inhibits ants' association between food sites and encountered cues. 
Electromagn Biol Med. 31(2):151-165, 2012.
The kinetics of the acquisition and loss of the use of olfactory and visual cues were 
previously obtained in six experimental colonies of the ant Myrmica sabuleti meinert 
1861, under normal conditions. In the present work, the same experiments were 
conducted on six other naive identical colonies of M. sabuleti, under electromagnetic 
radiation similar to those surrounding GSM and communication masts. In this situation, 
no association between food and either olfactory or visual cues occurred. After a 
recovery period, the ants were able to make such an association but never reached the
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expected score. Such ants having acquired a weaker olfactory or visual score and still 
undergoing olfactory or visual training were again submitted to electromagnetic waves. 
Not only did they lose all that they had memorized, but also they lost it in a few hours 
instead of in a few days (as under normal conditions when no longer trained). They kept 
no visual memory at all (instead of keeping 10% of it as they normally do). The impact of 
GSM 900 MHz radiation was greater on the visual memory than on the olfactory one. 
These communication waves may have such a disastrous impact on a wide range of 
insects using olfactory and/or visual memory, i.e., on bees.

Senavirathna MD, Asaeda T, Thilakarathne BL, Kadono H. Nanometer-scale elongation 
rate fluctuations in the Myriophyllum aquaticum (Parrot feather) stem were altered 
by radio-frequency electromagnetic radiation. Plant Signal Behav. 2014 Mar 26;9(3). 
pii: e28590. [Epub ahead of print]
The emission of radio-frequency electromagnetic radiation (EMR) by various wireless 
communication base stations has increased in recent years. While there is wide concern 
about the effects of EMR on humans and animals, the influence of EMR on plants is not 
well understood. In this study, we investigated the effect of EMR on the growth 
dynamics of Myriophyllum aquaticum (Parrot feather) by measuring the nanometric 
elongation rate fluctuation (NERF) using a statistical interferometry technique. Plants 
were exposed to 2 GHz EMR at a maximum of 1.42 Wm-2 for 1 h. After continuous 
exposure to EMR, M. aquaticum plants exhibited a statistically significant 51 ± 16% 
reduction in NERF standard deviation. Temperature observations revealed that EMR 
exposure did not cause dielectric heating of the plants. Therefore, the reduced NERF 
was due to a non-thermal effect caused by EMR exposure. The alteration in NERF 
continued for at least 2.5 h after EMR exposure and no significant recovery was found in 
post-EMR NERF during the experimental period.

Balmori A. Mobile Phone Mast Effects on Common Frog (Rana temporaria) Tadpoles: 
The City Turned into a Laboratory. Electromagn Biol Med. 29(1-2):31-35, 2010.
An experiment has been made exposing eggs and tadpoles of the common frog (Rana 
temporaria) to electromagnetic radiation from several mobile (cell) phone antennae 
located at a distance of 140 meters. The experiment lasted two months, from the egg 
phase until an advanced phase of tadpole prior to metamorphosis. Measurements of 
electric field intensity (radiofrequencies and microwaves) in V/m obtained with three 
different devices were 1.8 to 3.5 V/m. In the exposed group (n = 70), low coordination of 
movements, an asynchronous growth, resulting in both big and small tadpoles, and a 
high mortality (90%) was observed. Regarding the control group (n = 70) under the same 
conditions but inside a Faraday cage, the coordination of movements was normal, the 
development was synchronous, and a mortality of 4.2% was obtained. These results 
indicate that radiation emitted by phone masts in a real situation may affect the 
development and may cause an increase in mortality of exposed tadpoles. This research 
may have huge implications for the natural world, which is now exposed to high 
microwave radiation levels from a multitude of phone masts.
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Balode, Z, Assessment of radio-frequency electromagnetic radiation by the 
micronucleus test in bovine peripheral erythrocytes. Sci Total Environ 180(1):81-85, 
1996.
Previous bioindicative studies in the Skrunda Radio Location Station area have focused 
on the somatic influence of electromagnetic radiation on plants, but it is also important 
to study genetic effects. We have chosen cows as test animals for cytogenetical 
evaluation because they live in the same general exposure area as humans, are confined 
to specific locations and are chronically exposed to radiation. Blood samples were 
obtained from female Latvian Brown cows from a farm close to and in front of the 
Skrunda Radar and from cows in a control area. A simplified alternative to the Schiff 
method of DNA staining for identification of micronuclei in peripheral erythrocytes was 
applied. Microscopically, micronuclei in peripheral blood erythrocytes were round in 
shape and exhibited a strong red colour. They are easily detectable as the only coloured 
bodies in the uncoloured erythrocytes. From each individual animal 2000 erythrocytes 
were examined at a magnification of x 1000 for the presence of micronuclei. The 
counting of micronuclei in peripheral erythrocytes gave low average incidences, 0.6 per 
1000 in the exposed group and 0.1 per 1000 in the control, but statistically significant (P 
< 0.01) differences were found in the frequency distribution between the control and 
exposed groups.

Effects on Skin

Cam ST, Seyhan N, Kavakli C, Celikbigak O. Effects of 900 MHz Radiofrequency 
Radiation on Skin Hydroxyproline Contents. Cell Biochem Biophys. 2014 Apr 24. [Epub 
ahead of print]
The present study aimed to investigate the possible effect of pulse-modulated 
radiofrequency radiation (RFR) on rat skin hydroxyproline content, since skin is the first 
target of external electromagnetic fields. Skin hydroxyproline content was measured 
using liquid chromatography mass spectrometer method. Two months old male wistar 
rats were exposed to a 900 MHz pulse-modulated RFR at an average whole body specific 
absorption rate (SAR) of 1.35 W/kg for 20 min/day for 3 weeks. The radiofrequency (RF) 
signals were pulse modulated by rectangular pulses with a repetition frequency of 
217 Hz and a duty cycle of 1:8 (pulse width 0.576 ms). A skin biopsy was taken at the 
upper part of the abdominal costa after the exposure. The data indicated that whole 
body exposure to a pulse-modulated RF radiation that is similar to that emitted by the 
global system for mobile communications (GSM) mobile phones caused a statistically 
significant increase in the skin hydroxyproline level (p = 0.049, Mann-Whitney U test). 
Under our experimental conditions, at a SAR less than the International Commission on 
Non-Ionizing Radiation Protection safety limit recommendation, there was evidence 
that GSM signals could alter hydroxyproline concentration in the rat skin.
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Effects on Protein

Hassig M, Wullschleger M, Naegeli HP, Kupper J, Spiess B, Kuster N, Capstick M, 
Murbach M. Influence of non ionizing radiation of base stations on the activity of 
redox proteins in bovines. BMC Vet Res. 2014 Jun 19;10(1):136. [Epub ahead of print]
BACKGROUND: The influence of electromagnetic fields on the health of humans and 
animals is still an intensively discussed and scientifically investigated issue (Prakt Tierarzt 
11:15-20, 2003; Umwelt Medizin Gesellschaft 17:326-332, 2004; J Toxicol Environment 
Health, Part B 12:572-597, 2009). We are surrounded by numerous electromagnetic 
fields of variable strength, coming from electronic equipment and its power cords, from 
high-voltage power lines and from antennas for radio, television and mobile 
communication. Particularly the latter cause's controversy, as everyone likes to have 
good mobile reception at anytime and anywhere, whereas nobody wants to have such a 
base station antenna in their proximity. RESULTS: In this experiment, the non-ionizing 
radiation (NIR) has resulted in changes in the enzyme activities. Certain enzymes were 
disabled, others enabled by NIR. Furthermore, individual behavior patterns were 
observed. While certain cows reacted to NIR, others did not react at all, or even 
inversely. CONCLUSION: The present results coincide with the information from the 
literature, according to which NIR leads to changes in redox proteins, and that there are 
individuals who are sensitive to radiation and others that are not. However, the latter 
could not be distinctly attributed - there are cows that react clearly with one enzyme 
while they do not react with another enzyme at all, or even the inverse. The study 
approach of testing ten cows each ten times during three phases has proven to be 
appropriate. Future studies should however set the post-exposure phase later on.

Effects on Immune Function

Li CY, Liao MH, Lin CW, Tsai WS, Huang CC, Tang TK. Inhibitory Effects of Microwave 
Radiation on LPS-Induced NFkB Expression in THP-1 Monocytes. Chin J Physiol. 
55(6):421-427, 2012.
Microwave radiations can be encountered regularly in daily lives. When WHO 
announced that microwave radiations were a kind of environmental energy which 
interfere with the physiological functions of the human body, great concerns have been 
raised over the damages microwave frequencies can do to human physiology. The 
immunological performance and the activities of the cellular inflammatory factor NFkB 
have been closely related in monocyte. Due to the effect of phorbol 12-myristate 13- 
acetate (PMA) on THP-1 monocytes, THP-1 monocytes would differentiate into 
macrophages and would then react with lipopolysaccharides (LPS), and the amount of 
NFkB increased in the THP-1 monocytes. Expression of cytokine is affected when cells 
are exposed to a frequency of 2450 MHz and at 900 W. Thus, in our experiments, an 
observation was made when THP-1 monocytes were stimulated with PMA and LPS to 
differentiate into macrophage, the amount of NFkB in cells increased exponentially, and
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the levels of NFkB expression were decreased by the exposure of microwave radiation.
In conclusion, microwave radiations were found to inhibit the activity functions of THP-1 
monocytes stimulated with PMA and LPS.

Electro Hypersensitivity

Nordin S, Neely G, Olsson D, Sandstrom M. Odor and Noise Intolerance in Persons 
with Self-Reported Electromagnetic Hypersensitivity. Int J Environ Res Public Health. 
11(9):8794-8805, 2014.
Lack of confirmation of symptoms attributed to electromagnetic fields (EMF) and 
triggered by EMF exposure has highlighted the role of individual factors. Prior 
observations indicate intolerance to other types of environmental exposures among 
persons with electromagnetic hypersensitivity (EHS). This study assessed differences in 
odor and noise intolerance between persons with EHS and healthy controls by use of 
subscales and global measures of the Chemical Sensitivity Scale (CSS) and the Noise 
Sensitivity Scale (NSS). The EHS group scored significantly higher than the controls on all 
CSS and NSS scales. Correlation coefficients between CSS and NSS scores ranged from
0.60 to 0.65 across measures. The findings suggest an association between EHS and 
odor and noise intolerance, encouraging further investigation of individual factors for 
understanding EMF-related symptoms.

RF Levels in Cities

Urbinello D, Huss A, Beekhuizen J, Vermeulen R, Roosli M. Use of portable exposure 
meters for comparing mobile phone base station radiation in different types of areas 
in the cities of Basel and Amsterdam. Sci Total Environ. 468-469:1028-1033, 2014.

BACKGROUND: Radiofrequency electromagnetic fields (RF-EMF) are highly variable and 
differ considerably within as well as between areas. Exposure assessment studies 
characterizing spatial and temporal variation are limited so far. Our objective was to 
evaluate sources of data variability and the repeatability of daily measurements using 
portable exposure meters (PEMs). METHODS: Data were collected at 12 days between 
November 2010 and January 2011 with PEMs in four different types of urban areas in 
the cities of Basel (BSL) and Amsterdam (AMS). RESULTS: Exposure from mobile phone 
base stations ranged from 0.30 to 0.53 V/m in downtown and business areas and in 
residential areas from 0.09 to 0.41 V/m. Analysis of variance (ANOVA) demonstrated 
that measurements from various days were highly reproducible (measurement duration 
of approximately 30 min) with only 0.6% of the variance of all measurements from 
mobile phone base station radiation being explained by the measurement day and only
0.2% by the measurement time (morning, noon, afternoon), whereas type of area (30%) 
and city (50%) explained most of the data variability. CONCLUSIONS: We conclude that 
mobile monitoring of exposure from mobile phone base station radiation with PEMs is
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useful due to the high repeatability of mobile phone base station exposure levels, 
despite the high spatial variation.

Urbinello D, Joseph W, Verloock L, Martens L, Roosli M. Temporal trends of radio
frequency electromagnetic field (RF-EMF) exposure in everyday environments across 
European cities. Environ Res. 2014 Aug 12;134C:134-142. doi: 
10.1016/j.envres.2014.07.003. [Epub ahead of print]
BACKGROUND: The rapid development and increased use of wireless 
telecommunication technologies led to a substantial change of radio-frequency 
electromagnetic field (RF-EMF) exposure in the general population but little is known 
about temporal trends of RF-EMF in our everyday environment. OBJECTIVES: The 
objective of our study is to evaluate temporal trends of RF-EMF exposure levels in 
different microenvironments of three European cities using a common measurement 
protocol. METHODS: We performed measurements in the cities of Basel (Switzerland), 
Ghent and Brussels (Belgium) during one year, between April 2011 and March 2012. RF- 
EMF exposure in 11 different frequency bands ranging from FM (Frequency Modulation, 
88MHz) to WLAN (Wireless Local Area Network, 2.5GHz) was quantified with portable 
measurement devices (exposimeters) in various microenvironments: outdoor areas 
(residential areas, downtown and suburb), public transports (train, bus and tram or 
metro rides) and indoor places (airport, railway station and shopping centers). 
Measurements were collected every 4s during 10-50min per environment and 
measurement day. Linear temporal trends were analyzed by mixed linear regression 
models. RESULTS: Highest total RF-EMF exposure levels occurred in public transports 
(all public transports combined) with arithmetic mean values of 0.84V/m in Brussels,
0.72V/m in Ghent, and 0.59V/m in Basel. In all outdoor areas combined, mean exposure 
levels were 0.41V/m in Brussels, 0.31V/m in Ghent and 0.26V/m in Basel. Within one 
year, total RF-EMF exposure levels in all outdoor areas in combination increased by 
57.1% (p<0.001) in Basel by 20.1% in Ghent (p=0.053) and by 38.2% (p=0.012) in 
Brussels. Exposure increase was most consistently observed in outdoor areas due to 
emissions from mobile phone base stations. In public transports RF-EMF levels tended 
also to increase but mostly without statistical significance. DISCUSSION: An increase of 
RF-EMF exposure levels has been observed between April 2011 and March 2012 in 
various microenvironments of three European cities. Nevertheless, exposure levels were 
still far below regulatory limits of each country. A continuous monitoring is needed to 
identify high exposure areas and to anticipate critical development of RF-EMF exposure 
at public places.

Estenberg J, Augustsson T. Extensive frequency selective measurements of 
radiofrequency fields in outdoor environments performed with a novel mobile 
monitoring system. Bioelectromagnetics. 2013 Dec 27. doi: 10.1002/bem.21830. [Epub 
ahead of print]
A novel, car based, measuring system for estimation of general public outdoor exposure 
to radiofrequency fields (RF) has been developed. The system enables fast, large area, 
isotropic spectral measurements with a bandwidth covering the frequency range of
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30 MHz to 3 GHz. Measurements have shown that complete mapping of a town with 
15000 inhabitants and a path length of 115 km is possible to perform within 1 day. The 
measured areas were chosen to represent typical rural, urban and city areas of Sweden. 
The data sets consist of more than 70000 measurements. All measurements were 
performed during the daytime. The median power density was 16 ^W/m2 in rural areas, 
270 |aW/m2 in urban areas, and 2400 |aW/m2 in city areas. In urban and city areas, base 
stations for mobile phones were clearly the dominating sources of exposure.

Effects on Water

Hinrikus H, Lass J, Karai D, Pilt K, Bachmann M. Microwave effect on diffusion: a 
possible mechanism for non-thermal effect. Electromagn Biol Med. 23:1-7, 2014.
In this study, we assume that microwave radiation affects hydrogen bonding between 
dipolar water molecules and through that diffusion in water at constant temperature. 
The experimental study was performed on the setup of two identical reservoirs filled 
with pure water and 0.9% NaCl solution and connected by a thin tube. Alterations of 
NaCl concentration in the reservoir initially filled with pure water were measured using 
the resistance of the solution as an indicator. The applied 450 MHz continuous-wave 
microwave field had the maximal specific absorption rate of 0.4 W/kg on the connecting 
tube. The standard deviation of water temperature in the setup was 0.02 °C during an 
experiment. Our experimental data demonstrated that microwave exposure makes 
faster the process of diffusion in water. The time required for reduction of initial 
resistance of the solution by 10% was 1.7 times shorter with microwave. This result is 
consistent with the proposed mechanism of low-level microwave effect: microwave 
radiation, rotating dipolar water molecules, causes high-frequency alterations of 
hydrogen bonds between water molecules, thereby affects its viscosity and makes 
faster diffusion.

RF Levels From Cell Towers

Martinez-Burdalo M, Martin A, Anguiano M, Villar R. On the safety assessment of 
human exposure in the proximity of cellular communications base-station antennas at 
900, 1800 and 2170 MHz. Phys Med Biol. 50(17):4125-4137, 2005.
In this work, the procedures for safety assessment in the close proximity of cellular 
communications base-station antennas at three different frequencies (900, 1800 and 
2170 MHz) are analysed. For each operating frequency, we have obtained and 
compared the distances to the antenna from the exposure places where 
electromagnetic fields are below reference levels and the distances where the specific 
absorption rate (SAR) values in an exposed person are below the basic restrictions, 
according to the European safety guidelines. A high-resolution human body model has 
been located, in front of each base-station antenna as a worst case, at different 
distances, to compute whole body averaged SAR and maximum 10 g averaged SAR
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inside the exposed body. The finite-difference time-domain method has been used for 
both electromagnetic fields and SAR calculations. This paper shows that, for antenna- 
body distances in the near zone of the antenna, the fact that averaged field values be 
below the reference levels could, at certain frequencies, not guarantee guidelines 
compliance based on basic restrictions.

Hu J, Lu Y, Zhang H, Xie H, Yang X. [Level of microwave radiation from mobile phone 
base stations built in residential districts] Wei Sheng Yan Jiu. 38(6):712-716, 2009.
[Article in Chinese]
OBJECTIVE: To investigate the condition of microwave radiation pollution from mobile 
phone base station built in populated area. METHODS: Random selected 18 residential 
districts where had base station and 10 residential districts where had no base stations. 
A TES-92 electromagnetic radiation monitor were used to measure the intensity of 
microwave radiation in external and internal living environment. RESULTS: The 
intensities of microwave radiation in the exposure residential districts were more higher 
than those of the control residential districts (p < 0.05). There was a intensity peak at 
about 10 m from the station, it would gradually weaken with the increase of the 
distance. The level of microwave radiation in antenna main lobe region is not certainly 
more higher than the side lobe direction, and the side lobe direction also is not more 
lower. At the same district, where there were two base stations, the electromagnetic 
field nestification would take place in someplace. The intensities of microwave radiation 
outside the exposure windows in the resident room not only changed with distance but 
also with the height of the floor. The intensities of microwave radiation inside the 
aluminum alloys security net were more lower than those of outside the aluminum 
alloys security net (p < 0.05), but the inside or outside of glass-window appears almost 
no change (p > 0.05). CONCLUSIONS: Although all the measure dates on the ground 
around the base station could be below the primary standard in "environment 
electromagnetic wave hygienic standard” (GB9175-88), there were still a minorities of 
windows which exposed to the base station were higher, and the outside or inside of a 
few window was even higher beyond the primary safe level defined standard. The 
aluminum alloys security net can partly shield the microwave radiation from the mobile 
phone base station.

Danger Perception and Symptoms

Hutter HP, Moshammer H, Wallner P, Kundi M. Public perception of risk concerning 
cell towers and mobile phones. Soz Praventivmed. 49(1):62-66, 2004.
OBJECTIVE: The controversy about health risks of electromagnetic fields (EMF) has 
contributed in raising fears concerning emissions from celltowers. The study was to 
examine whether or not neighbours of celltowers are particularly concerned about 
adverse health effects of mobile phones and their base stations. METHODS: Prior to 
information delivered by medical doctors of the Institute of Environmental Health at 
public hearings a questionnaire was handed out to participants asking for their personal
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rating of several environmental health risks including those of mobile 
telecommunication (n = 123, response rate approx. 48%). Medical students (n = 366) 
served as a contrast group. RESULTS: Participants rated health risk for both, mobile 
phones and celltowers higher as students. A trend for higher ratings was also seen with 
older subjects and female sex. The risk ratings of both exposures correlated well with 
each other. The magnitude of the perceived risks, however, resembled that of other 
ubiquitous exposures like traffic noise and air pollution. CONCLUSION: Contrary to the 
claims of the telecommunication industry, opponents of celltowers generally do not 
express unusual fears concerning electromagnetic field exposure. The outcome of our 
study indicates that the risk rating is comparable with other perceived common hazards 
of the civilised world. It is hypothesised that offering information and participation to 
the concerned population will be efficient in reducing exaggerated fears.

Reason Why Not A Lot Of Studies on Cell Towers

Kundi M, Hutter HP.Mobile phone base stations-Effects on wellbeing and 
health.Pathophysiology. 16(2-3):123-135, 2009.
Studying effects of mobile phone base station signals on health have been discouraged 
by authoritative bodies like WHO International EMF Project and COST 281. WHO 
recommended studies around base stations in 2003 but again stated in 2006 that 
studies on cancer in relation to base station exposure are of low priority. As a result only 
few investigations of effects of base station exposure on health and wellbeing exist. 
Cross-sectional investigations of subjective health as a function of distance or measured 
field strength, despite differences in methods and robustness of study design, found 
indications for an effect of exposure that is likely independent of concerns and 
attributions. Experimental studies applying short-term exposure to base station signals 
gave various results, but there is weak evidence that UMTS and to a lesser degree GSM 
signals reduce wellbeing in persons that report to be sensitive to such exposures. Two 
ecological studies of cancer in the vicinity of base stations report both a strong increase 
of incidence within a radius of 350 and 400m respectively. Due to the limitations 
inherent in this design no firm conclusions can be drawn, but the results underline the 
urgent need for a comprehensive investigation of this issue. Animal and in vitro studies 
are inconclusive to date. An increased incidence of DMBA induced mammary tumors in 
rats at a SAR of 1.4W/kg in one experiment could not be replicated in a second trial. 
Indications of oxidative stress after low-level in vivo exposure of rats could not be 
supported by in vitro studies of human fibroblasts and glioblastoma cells. From available 
evidence it is impossible to delineate a threshold below which no effect occurs, 
however, given the fact that studies reporting low exposure were invariably negative it 
is suggested that power densities around 0.5-1mW/m(2) must be exceeded in order to 
observe an effect. The meager data base must be extended in the coming years. The 
difficulties of investigating long-term effects of base station exposure have been 
exaggerated, considering that base station and handset exposure have almost nothing
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in common both needs to be studied independently. It cannot be accepted that studying 
base stations is postponed until there is firm evidence for mobile phones.

Miscellaneous Effects

Panagopoulos, D. J., Johansson O. & Carlo G.L. Polarization: A Key Difference between 
Man-made and Natural Electromagnetic Fields, in regard to Biological Activity. Sci.
Rep. 5, 14914; doi: 10.1038/srep14914 (2015). Published online Oct 12, 2015.
In the present study we analyze the role of polarization in the biological activity of 
Electromagnetic Fields (EMFs)/Electromagnetic Radiation (EMR). All types of man-made 
EMFs/EMR - in contrast to natural EMFs/EMR - are polarized. Polarized EMFs/EMR can 
have increased biological activity, due to: 1) Ability to produce constructive interference 
effects and amplify their intensities at many locations. 2) Ability to force all 
charged/polar molecules and especially free ions within and around all living cells to 
oscillate on parallel planes and in phase with the applied polarized field. Such ionic 
forced-oscillations exert additive electrostatic forces on the sensors of cell membrane 
electro-sensitive ion channels, resulting in their irregular gating and consequent 
disruption of the cell's electrochemical balance. These features render man-made 
EMFs/EMR more bioactive than natural non-ionizing EMFs/EMR. This explains the 
increasing number of biological effects discovered during the past few decades to be 
induced by man-made EMFs, in contrast to natural EMFs in the terrestrial environment 
which have always been present throughout evolution, although human exposure to the 
latter ones is normally of significantly higher intensities/energy and longer durations. 
Thus, polarization seems to be a trigger that significantly increases the probability for 
the initiation of biological/health effects.

Dhami AK. Study of electromagnetic radiation pollution in an Indian city. Environ 
Monit Assess.184(11):6507-6512, 2012.
Abstract. Electromagnetic radiation emitted by cell phone towers is a form of 
environmental pollution and is a new health hazard, especially to children and patients. 
The present studies were taken to estimate the microwave/RF pollution by measuring 
radiation power densities near schools and hospitals of Chandigarh city in India. The cell 
phone radiations were measured using a handheld portable power density meter TES 
593 and specific absorption rates were estimated from the measured values. These 
values of electromagnetic radiation in the environment were compared with the levels 
at which biological system of humans and animals starts getting affected. The values 
were also compared with the international exposure limits set by the International 
Commission on Non-Ionizing Radiation Protection (ICNIRP). The highest measured 
power density was 11.48 mW/m(2) which is 1,148% of the biological limit. The results 
indicated that the exposure levels in the city were below the ICNIRP limit, but much 
above the biological limit.
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Abstract
Objectives: The aim of our study was to assess the health conditions and subjective symptoms of the inhabitants living 
in the base stations vicinity and to analyse the relationship between the complaints and level of exposure to electromag
netic fields (EMF). Materials and Methods: Our study was performed in housing estates located in five regions of Lodz. 
The electric field measurements were performed in the buildings located closest to the azimuth of the antennas. Respon
dents were selected by trained interviewers using an uniform procedure. The number of the households to be examined 
was set at a minimum of 420. The questionnaire contained: demographic data, occupational and environmental exposure 
to EMF, health condition, subjective complaints. Results were adjusted for confounders (age, gender, EMF at the work
place and EMF emitted by household equipment) using multiple regression model. Results: 181 men and 319 women 
from 500 households were examined. Electric field above 0.8 V/m was recorded in 12% of flats. There was no significant 
correlation between electric field strength and the distance of examined flats from the base stations. To make possible 
comparison with relevant literature, we analysed also the frequency of the reported symptoms vs. the distance. Headache 
was declared by 57% people, most frequently (36.4%) living 100-150 m away from the base station compared to people 
living at longer distances (p = 0.013). 24.4% subjects, mostly living at a distance above 150 m, declared impaired memory. 
Difference was statistically significant in comparison with people living at other distances (p = 0.004). Conclusions: The ex
planation why we did not find any correlation between the electric field strength and frequency of subjective symptoms but 
found a correlation between subjective symptoms and distance from base station needs further studies. Maybe new metrics 
of exposure assessment should be adopted for this purpose.
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INTRODUCTION

The rapid development of mobile phone systems has re

sulted in growing concern about possible adverse health 

effects of exposure to electromagnetic fields (EMF) 

emitted by those systems. While bioelectromagnetics 

experts are concerned primarily with possible adverse 

effects of the hand-held telephones (terminals), the gen

eral opinion seems to be considerably more concerned 

about the base stations. Data from mobile phone op

erators in Poland show that construction of almost half 

of the base stations was protested by the inhabitants of 

the houses located in the vicinity of those stations. Con

cern about health was stated to be the main reason of 

the protests. Those protests could be deemed reason

able only if research would confirm that the exposure 

levels experienced by those inhabitants may cause ad

verse health effects. Hypohtesizing about such possible 

adverse effects at the present state of our knowledge is 

encumbered with a high degree of uncertainty. Up to 

now, research on EMF health effects has been focused 

on acute exposures to relatively high-intensity fields for 

relatively short periods of time (usually a part of work 

shift). Exposure to base stations EMF is characterised 

by low EMF intensities and very long time (24 h/day for 

many years).

In Poland, research on base station EMF effects on 

health condition of the people living in the vicinity of 

those stations has never been performed, while world

wide such research is scarce. At present, results of 6 such 

studies, performed in France [1,2], Spain [3], Austria [4], 

Egypt [5] and Germany [6], are accessible. The proto

col of all those studies was similar, i.e. those were ques

tionnaire surveys of groups of ca. 100 to 500 people. In 

some of them, also psychological tests were performed 

but in rather small groups of participants [4,5]. In the 

French study, distance from the base station was used 

as the exposure index, while in the remaining stud

ies EMF measurements were performed (power density

was determined in the Austrian study, while electric field 

strength was measured in the Spanish study).

The aim of our study was to assess the health condition 

and subjective symptoms of the inhabitants living in the 

vicinity of the base stations and to analyse the relationship 

between the complaints and level of exposure.

MATERIALS AND METHODS 

EMF exposure
Sector broadcasting antennas located on building’s roofs 

are the major EMF sources of the telephone base sta

tions. The distribution of power densities around the 

base station antennas depends chiefly on the distance 

from the antenna. According to literature data, maxi

mum EMF intensities may be expected on the ground 

level at the horizontal distance of ca. 100 m from the typ

ical antenna (53-61 dBm EIRP) placed ca. 30 m above 

ground level. At distances above 500 m, EMF values are 

small [7-10]. Base station antennas are usually mounted 

ca. 20-40 m above the ground level so, in urban settings, 

due to high residential housing, EMF exposure may be 

higher than in non-urban areas. Other factors signifi

cantly affecting the intensity of EMF acting on humans 

include the direction of radiation and antenna inclina

tion angle. A typical distribution of EMF around a base 

station is irregular, whereby exposure of people staying 

at the same distance from the antenna may considerably 

differ. Another factor causing that exposure of people 

located at the same distance from the base station may 

be different is that base station EMF is absorbed by 

the construction materials [11,12]. Thus, according to 

the general opinion of experts, human EMF exposures 

should not be based solely on the inhabitants’ distance 

from the base station; instead, true EMF value should 

be determined. However, in the relevant literature, 

most of the studies were performed in relation to the 

distance. To make it possible to compare our results with
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relevant literature data, in our research, in addition to 

measurements of EMF in those flats we analysed the 

observed symptoms in relation to the distance from the 

base station.

Our study was performed in housing estates located in five 

regions of Lodz. The buildings were selected based on the 

results of the following analyses:

- transmitter output power (ranging from 8 W to 25 W),

- antenna power gains (from 14 dBi to 18 dBi),

- antenna mounting height (from 27 m to 40 m above 

the ground level),

- antenna radiation direction (azimuth),

- antenna inclination angle (from 0° to 6°),

- distance from antenna (from 50 m to 500 m),

- height of buildings (usually 4 to 11 floors high).

When analysing the relationship between the symptoms 

and the distance of the flat from the base station, the dis

tance was determined from the housing estate plan. How

ever, EMF intensity was correlated with the distance be

tween the electrical centre of the antenna and the flat’s 

window facing the base station.

To capture maximal irradiation conditions, the mea

surements were performed in the highest buildings lo

cated closest to the azimuth of the antennas radiating 

strongest EMF. A MEH-25 measuring set provided with 

an AS-1 probe developed at the Wroclaw Technical Uni

versity was used (frequency range 300 MHz - 3 GHz, mea

suring range:

- 0.8-3.2 V/m with inaccuracy of EMF measurements 

in the free space ±3 dB and ±5 dB for measurements 

at 10 cm distance from primary and secondary radia

tion sources;

- 3.2-190 V/m with inaccuracy of EMF measurements 

in the free space 10% and ±3 dB for measurements 

at 10 cm distance from primary and secondary radia

tion sources).

Measurement results were assigned to examined subjects 

according to their address. All inhabitants of a given flat

were assumed to be exposed to the same EMF. Consider

ing the 24-h variability of base station loading, all mea

surements were performed at the same time of day and 

week.

Measurements of electric field strength (E) were per

formed with proper regard to current Polish standard 

procedures. Spot measurements were used. Three mea

surements were performed at 5-minute intervals, and the 

average was used as the result. The measurements were 

performed at the places where the inhabitants stayed 

most frequently and for longest time, i.e. above the sleep

ing places and at the middle of the rooms in which the 

inhabitants stayed during daytime. Mean value measured 

in all places was assumed to represent the value of the 

electric field emitted by mobile phone base stations to 

which a study person was exposed.

The inhabitants were not informed what kind of the en

vironmental agents measurement was being carried out.

Study group
The total number of inhabitants living in the flats select

ed for the study was 1154. The sampling frame of the 

test sample included all adult (18 yrs. of age and older) 

people living in the flats at the indicated addresses and 

present there at the time of the study. Respondents were 

selected using an uniform procedure by a specifically 

trained interviewer. After having received preliminary 

consent, the interviewer registered all adult persons 

available at the time of the interview into a special table 

(arranged according to age, starting from the oldest) and 

then the interviewer selected the respondent, counting 

according to the last digit of the interview number (which 

was the last digit of the number of flat in which the selec

tion procedure was effected). All essential circumstances 

associated with respondent selection (including e.g., the 

causes of failure to take the interview with the selected 

person) were noted. Assessment of the frequency of 

the subjective symptoms was performed for all group
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of people involved in the interview study, i.e. for 500 

people. All subjects gave their formal consent prior to 

inclusion to study. Before the onset of the examination, 

all procedures were fully explained to each participant. 

The protocol was approved by the Regional Biomedical 

Ethics Committee.

Questionnaire
The questionnaire comprises several groups of ques

tions on:

- demographic data (age, gender, marital status, social 

status, educational level, living conditions, level of in

come);

- data on occupational and environmental exposure to 

power line- and radio-frequency fields (e.g., personal 

computers, microwave ovens, wireless phones, mi

crowave alarms, household equipment, indoor trans

former station etc);

- data on health condition determined from self-assess

ment and from diseases diagnosed earlier by physi

cian and reported by the interviewed subject;

- subjective complaints, comprising e.g. nervous, cir

culatory, procreative, menopausal and sleep disorder 

symptoms.

The part of the questionnaire concerned with subjective 

complaints was developed in collaboration with the Cen

tro de Investigacion, Hospital Universitario „LA FE” (Va

lencia, Spain), Institute of Environmental Health (Wien, 

Austria), and Institut National des Sciences Appliquees, 

Laboratoire de Biochimie-Pharmacologie (Villeurbanne, 

France). Questions referring to sleep disturbances were 

developed in consultation with experts from Sleep Dis

turbance Research Laboratory, Warsaw, Poland. The in

terviewed people were informed that the survey was in

tended to assess possible effects of environmental factors 

on inhabitants’ health without being offered information 

which specific factors were concerned, to prevent possible 

respondents’ bias.

Statistical analysis
The following tools were used to analyse the results:

- chi-square test of independence or exact Fisher test to 

compare frequency distributions (questionnaire sur

vey or testing) of categories of variables characteris

ing the exposure,

- one-way analysis of variance with multiple compari

son tests to compare continuous-variables means be

tween categories of variables characterising the expo

sure.

For assessing the incidence of the complaints, household 

was assumed to be the unit. In a demographic study per

formed in Lodz it has been found that a household in

cludes on the average 3 people. Thus, a variance of pro

portion estimator is denoted by:

D2 =

M

Zfa _7t)2
r=l_____________

(M - l)xm
M-m

M [1]

where:

- M - number of households in the study,

- m - number of random-selected households,

- nr (r = 1, ..., M) - sample proportion of elements with char

acteristic being considered,

- n - population proportion of elements with characteristic 

being considered.

Assuming assessment precision of A2, i.e. D2 = A2 the for

mula:
M

Mx^(7Ir — 7l)2

[2]
(7tr - n)2 + A2 xMx(M -1)

r=l

enables assessment of the number of random-selected 

households required to ensure precision A. From the re

sults of the performed analyses, the number of the house

holds to be examined was set at a minimum of 420. 

Results were adjusted for confounders (age, gender, EMF 

emitted by different sources at the workplace and house

hold equipment) using multiple regression model.
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RESULTS

Exposure assessment
Figure 1 shows the results of measurements of the electric 

field strength performed to enable assessment of expo

sures to EMF radiated by cellular phone base station an

tennas - the incidence of various values of the electric field 

emitted by those antennas measured in different flats, at 

various distances between the flat and the base station. 

The results of the measurements show that electric field 

above 0.8 V/m (sensitivity of the measuring set) was re

corded in 23 of 195 flats where electric field was measured 

(accounting for ca. 12% of studied flats). Considering 

that flats chosen for determination of electric field in

cluded those for which, based on results of base station 

antenna EMF emission characteristics, EMF exposures 

were likely to be highest, it seems reasonable to expect 

that EMF with E values above 0.8 V/m prevails in less 

than 10% of the flats located within the distance 50-500 m 

from the base station.

The measured values were lower than 3.2 V/m (Figure 1). 

Thus, it is reasonable to conclude that EMF exceeding the 

admissible value specified by Polish standards, i.e. 7 V/m 

were not present in any of the selected flats [13].
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Fig. 1. Electric field strength in flats located at various 
distances from the base station. Circle surface is proportional 
to the number of points located at a specified distance 
from the base station at which the measured electric field 
values were the same.

Results of questionnaire survey
The study group was classified according to the distance

from the base station. Four groups were established:

1. Group of people living at the distance of 50-100 m from 

the base station.

2. Group of people living at the distance of 101-150 m from 

the base station.

3. Group of people living at the distance of 151-200 m from 

the base station.

4. Group of people living at the distance of 201-500 m from 

the base station.

None of the persons in the study group lived at the dis

tance shorter than 50 m from the base station.

The study group comprised 181 (36.2%) men and 319 

(63.8%) women at the age of 48.7±17.0. In the group 

of men, mean age was 46.2±29.0 years. Mean number 

of people in a given household was 2 persons (2.3±1.1), 

minimum 1 person, maximum 6 persons.

The interviewed persons usually assessed their health con

dition as rather good, 53.6%, while only 14.5% declared 

that their health was very good. Rather poor health condi

tion was reported by 24.2% respondents, and 7.7% said it 

was very poor. Our analysis of the relationship between 

subjective health assessment and the distance from the 

base station shows that poor and very poor health con

dition was declared most frequently by people living at 

a distance above 200 m from the base station (43.3%). 

However, the differences between the groups were not 

statistically significant.

Headache was fairly frequent in the study group; it was 

declared by ca. 57% people. It is particularly worth not

ing that daily or almost daily headache was reported most 

frequently by people living 101-150 m away from the base 

station (36.4%) compared to people inhabiting flats lo

cated at longer distances. The difference was statistically 

significant (p = 0.013).

Impaired memory was declared in total by 24.4% sub

jects. Most of the memory problems were reported by
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people living at a distance above 150 m (group 3 - 25.2%, 

group 4 - 26.9%). The difference between the groups living 

close to the station (group 1 - 15%, and group 2 - 14.7%) 

and the groups living at a greater distance (groups 3 and 4) 

was statistically significant (p = 0.004).

A tendency to experiencing depression was declared in to

tal by 19% respondents. Of those, 23.3% and 21.3% lived 

at the shortest and the longest distance from the base sta

tion, respectively. On the other hand, among the inhabit

ants living 101-150 m and 151-200 m away, the proportion 

(12% and 14%) was very similar. The difference was close 

to the border of statistical significance (p = 0.059). 

Dermal changes were declared by 13.4% people; among 

those, most (18.2%) were living 101-150 m away from the 

station (p = 0.006).

For the remaining complaints, the differences between the 

groups living at varying distances from the base stations 

were not statistically significant.

Feeling of fatigue was reported by 63.6% of the respon

dents. The majority, 67% of those people lived over 200 m 

away from the station. Irritation appeared in 44% of the 

subject, but it was not dependent on the distance from the 

station.

Circulatory symptoms were declared by 35.8% people. 

Dyspnoea was reported by 18.6% subjects, palpita

tion 25.6%, piercing pain in the region of the heart 15.6%, 

anginous pain by 13.2%. heartburn 4.7%. No relationship 

was found to occur between the particular circulatory 

symptoms and the distance from base station.

Sleeping disorders were present in 32.8% subjects, 53% of 

these declared problems with falling asleep. In 58.5% sub

jects, sleep was periodically interrupted. Light sleep was 

declared by 17.1% people, while 26.8% complained of 

early waking. Feeling sleepy after awakening was present 

in 29.9% of the subjects. As much as 46% of the respon

dents associated those disorders with stress, problems at 

work and at home, and depression, while other causes were 

declared only by 1.8% of the people. Almost half (43,6%)

of the subjects experienced those disorders every day or al

most every day, 30.7% several times a week. The disorders 

were experienced 2-3 times a month by 22.1% respon

dents and about once a week also by 22.1%. Only 3.7% of 

the subjects with sleep disorders experienced them once 

a month. No significant differences were noted between 

study groups in the frequency of the reported sleep dis

orders.

Vertigo was present in 25% of the subjects, most frequent

ly in those living 100-150 m away from the base station, 

representing 45% of all vertigo-affected subjects.

Mental discomfort was experienced by 22%, while prob

lems with concentration by 18.8% of the interviewed peo

ple. Vision disorders were reported by 19.4%, and hearing 

problems by 10.4% of the subjects; also in this instance 

there were no statistically significant differences between 

groups depending on the distance from the base station. 

The least frequent complaints included loss of appetite 

(5.6%) and nausea (3.6%).

Data on reproductive health, both for women and men, 

were also analysed. It has been found that there were no 

significant differences between groups living at differ

ent distances from the base station. There was, however, 

a large number of problems associated with: menstruation 

disturbances (16% women), conception (11%), impaired 

libido (28% women). Among the male subjects, reluctance 

to have sex was declared only by 14% of the respondents. 

Noise, dust, chemical pollution and other factors were 

also present in the environment of the examined subjects. 

Among the annoying factors present at the place of resi

dence, noise was reported by as much as 34% of the sub

jects in spite that the buildings selected for the study were 

located in a residential district, away from heavy traffic. 

Complaints about excessive dust were received from 8.2% 

of the subjects, while other annoyances, including trouble

some neighbours, dirt, traffic exhaust fumes, chemical 

pollutants were reported by 18.8% subjects. Out of those 

subjects, 9 people reported harmful influence of the base
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stations. Also in workplace setting, noise was quoted most 

frequently as the source of annoyance (17% subjects). 

Excessive airborne dust was reported by 8%, while oth

er annoying factors, such as stress, smoking co-workers 

(passive smoking), work with computer, air conditioning, 

chemical pollution were reported by 7.4% of the respon

dents. It has been found that the frequency of those fac

tors (environmental as well as occupational) does not dif

fer significantly between the groups of study participants 

classified according to the distance from the base stations. 

In addition, frequency of use of EMF-generating domes

tic (cellular and other wireless phones, hair dryers, micro

wave ovens, electric shavers, floor heating systems) and 

workplace (electric power supply system, welders, radio 

frequency heaters, etc.) devices was also assessed. Effect 

of the workplace EMF sources was analysed only in the 

occupationally active people (213 subjects). It has been 

found that the study groups did not differ in the frequency 

of occurrence of factors specified above.

DISCUSSION

Up to date, no studies have been performed using objec

tive methods for evaluation of health status in people liv

ing near mobile phone base stations. Those which have 

been performed were limited to questionnaire survey; 

they were often encumbered with the subjectivism-related 

error, and it was not possible to determine the underlying 

causes of the reported complaints; however, it would not 

be reasonable to neglect the results of those studies.

The analysis of our data shows that there is no signifi

cant correlation between electric field strength and the 

distance of examined flats from the base station (coeffi

cient R2 for the applied regression models does not ex

ceed 0.02). Therefore, exposure assessment based solely 

on the distance from the base station is insufficient. The 

differences in field strength noted between various flats 

located at the same distance from the base station may

be due to different location towards the direction of the 

maximum radiation (both in terms of azimuth and dec

lination). Thus, in order to assess the exposure, field in

tensities were measured in the flats occupied by examined 

subjects. Those measurements showed that, in the con

siderable majority of the flats (over 90%), the exposure 

was lower than the sensitivity of the applied measurement 

devices. Values of electric field strength measured in our 

study are in good agreement with the literature data; usu

ally they range from 0.2 to 1.37 V/m [9,10,11,14]. The 

higher values reported by Petersen [15] result probably 

from the location of the antenna close to the roof (3 m). 

In many papers reporting adverse effects resulting from 

close proximity to the base station, EMF exposure re

mains within the admissible range specified by standards 

developed by international protection organisations, for 

example ICNIRP [16]. They support the beliefs of some 

bodies that the standards fail to ensure sufficient protec

tion to the general population [17]. However, many of 

those papers were encumbered with errors resulting from 

questionnaire design, different methods applied for the 

selection of study group and insufficiently precise assess

ment of EMF exposure. Besides, other EMF sources were 

often neglected [18]. In some of the studies, the results 

are not coherent, for example more health problems were 

noted at a shorter distance from the base station [19], 

while measured EMF intensity did not correlate with the 

frequency of the complains [6]. One of the hypotheses 

attempting to explain those differences says that the ex

posure measures used heretofore may be insufficient to 

determine the relationship between EMF exposure and 

health condition of the exposed people. It seems advisable 

to consider inclusion of other EMF exposure metrics, as 

in the case of studies on the effects of power line EMF on 

health [20], despite difficulties with dosimetric measure

ments of RF fields. Another hypothesis worth considering 

is that the observed health effects may be due to greater 

stress caused by subjects’ awareness of close proximity to
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the base station [21]; this hypothesis, however, failed to be 

confirmed in our study, because only 9 subjects declared 

concerns about proximity to the base station.

Studies performed in Switzerland [22], France [2], 

Spain [3] and Austria [4] show that people living at the 

distance shorter than 300 m from the base station reported 

headache, sleep disturbances, irritability, mental discom

fort and fatigue more frequently than those living at lon

ger distances. In our studies, headache was reported also 

very frequently (by 57% of the subjects), significantly more 

frequently in people living 100-150 m away from the base 

station. Those results are in line with the results of other 

authors. In Switzerland, headache was declared by 40% of 

the subjects [22]. In France, Austria and Spain, headache 

was noted most frequently in people living 100, 200, and 

up to 150 m away, respectively, from the base station [2-4]. 

Santini et al. noted significant difference in the frequency 

of headache between women and men, which was not ana

lysed in our study [1].

In the Swiss study, sleep disorders (60% of the subjects) 

were the most frequent complaint, while in our study they 

were reported by 33% subjects and were less frequent 

than headache [22]. We have not detected significant dif

ferences between the groups classified according to the 

distance from the base station. In the French and Austrian 

studies, sleep disorders dominated among the subjects liv

ing 100-200 m away [2,4].

The feeling of mental discomfort reported in the Santini 

et al. study was most frequent in people living 100-200 m 

away from the base station; this feeling was reported also 

by 22% of our subjects, but the frequency of that com

plaint was not correlated with the distance from the base 

station [2]. In other studies, irritability was reported by 

people living up to 150 m away from the base station [2-4]. 

Problems with concentration were dependent on the dis

tance from the base station in the subjects of the studies 

performed in other countries [2-4], while in our study 

such relationship was not observed. Abel-Rassooul noted

neuropsychiatric problems and impaired cognitive perfor

mance in the inhabitants living less than 10 m away from 

the base station [5].

Among 500 subjects of our study, only 9 people (1.8%) 

claimed that the base station located in the vicinity of their 

place of habitation was an annoying factor of their envi

ronment. This result clearly differs from that obtained in 

Switzerland, where as much as 74% of the study subjects 

claimed that the nearby base station was a source of haz

ard [22]. Our result seems to be more objective, because 

the interviewed people were asked to specify annoying 

factors by themselves without being offered a choice of 

specified options.

In our study, a large number of the reported problems 

were associated with: disturbed menstrual cycle, achieving 

pregnancy, lower libido (28% of the study women). How

ever, no association was noted between the distance of the 

flat from the base station and premature menopause in 

the women.

Cardiovascular diseases, including arterial hypertension 

(29.8% people) and ischaemic heart disease (18.2% of the 

people) were the dominant health problem of the study 

subjects. The proportion of people with arterial hyperten

sion in the general population of Poland is similar (29%).

CONCLUSIONS

The results of our study show that electromagnetic fields 

(EMF) prevailing in residential buildings located at dis

tances 50-500 m from mobile phone base stations did 

not exceed the maximum admissible EMF values speci

fied by relevant Polish regulations. EMF values exceed

ing 0.8 V/m (the lower limit of the sensitivity of the mea

suring set) were recorded in a small proportion (less 

than 10%) of the flats located near the base station. The 

analysis of our results did not reveal a correlation between 

the electric field strength and the distance from the base 

station. Thus, distance from the base station should not be

38 IJOMEH 2012;25(1)



SUBJECTIVE COMPLAINTS AND BASE STATIONS ORIGINAL PAPERS

used as an indicator of exposure instead of the field mea

surements. However, a single measurement of the maxi

mum value does not seem to be sufficient. A comprehen

sive exposure assessment should be performed, similar to 

that applied in studies on exposures to the fields generated 

by electric power lines.

Results of questionnaire survey show the most frequent 

complaints were feeling of fatigue (64%), headache (57%), 

vertigo (25%), irritation (44%), disturbed sleep, memory 

and concentration (33%, 24% and 19% respectively) as 

well as tendency to depression (19%) and feeling of men

tal discomfort (22%). Some of this symptoms correlated 

with the distance from base station. Further studies are 

required to explain why we did not find any correlation 

between the electric field strength and frequency of sub

jective symptoms, while we did find a correlation between 

subjective symptoms and distance from base station. May

be new metrics of exposure assessment should be used for 

that purpose. Therefore, comprehensive studies on the 

relationship between EMF emitted by base stations and 

health status should be continued.
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Background: The erection of mobile telephone base stations in inhabited areas has raised concerns about 
possible health effects caused by emitted microwaves.
Methods: In a cross-sectional study of randomly selected inhabitants living in urban and rural areas for 
more than one year near to 10 selected base stations, 365 subjects were investigated. Several cognitive 
tests were performed, and wellbeing and sleep quality were assessed. Field strength of high-frequency 
electromagnetic fields (HF-EMF) was measured in the bedrooms of 336 households.
Results: Total HF-EMF and exposure related to mobile telecommunication were far below recommended 
levels (max. 4.1 mW/m2). Distance from antennae was 24-600 m in the rural area and 20-250 m in the 
urban area. Average power density was slightly higher in the rural area (0.05 mW/m2) than in the urban 
area (0.02 mW/m2). Despite the influence of confounding variables, including fear of adverse effects 
from exposure to HF-EMF from the base station, there was a significant relation of some symptoms to 
measured power density; this was highest for headaches. Perceptual speed increased, while accuracy 
decreased insignificantly with increasing exposure levels. There was no significant effect on sleep quality. 
Conclusion: Despite very low exposure to HF-EMF, effects on wellbeing and performance cannot be ruled 
out, as shown by recently obtained experimental results; however, mechanisms of action at these low levels 
are unknown.

and-held cellular telephones were introduced in the 
early 1980s. Due to the relatively high microwave 
exposure for users while they are on the telephone, the 

potential health effects of mobile phones have been studied 
in recent years. However, exposure to the much lower 
emissions from mobile phone base stations has been 
neglected. There have been only two observational pilot 
investigations,1-2 and one experimental study.3

The World Health Organisation (WHO)4 has recently 
recommended investigating the effects of exposure to 
emissions from mobile phone base stations to address public 
concerns.

It has often been argued that if there are detrimental long 
term effects from high-frequency electromagnetic fields (HF- 
EMF) as transmitted by mobile phone base stations, then 
such effects should have been found near powerful radio and 
television transmitters. This argument is invalid as: (1) there 
are very few studies on effects from radio and TV 
transmitters, ecological and cluster studies on cancer,5-10 
and studies on sleep and other endpoints;11-12 (2) the results 
of these studies are compatible with the assumption of a 
moderately elevated risk; and (3) emissions from base 
stations differ substantially from those of other sources of 
HF-EMF.

There are numerous reports from physicians that base 
stations are associated with a number of health symptoms in 
neighbours. However, these symptoms might be due to fear 
about negative effects. Nevertheless there is evidence that 
long term, low level exposure to HF-EMF may result in a 
number of symptoms (for example, headaches, fatigue, sleep 
disorders, memory impairments),13 attributed as microwave 
sickness syndrome.14

This study investigated the relation between exposure from 
mobile telecommunication and other sources of HF-EMFs 
and the associations between exposure and symptoms.

METHODS
Selection of base stations
The study covers urban as well as rural areas in Austria. The 
city of Vienna was selected as the urban area while villages in 
Carinthia represented the rural areas. Two network providers 
were each asked to identify about five base stations within 
both regions that fulfilled the following requirements:

• The antenna must have been operating for at least two 
years

• There had been no protests by neighbours against the base 
station

• There was no other base station nearby (this could only be 
achieved in rural areas)

• Transmission was preferably only in the 900 MHz band.

Twenty one base stations were specified, from which 10 were 
selected for the study based on inspection of the local 
conditions (population density, other sources of exposure).

Selection of study area and participants
Data from the 10 selected antenna locations, including the 
antenna diagram, were provided by the network companies. 
In order to ensure a sufficient gradient of exposure, these 
data were used to define the study area around the selected 
base station. The investigation was carried out by trained 
students and a medical technical assistant in Carinthia and

Abbreviations: ANCOVA, analysis of covariance; BCCH, broadcast 
channel; CI, confidence interval; GSM, global system for mobile 
telecommunication; HF-EMF, high-frequency electromagnetic fields; 
MHz, megahertz; POR, prevalence odds ratio; SAR, specific (energy) 
absorption rate; SD, standard deviation; TDMA, time division multiple 
access; WHO, World Health Organisation
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Table 1 Demographic characteristics of subjects by exposure category

Exposure category (mW/m2)

<0.1 0.1-0.5 >0.5 p value

Age 45 (SD 16) 40 (SD 14) 44 (SD 15) 0.390
Females 60% 58% 56% 0.829
Years of residence 19 (SD 16) 17 (SD 13) 20 (SD 16) 0.403
Hours at home 10 (SD 5) 10 (SD 4) 10 (SD 5) 0.413
Employed 56% 60% 61% 0.689
Urban residence 55% 42% 49% 0.171
Education > 12 y 42% 38% 40% 0.784
Mobile phone use 75% 77% 78% 0.866

p value from Kruskal-Wallis or x2 test.

Vienna. Based on power calculations, the projected number 
was 36 subjects for each of the 10 locations.

In Vienna, households were randomly selected from 
telephone register entries. Subjects were contacted by 
telephone. If after three attempts no contact could be 
achieved, the next entry in the telephone list was chosen. 
Subjects were told that the relationship between environ
mental factors and health would be investigated. They had to 
be older than 18 years, have been living in their present house 
for at least one year, and been staying there for a minimum of 
eight hours a day on average. Refusal was slightly above 40% 
and mainly due to time constraints. On acceptance of 
participation an appointment was made for a visit. In 
Carinthia the procedure was different because no clear 
relation of address to study area could be ensured (houses 
are not always numbered consecutively). Therefore a random 
selection of houses based on the site plan was performed. 
Investigators contacted subjects directly in their homes. In 
the case of acceptance, either an appointment for the 
investigation was made or it was carried out immediately. 
Rate of refusal was somewhat lower than in the urban area 
(32%). On contact, gender, age, and duration of residence in 
their present house (eligibility criteria) were registered. Non
participants were insignificantly more frequently males (47% 
v 41%) and significantly younger (40 v 44 years), and had a 
significantly shorter time living in their present house (13 v 
16 years).

Data collection and measurements
All investigations were done in the homes of the subjects 
using a laptop computer. Performance tests as well as 
questionnaires were presented along with instructions on 
the screen. Handling was so simple that after a short 
introduction all subjects were able to fulfil the tasks without 
further assistance by the investigators. The investigation 
consisted of the following:

• Sociodemographic data, sources of EMF exposure within 
the household, regular use of mobile telephones.

• Evaluation of environmental quality, subjective scaling of 
the impact different environmental factors could have on 
the health of the subjects. Among the items listed were 
traffic noise, particulate matter, and mobile phone base 
station. Assumed impact was rated on a five point scale 
from 0 = not at all, to 4 = very strong impact.

• Subjective scaling of symptoms (Zerssen scale).15 
Symptoms were rated on a four point scale from 0 = not 
at all, to 3 = strong. Symptoms of special interest were 
headaches, symptoms of exhaustion, and circulatory 
symptoms (see table 4). For analysis, ratings were 
dichotomised (0/1-3).

• Investigation of sleeping problems (Pittsburgh sleeping 
scale).16 Problems falling asleep and staying asleep were 
rated by the participants on a frequency scale ranging from 
never to more than 3 days a week. The global index is

Table 2 Exposure categories and results of analysis of covariance for tests of cognitive 
performance

Test

Exposure category (mW/m2)

<0.1 0.1-0.5 >0.5 p value

Memory
Immediate memory* 6.2 (1.4) 5.6 (1.4) 5.9 (1.5) 0.166
Short term memory (1 min)' 29.1 (4.3) 29.5 (4.1) 29.3 (3.9) 0.354
Short term memory (5 min)' 33.9 (2.9) 33.1 (3.1) 34.0 (1.9) 0.761
Short term memory (15 min)' 33.4 (2.9) 33.6 (2.4) 33.7 (2.0) 0.883
d' (1 min)' 0.87 (0.48) 0.88 (0.42) 0.86 (0.41) 0.737
d' (5 min)' 1.54 (0.39) 1.48 (0.62) 1.53 (0.32) 0.579
d' (15 min)' 1.56 (0.39) 1.54 (0.32) 1.62 (0.27) 0.198
ln p (1 min)1 -0.34 (0.45) -0.19 (0.32) -0.29 (0.30) 0.235
ln p (5 min)1 -1.09 (0.58) -1.11 (0.72) -1.04 (0.54) 0.605
ln p (15 min)1 -1.36 (0.53) -1.21 (0.52) -1.47 (0.53) 0.095

Perceptual speed
Speed score (sec) 4.3 (0.9) 4.0 (1.1) 3.8 (1.0) 0.061
Items solved (max. 8) 4.6 (2.4) 4.1 (2.3) 4.1 (2.5) 0.147

Choice reaction task
Reaction time (msec) 582 (217) 511 (139) 585 (244) 0.485

Results expressed as mean (SD). 
p values for exposure factor are shown.
*Highest number of correctly reproduced digits.
^Number of correctly identified items (sum of correct detections (from 20) and correct rejections (from 20 
distraction items)).
'd-prime from signal detection analysis.
INatural logarithm of detection bias beta.
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computed as the sum of seven sub-scales (see table 5) 
with each component scored 0 to 3 (higher score indicates 
greater problems).

• Cognitive performance.

- Memory tasks consisted of a short term memory test 
using 1-10 digit numbers that had to be reproduced 
immediately after presentation. The score was defined 
as the highest number of digits correctly reproduced. 
The assessment of medium term memory was based on 
20 simple everyday objects in silhouette drawings 
presented together for 30 seconds on the screen. After 
1, 5, and 15 minutes these items together with 20 
distraction items (different for the three tests) were 
presented in random sequence, one at a time, and the 
subjects had to decide whether or not the picture was 
among those presented. Each response was followed by 
immediate feedback. After each test all objects were 
again presented for 15 seconds. The score was defined 
as the number of correct responses. In addition, d- 
prime and response bias (beta) from signal detection 
analysis were computed (d-prime is the normalised 
distance between the signal and noise answer distribu
tions, the higher the d-prime, the less likely is confusion 
between target and distraction items; beta measures the 
bias to respond ''yes'' whether it is a target or 
distraction item).

- The choice reaction task consisted of a random 
sequence of squares of three different colours (red, 
green, and yellow) appearing at random locations on 
the screen. Subjects had to react as fast as possible by 
pressing a specified button for each colour. The score 
was defined as the average correct reaction time across 
25 trials.

- Perceptual speed was tested by presenting two series of 
10 letters (''meaningless words'') that differed at 
exactly one position. Eight of these double series were 
presented in random sequence. Subjects had to find the 
differing letter under time constraints (maximum 
6 seconds) and place a cursor below it. These position 
varied between the 3rd and 7th letters. Score was 
defined as the average time to achieve the correct 
solution. In addition, the number of items solved 
within the time window was computed.

After completion of the questionnaires and tests, dates were 
arranged for exposure measurements. Measurements of high 
frequency EMFs were done by a specialist from a certified 
centre in Vienna (TGM). A biconic field probe (PBA 10200, 
ARC Seibersdorf) was used connected to a spectrum analyser 
(FSP, Rhode & Schwarz). Measurements were performed in 
the bedroom (this being typically the only place in the house 
where people consistently spend many hours a day). As 
exposure may vary at this location, in addition to the sum of 
power densities across all mobile phone frequencies, the 
maximum exposure from the base station was computed 
based on measurements of broadcast channels. Broadcast 
channels (BCCH) operate all the time at maximum power 
with all time slots occupied. Hence multiplication of 
measurements of BCCH by the ratio of the sum of the power 
of all channels to that of the BCCH results in maximum 
possible exposure level, while the sum of BCCH measure
ments gives the minimum. The former is the result of all 
channels operating at maximum power with all time slots 
occupied, while the latter occurs if no traffic channel is active.

Distance from the antenna was calculated based on the 
coordinates of the measurement location and the base 
station. It ranged between 24 m and 600 m in rural areas 
and between 20 m and 250 m in urban areas. The smaller

range in the latter was due to the vicinity of other base 
stations and the shadowing effect of high buildings.

Subjects
In total, 365 subjects were investigated (185 in Vienna and 
180 in Carinthia). In some cases EMF measurements were 
not possible due to the absence of the inhabitants at the 
arranged date. Therefore, only data from 336 subjects could 
finally be evaluated.

Subjects were between 18 and 91 years of age (mean 44, 
SD 16 years). Fifty nine per cent were female. Average 
duration of residence in the house was 19 (SD 16) years, and 
subjects stayed for 10 (SD 5) hours a day in the immediate 
neighbourhood. Overall, six subjects occupied the place only 
after erection of the base station. All subjects slept normally 
at home.

Statistical analysis
Statistical evaluation of exposure from the base stations was 
done by analysis of covariance (ANCOVA) for components of 
the Pittsburgh Sleeping Scale and performance measure
ments, and by logistic regression analysis for subjective 
symptoms based on the following procedure. First the 
maximal power density estimates from base station frequen
cies were classified into three groups: (0.1 mW/m2 (approxi
mately up to median), 0.1-0.5 mW/m2 (between median and 
3rd quartile), and >0.5 mW/m2. Originally it was planned to 
define four exposure categories based on quartiles. However, 
it turned out that the level of exposure was too low for the 
two lowest exposure categories to be meaningfully discrimi
nated and consequently these categories were combined. 
Average exposure levels were 0.04 mW/m2, 0.23 mW/m2, and 
1.3 mW/m2, respectively. Exposure level, area (rural v urban), 
and interaction were included as fixed factors, age, sex, 
regular use of a mobile telephone, and the subjective rating of 
negative consequences of the base station on health were 
used as covariables. Normality was assessed by Kolmogorov- 
Smirnov tests using Lilliefors p values, homogeneity of 
variance by Levene's tests. For all analyses the model with 
separate slopes was first tested. If none of the interactions 
with fix factors were significant at the 10% level, the model 
with homogenous slopes was computed. In addition, homo
geneity of variance-covariance matrices of covariables and 
dependent variables across groups was tested by Box M tests. 
Unconditional logistic regression was performed using the 
same covariables. For all tests a p value below 0.05 was 
considered significant. No correction for multiple testing was 
applied.

RESULTS
Table 1 gives an overview of features of participants across 
exposure categories. Although none of the variables reached 
statistical significance, the somewhat higher proportion of 
subjects from the urban area in the lowest exposure category 
should be noted.

Exposure to high frequency EMFs was generally low and 
ranged from 0.0002 to 1.4 mW/m2 for all frequencies between 
80 MHz and 2 GHz; the greater portion of that exposure was 
from mobile telecommunications (geometric mean 73%), 
which was between 0.00001 and 1.4 mW/m2. Maximum 
levels were between 0.00002 and 4.1 mW/m2. Overall 5% of 
the estimated maximum exposure levels were above 1 mW/ 
m2. Average exposure levels were slightly higher in the rural 
area (0.05*/7.6 mW/m2) than in the urban area (0.02*/ 
7.1 mW/m2).

Most subjects expressed no strong concerns about adverse 
health effects of the base station. In the urban and rural test 
areas, 65% and 61% respectively stated no concerns at all.
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Table 3 Detailed results of analysis of covariance for speed score of perceptual speed as 
a dependent variable

Source of variation df MSQ F value p value

Covariates Combined 4 54.980 19.721 0.000
Concerns about base station 1 2.618 0.939 0.333
Age 1 216.469 77.648 0.000
Sex 1 0.028 0.010 0.920
Use of mobile phone 1 0.803 0.288 0.592

Main effects Combined 3 28.562 10.245 0.000
Area (rural/urban) 1 69.948 25.090 0.000
GSM exposure 2 7.869 2.823 0.061

Interaction 2 0.036 0.001 0.999

Factors and covariables are shown in the column ''source of variation''. 
df, degrees of freedom; MSQ, mean sum of squares.

Table 2 gives an overview of results from ANCOVA on the 
different tests of cognitive performance for the exposure 
factor only; table 3 shows the full results for the test of 
perceptual speed. For perceptual speed a tendency for faster 
reaction in the higher exposure category was found. Omitting 
the three insignificant covariates from analysis resulted in a 
significant (p = 0.009) main effect for exposure. Logistic

regression with the median chosen as a cut-off point was 
statistically significant. The estimated risk of a value below 
the median speed score relative to the lowest exposure 
category was 0.73 (95% CI 0.33 to 1.58) for the second and 
0.42 (95% CI 0.18 to 0.98) for the third exposure categories. 
Accuracy of perceptual speed indicated by number of 
correct reactions showed the opposite effect, although not

Table 4 Relative risk estimates of subjective symptoms of primary interest for categories 
of exposure to microwaves from base stations in the bedroom against lowest exposure 
category

Symptom

Exposure
category
(mW/m2)

% with
symptom Relative risk* 95% CI p value

Headaches <0.1 ( 61 1.00 0.017
0.1-0.5 66 1.36 0.62-2.99
>0.5 79 3.06 1.22-7.67

Vertigo <0.1 ( 17 1.00 0.306
0.1-0.5 27 1.27 0.50-3.22
>0.5 32 1.54 0.68-3.50

Palpitations <0.1 ( 26 1.00 0.444
0.1-0.5 32 1.06 0.45-2.47
>0.5 38 1.37 0.61-3.11

Tremor < 0.1 ( 12 1.00 0.062
0.1-0.5 9 0.68 0.19-2.41
>0.5 26 2.37 0.96-5.87

Hot flushes < 0.1 ( 32 1.00 0.739
0.1-0.5 26 0.90 0.39-2.09
>0.5 26 0.87 0.37-2.01

Sweating < 0.1 ( 34 1.00 0.455
0.1-0.5 38 1.05 0.47-2.32
>0.5 40 1.35 0.61-2.97

Cold hands or feet < 0.1 ( 40 1.00 0.019
0.1-0.5 46 1.03 0.40-2.63
>0.5 62 2.57 1.16-5.67

Loss of appetite < 0.1 ( 13 1.00 0.069
0.1-0.5 17 1.23 0.42-3.57
>0.5 24 2.40 0.93-6.18

Loss of energy < 0.1 ( 63 1.00 0.886
0.1-0.5 63 1.32 0.61-2.84
>0.5 58 1.06 0.49-2.27

Exhaustion < 0.1 ( 44 1.00 0.098
0.1-0.5 41 0.77 0.30-2.02
>0.5 51 2.07 0.87-4.89

Tiredness < 0.1 ( 64 1.00 0.258
0.1-0.5 89 1.97 0.64-6.10
>0.5 88 1.92 0.62-5.96

Difficulties to concentrate < 0.1 ( 60 1.00 0.035
0.1-0.5 64 1.32 0.61-2.86
>0.5 76 2.55 1.07-6.08

Feeling strained < 0.1 ( 44 1.00 0.450
0.1-0.5 51 1.67 0.76-3.65
>0.5 40 0.74 0.33-1.63

Urge for sleep < 0.1 ( 47 1.00 0.630
0.1-0.5 54 1.21 0.56-2.61
>0.5 51 1.17 0.53-2.54

p values for exposure factor are shown.
*Adjusted for age, sex, region, regular use of mobile telephone, and fear of adverse effects of the base station. 
'('Reference category.
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Table 5 Results of analysis of covariance for components and global score of the 
Pittsburgh Sleep Quality Index and logistic regression for ''poor sleepers'' (global score 
>5)

Exposure category (mW/m2)

Component <0.1 0.1-0.5 >0.5 p value

Subjective sleep quality 0.71 (0.79) 0.60 (0.77) 1.00 (0.89) 0.240
Sleep latency 0.76 (0.93) 0.74 (0.95) 0.94 (0.98) 0.295
Sleep duration 1.06 (0.98) 1.14 (1.03) 1.21 (1.09) 0.504
Habitual sleep efficiency 0.54 (0.92) 0.70 (0.98) 0.74 (1.15) 0.061
Sleep disturbances 0.92 (0.58) 0.91 (0.66) 0.91 (0.62) 0.338
Daytime dysfunction 0.66 (0.75) 0.54 (0.70) 0.82 (0.90) 0.099
Sleep medication 0.10 (0.46) 0.17 (0.71) 0.21 (0.73) 0.216
Global score 4.74 (3.52) 4.78 (3.86) 5.87 (4.21) 0.282
Poor sleepers (%) 35% 31% 41% 0.225

Results expressed as mean (SD). 
p values for exposure factor are shown.

to a significant extent. Hence there is some speed-accuracy 
trade-off.

For subjective symptoms of primary interest, effects of 
exposure from the base station are shown in table 4. Many 
symptoms were more frequent at higher exposure levels; 
headaches, cold hands or feet, and difficulties in concentrat
ing, and to a lesser degree, tremor, loss of appetite, and 
feelings of exhaustion showed increased prevalence after 
correction for confounding factors.

Results for sleep quality are shown in table 5. Two sub
scales (sleep efficiency and daytime dysfunction) showed 
indications of poorer sleep at higher exposure categories. A 
highly significant effect of concerns about negative health 
implications of the base station was found for overall sleep 
quality (global score), with poorer quality in those concerned. 
As expected, age also had a significant influence. Without 
considering the influence of the subjects' concerns about the 
base station, the effect of exposure would have been 
statistically significant. Logistic regression analysis with the 
median score as a cut-off point showed no pronounced effect 
of exposure (p = 0.131).

DISCUSSION
Mobile phone base stations easily comply with current 
guidelines (for example, ICNIRP (International Commission 
on Non-Ionizing Radiation Protection) guidelines).17 Our 
measurements show that exposure of the public in the 
vicinity of base stations is indeed low. However, considering 
all HF-EMF exposures above 80 MHz, mobile telecommuni
cation is responsible for an average of 73% of these 
exposures. This is consistent with representative measure
ments in Sweden18 and the UK.19

The present study was conducted to provide answers to 
intriguing methodological problems of the epidemiological 
investigation of base stations.

How is it possible to attribute effects to a specific source of 
HF-EMF? In study areas, exposure from other sources of HF- 
EMFs was from distant transmitters and therefore more or 
less constant. Effects from these exposures will therefore not 
confound the effects of base stations. As study areas were 
selected to guarantee a gradient of exposures from base 
stations, the only relevant contribution to the variance of HF- 
EMF exposure was from base stations (93% of variance).

Another problem is the time variation of exposure, 
depending on the number of connected calls (due to the 
TDMA (time division multiple access) mode of the GSM 
system). Of course the best approach would be a long term 
measurement of exposure, or to use personal ''dosimeters''. 
However, there are no such dosimeters available and long 
term measurements are not feasible due to economic 
restrictions as well as problems of compliance. A possible 
solution is to conduct a short term measurement at a location 
where subjects are assumed to spend considerable periods of 
time (we chose the bedroom), analyse the spectrum of 
exposure, and select the broadcast channels that are 
operating at constant maximum power. Based on these 
measurements a range of exposures can be computed. We 
analysed data based on broad categories so that this 
categorisation leads to almost equal allocation whether 
''average'', minimum, or maximum exposure estimation is 
used. A broad categorisation was used because of other 
sources of variance of exposure (like movements of subjects) 
that cannot be accounted for.

A further problem is the dynamic development of 
telecommunication networks. For the present study, we 
selected base stations emitting with unchanged features for

Table 6 Results of analysis of covariance (ANCOVA) for global score of the Pittsburgh 
Sleep Quality Index as dependent variable

Source of variation df MSQ F value p value

Covariates Combined 4 323.407 11.770 0.000
Concerns about base station 1 482.088 17.545 0.000
Age 1 661.076 24.059 0.000
Sex 1 87.286 3.177 0.076
Use of mobile phone 1 63.176 2.299 0.130

Main effects Combined 3 42.571 1.549 0.202
Area (rural/urban) 1 57.795 2.103 0.148
GSM Exposure 2 34.959 1.272 0.282

Interaction 2 58.404 2.126 0.121

Factors and covariables are shown in the column ''source of variation''. 
df, degrees of freedom; MSQ, mean sum of squares.
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Main messages

• Exposure from mobile phone base stations is orders of 
magnitude below current guideline levels.

• Self-reported symptoms like headache and difficulties 
in concentrating snow an association with microwave 
exposure from base stations, not attributable to 
subjects' fear of health effects from these sources.

• Other symptoms, like sleeping problems, seem to be 
more due to fear of adverse health effects than actual 
exposure.

at least two years. Furthermore, it was important that no 
other base station was nearby (which, however, could only be 
achieved in rural areas).

Because of the much higher exposure during telephoning 
compared to exposure from base stations, it is hardly 
conceivable that such small additional exposure could have 
an effect. However, these exposures have fundamentally 
different features. Exposure from the base station will be at 
low, but more or less constant levels for many hours a day, 
especially during the night. Comparing these levels is 
inappropriate if long term effects actually exist. If, for 
example, a subject is using a GSM mobile with a specific 
energy absorption rate (SAR) of 0.04 W/kg20 for 10 minutes, 
this would be roughly equivalent to a 15 day exposure from a 
base station at an exposure level of 1 mW/m2 if the principle 
of time-dose reciprocity is valid. However, it is not known 
whether this principle holds for exposure to HF-EMFs.

There is no a priori argument why the much lower levels 
from base stations should have no effect in the presence of 
widespread use of mobile telephones. Possible confounding 
by using a mobile has been considered in this study.

Generally, ratings were higher for most symptoms in 
subjects expressing concerns about health effects from the 
base station. Subjects who experience health problems might 
search for an explanation in their environment and blame the 
base station; another explanation would be that subjects with 
concerns are more anxious and also tend to give a more 
negative view of their body functions, or that some people 
generally give quite negative answers. Irrespective of these 
explanations there seem to be effects of exposure that occur 
independently of the fear of the subjects about the base 
station affecting their health. This is the case for headaches, 
cold hands or feet, and difficulties in concentrating, for 
example. These effects were robust with respect to additional 
potential confounders (for example, for headaches, inclusion 
of an indicator of socioeconomic status—years of education 
and type of occupation—slightly increased the risk estimator 
for exposure and decreased the p value from 0.017 to 0.016; 
inclusion of years of living in the present home and overall 
rating of environmental quality slightly increased the p value 
to 0.019; inclusion of hours staying at home did not change 
effect estimates at all). Interestingly these symptoms as well 
as some others that tended to be increased at higher exposure 
levels belong to those attributed to the microwave sickness 
syndrome. However, no clear relationship has been found for 
sleeping problems that are often mentioned in the public 
debate. The effect on sleep is dominated by concerns of the 
subjects of negative health effects of the base station. Many 
factors are known to influence sleep quality. Only a few could 
be considered in this study. Since some aspects of sleep 
quality, like sleep efficiency, showed a tendency for being 
affected by exposure, future studies should attempt to 
eliminate additional confounders.

Policy implications

• Despite very low emissions from mobile phone base 
stations, more research concerning the effects of 
radiofrequency radiation from base stations is indi
cated.

• As a precautionary measure, siting of base stations 
should be such as to minimise exposure of neighbours.

Concerning symptom reporting there are a number of 
personality factors for which an association has been 
established. Among these are state anxiety, depression, and 
negative affectivity. The main question concerning this range 
of factors is whether they might act as confounders. In 
discussions of the microwave sickness syndrome, depression 
has also been mentioned among the possible effects of 
exposure; confounding is therefore conceivable. Sleep quality, 
unspecific symptoms, depression, affectivity, and other 
personality characteristics are connected with each other in 
a network of relationships such that a clear understanding of 
the possible long term effects of exposure may only be 
determined by longitudinal studies.

No influence of the subjects' fear about negative effects of 
the base station was found for cognitive performance. There 
was a small but significant reduction of reaction time for 
perceptional speed at increased exposure levels. It is inter
esting to note that such facilitating effects have also been 
reported during short term experimental exposures20 22 and a 
study in teenagers using mobile phones.21 On the other hand, 
a study12 in children chronically exposed to emissions from a 
radio tower reported increased reaction times and reduced 
performance in cognitive tasks. We found a reduction of 
reaction time in adults, but an insignificant decrease of 
accuracy. Recognition in the medium term memory task 
showed a reasonable and increasing differentiation between 
target and distraction items and a decreasing response bias 
over repeated tests, but there was no indication of an 
influence of exposure from the base station. Furthermore, 
cognitive performance varies with factors that have not been 
controlled or considered in this study. Indices of socio
economic status, however, were tested and did not modify 
effect size of base station exposure.

The results of this study indicate that effects of very low 
but long lasting exposures to emissions from mobile 
telephone base stations on wellbeing and health cannot be 
ruled out. Whether the observed association with subjective 
symptoms after prolonged exposure leads to manifest illness 
remains to be studied.
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Reported Biological Effects from Radiofrequency Radiation at Low-Intensity Exposure
(Very Low-Intensity RF Exposures Comparable to Cell Towers)

Power Density* Description Source

0.0006 - 0.0128 
uW/cm2

Fatigue, depressive tendency, sleeping disorders, concentration 
difficulties, cardio- vascular problems reported with exposure to 
GSM 900/1800 MHz cell phone signal at base station level 
exposures.

Oberfeld, 2004

0.003 - 0.02 
uW/cm2

In children and adolescents (8-17 yrs) short-term exposure 
caused headache, irritation, concentration difficulties in school.

Heinrich, 2010

0.003 to 0.05 
uW/cm2

In children and adolescents (8-17 yrs) short-term exposure 
caused conduct problems in school (behavioral problems).

Thomas, 2010

0.005 uW/cm2 In adults (30-60 yrs) chronic exposure caused sleep disturbances, 
(but not significantly increased across the entire population).

Mohler, 2010

0.005 - 0.04 
uW/cm2

Adults exposed to short-term cell phone radiation reported 
headaches, concentration difficulties (differences not significant, 
but elevated).

Thomas, 2008

0.006 - 0.01 
uW/cm2

Chronic exposure to base station RF (whole-body) in humans 
showed increased stress hormones; dopamine levels 
substantially decreased; higher levels of adrenaline and nor
adrenaline; dose-response seen; produced chronic physiological 
stress in cells even after 1.5 years.

Buchner, 2012

0.01 - 0.11 
uW/cm2

RFR from cell towers caused fatigue, headaches, sleeping 
problems.

Navarro, 2003

0.01 - 0.05 
uW/cm2

Adults (18-91 yrs) with short-term exposure to GSM cell phone 
radiation reported headache, neurological problems, sleep and 
concentration problems.

Hutter, 2006

0.005 - 0.04 
uW/cm2

Adults exposed to short-term cell phone radiation reported 
headaches, concentration difficulties (differences not 
significant, but elevated).

Thomas, 2008

0.015 - 0.21 
uW/cm2

Adults exposed to short-term GSM 900 radiation reported 
changes in mental state (e.g., calmness) but limitations of study 
on language descriptors prevented refined word choices 
(stupified, zoned-out).

Augner, 2009

0.05 - 0.1 uW/cm2 RFR linked to adverse neurological, cardio symptoms and cancer 
risk.

Khurana, 2010

0.05 - 0.1 uW/cm2 RFR related to headache, concentration and sleeping problems, 
fatigue.

Kundi, 2009
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Reported Biological Effects from Radiofrequency Radiation at Low-Intensity Exposure
(Very Low-Intensity RF Exposures Comparable to Cell Towers)

Power Density* Description Source

0.07 - 0.1 uW/cm2 Sperm head abnormalities in mice exposed for 6-months to base 
station level RF/MW. Sperm head abnormalities occurred in 39% 
to 46% exposed mice (only 2% in controls) abnormalities was 
also found to be dose dependent. The implications of the pin
head and banana-shaped sperm head. The occurrence of sperm 
head observed increase occurrence of sperm head abnormalities 
on the reproductive health of humans living in close proximity to 
GSM base stations were discussed."

Otitoloju, 2010

0.38 uW/cm2 RFR affected calcium metabolism in heart cells. Schwartz, 1990
0.8 - 10 uW/cm2 RFR caused emotional behavior changes, free-radical damage by 

super-weak MWs.
Akoev, 2002

0.13 uW/cm2 RFR from 3G cell towers decreased cognition, well-being. Zwamborn, 2003
0.168 - 1.053 Irreversible infertility in mice after 5 generations of exposure to Magras & Zenos,
uW/cm2 RFR from an 'antenna park.' 1997
0.2 - 8 uW/cm2 RFR caused a two-fold increase in leukemia in children. Hocking, 1996
0.2 - 8 uW/cm2 RFR decreased survival in children with leukemia. Hocking, 2000
0.21 - 1.28 Adolescents and adults exposed only 45 min to UMTS cell phone Riddervold, 2008
uW/cm2 radiation reported increases In headaches.
0.5 uW/cm2 Significant degeneration of seminiferous epithelium in mice at

2.45 GHz, 30-40 min.
Saunders, 1981

0.5 - 1.0 uW/cm2 Wi-FI level laptop exposure for 4-hr resulted in decrease in 
sperm viability, DNA fragmentation with sperm samples placed 
in petri dishes under a laptop connected via WI-FI to the 
internet.

Avendano, 2012

1.0 uW/cm2 RFR induced pathological leakage of the blood-brain barrier. Persson, 1997
1.0 uW/cm2 RFR caused significant effect on immune function in mice. Fesenko, 1999
1.0 uW/cm2 RFR affected function of the immune system. Novoselova, 1999
1.0 uW/cm2 Short-term (50 min) exposure in electrosensitive patients, 

caused loss of well-being after GSM and especially UMTS cell 
phone radiation exposure.

Eltiti, 2007

1.3 - 5.7 uW/cm2 RFR associated with a doubling of leukemia in adults. Dolk, 1997
1.25 uW/cm2 RFR exposure affected kidney development in rats (in-utero Pyrpasopoulou,

exposure). 2004
1.5 uW/cm2 RFR reduced memory function in rats. Nittby, 2007
2 uW/cm2 RFR induced double-strand DNA damage in rat brain cells. Kesari, 2008
2.5 uW/cm2 RFR affected calcium concentrations in heart muscle cells. Wolke, 1996
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Reported Biological Effects from Radiofrequency Radiation at Low-Intensity Exposure
(Very Low-Intensity RF Exposures Comparable to Cell Towers)

Power Density* Description Source

2 - 4 uW/cm2 Altered cell membranes; acetycholine-induced ion channel 
disruption.

D'Inzeo, 1988

4 uW/cm2 RFR caused changes in hippocampus (brain memory and 
learning).

Tattersall, 2001

5 uW/cm2 RFR caused drop in NK lymphocytes (immune function 
decreased).

Boscolo, 2001

5.25 uW/cm2 20 minutes of RFR at cell tower frequencies induced cell stress 
response.

Kwee, 2001

5 - 10 uW/cm2 RFR caused impaired nervous system activity. Dumansky, 1974
6 uW/cm2 RFR induced DNA damage in cells. Phillips, 1998
8.75 uW/cm2 RFR at 900 MHz for 2-12 hours caused DNA breaks in leukemia

cells.
Marinelli, 2004

10 uW/cm2 Changes in behavior (avoidance) after 0.5 hour exposure to Navakatikian,
pulsed RFR. 1994

10 - 100 uW/cm2 Increased risk in radar operators of cancer; very short latency 
period; dose response to exposure level of RFR reported.

Richter, 2000

12.5 uW/cm2 RFR caused calcium efflux in cells - can affect many critical cell 
functions.

Dutta, 1989

13.5 uW/cm2 RFR affected human lymphocytes - induced stress response in 
cells.

Sarimov, 2004

20 uW/cm2 Increase in serum cortisol (a stress hormone). Mann, 1998
28.2 uW/cm2 RFR increased free radical production in rat cells. Yurekli, 2006
37.5 uW/cm2 Immune system effects - elevation of PFC count (antibody 

producing cells).
Veyret, 1991

45 uW/cm2 Pulsed RFR affected serum testosterone levels in mice. Forgacs, 2006
50 uW/cm2 Cell phone RFR caused a pathological leakage of the blood-brain 

barrier in 1 hour.
Salford, 2003

50 uW/cm2 An 18% reduction in REM sleep (important to memory and 
learning functions).

Mann, 1996

*Power Density (Microwatts/centimeter2 - uW/cm2) 

Color Key and Notes on page 4.
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Reported Biological Effects from Radiofrequency Radiation at Low-Intensity Exposure
(Very Low-Intensity RF Exposures Comparable to Cell Towers)

Power Density* Description Source

Color Key

Stress proteins, HSP, disrupted immune function 

Reproduction, fertility effects

Sleep, neuron firing rate, EEG, memory, learning, behavior

Oxidative damage, reactive oxygen species, DNA damage, DNA repair failure

Blood-brain barrier leakage

Cardiac, heart muscle, blood pressure, vascular effects

Notes

RF Levels exceed 0.1 to 0.5 uW/cm2 in nearly all locations of fire stations (at ground level) 
(LTE antennas only on a 70' pole)

RF levels exceed 15 to 17 uW/cm2 at 40' to 50' distance from tower (at ground level): 
no levels are less than 3 uW/cm2 out to 200' away from cell tower (at ground level)

(with co-location of two additional carriers on a 70' monopole).

Home 40' away and 50' higher (uphill): 2.60 uW/cm2 (Table 8)
Home 50' away and 50' higher (uphill): 6.98 uW/cm2 (Table 8)

(LTE antennas only on a 70' monopole)

Home 40' away and 50' higher (uphill): 256 uW/cm2 (Table 24)
Home 50' away and 50' higher (uphill): 303 uW/cm2 (Table 24)

(with co-location of two additional carriers on a 70' monopole).

LA County Firefighters Local 1014
Assessment of LA-RICs Cell Towers

Prepared by Sage Associates
March 2015



Electromagnetic Biology and Medicine

ISSN: 1536-8378 (Print) 1536-8386 (Online) Journal homepage: http://www.tandfonline.com/loi/iebm20

GSM 900 MHz radiation inhibits ants’ association 
between food sites and encountered cues

Marie-Claire Cammaerts, Philippe De Doncker, Xavier Patris, Frangois 
Bellens, Zoheir Rachidi & David Cammaerts

To cite this article: Marie-Claire Cammaerts, Philippe De Doncker, Xavier Patris, Francois 
Bellens, Zoheir Rachidi & David Cammaerts (2012) GSM 900 MHz radiation inhibits ants’ 
association between food sites and encountered cues, Electromagnetic Biology and Medicine, 
31:2, 151-165, DOI: 10.3109/15368378.2011.624661

To link to this article: http://dx.doi.org/10.3109/15368378.2011.624661

Published online: 23 Jan 2012.

Submit your article to this journal (2?

Iilll Article views: 108

Rl View related articles Gf

AH Citing articles: 3 View citing articles GF

Full Terms & Conditions of access and use can be found at 
http://www.tandfonline.com/action/journalInformation?journalCode=iebm20

Download by: [University of California, Berkeley] Date: 14 December 2015, At: 16:16

http://www.tandfonline.com/loi/iebm20
http://www.tandfonline.com/action/showCitFormats?doi=10.3109/15368378.2011.624661
http://dx.doi.org/10.3109/15368378.2011.624661
http://www.tandfonline.com/action/authorSubmission?journalCode=iebm20&page=instructions
http://www.tandfonline.com/doi/mlt/10.3109/15368378.2011.624661
http://www.tandfonline.com/doi/mlt/10.3109/15368378.2011.624661
http://www.tandfonline.com/doi/citedby/10.3109/15368378.2011.624661%23tabModule
http://www.tandfonline.com/action/journalInformation?journalCode=iebm20


D
ow

nl
oa

de
d 

by
 [U

ni
ve

rs
ity

 o
f C

al
ifo

rn
ia

, B
er

ke
le

y]
 at

 16
:1

6 1
4 D

ec
em

be
r 2

01
5

Electromagnetic Biology and Medicine, 31(2): 151-165, 2012 
Copyright © Informa Healthcare USA, Inc.
ISSN: 1536-8378 print / 1536-8386 online 
DOI: 10.3109/15368378.2011.624661

informa
healthcare

GSM 900 MHz radiation inhibits ants' association 
between food sites and encountered cues

Marie-Claire Cammaerts1, Philippe De Doncker2, Xavier Patris2, 
Francois Bellens2, Zoheir Rachidi1 & David Cammaerts1

1Universite Libre de Bruxelles, Faculte des Sciences, Bruxelles, Belgium, and 2Universite 
Libre de Bruxelles, Faculte des Sciences Appliquees, Bruxelles, Belgium

The kinetics of the acquisition and loss of the use of olfactory and visual cues were previously 
obtained in six experimental colonies of the ant Myrmica sabuleti meinert 1861, under normal 
conditions. In the present work, the same experiments were conducted on six other naive 
identical colonies of M. sabuleti, under electromagnetic radiation similar to those surrounding 
GSM and communication masts. In this situation, no association between food and either 
olfactory or visual cues occurred. After a recovery period, the ants were able to make such an 
association but never reached the expected score. Such ants having acquired a weaker olfactory 
or visual score and still undergoing olfactory or visual training were again submitted to 
electromagnetic waves. Not only did they lose all that they had memorized, but also they lost it in 
a few hours instead of in a few days (as under normal conditions when no longer trained). They 
kept no visual memory at all (instead of keeping 10% of it as they normally do). The impact of 
GSM 900 MHz radiation was greater on the visual memory than on the olfactory one. These 
communication waves may have such a disastrous impact on a wide range of insects using 
olfactory and/or visual memory, i.e., on bees.

Keywords Ant, Colony collapse disorder, Food collection, Myrmica sabuleti, Olfactory memory, 
Visual memory

INTRODUCTION

Many insects, e.g., ants and bees, can be conditioned using classical conditioning 
(Cammaerts, 2004b,c) or operant conditioning (Cammaerts, 2004d). We used such 
(classical and operant) conditioning as a method to study Myrmica sabuleti Meinert 
1861 workers' visual perception (Cammaerts, 2004a, 2007a,b, 2008). We then studied 
this ant species' use of vision and olfaction for foraging (Cammaerts and Lambert, 
2009, Cammaerts and Rachidi, 2009). Based on the results, we suspected that 
Myrmica sabuleti workers' associate food sites and either olfactory or visual cues 
differently. We therefore analyzed these types of associations, focusing, among 
others, on their kinetics (Cammaerts et al., in press). Working on six colonies, we 
found that olfactory conditioning was acquired in 4 days reaching then a score of 
80-85% while visual conditioning was acquired in 6-7 days reaching then a score of 
75-80% (Fig. 1, left part). When training was stopped, olfactory conditioning, since

Address correspondence to Marie-Claire Cammaerts, Universite Libre de Bruxelles, Faculte des 
Sciences, DBO, CP 160/12, 50 Av. F. Roosevelt, 1050 Bruxelles, Belgium;E-mail: mtricot@ulb.ac.be
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0 24 48 72 96 120 144 168 196 216 239 0 24 48 72 96 120 144 168 191

Time spent (h) 
Conditioning

FIGURE 1 Acquisition (left graphs) and loss (right graphs) of olfactory (= squares) and visual 
(= circles) conditioning. Ants of six colonies were collectively trained and individually tested in the 
course of time, day (white parts, empty squares and circles) and night (grey parts, black filled 
squares and circles) under normal condition (i.e., with no GSM 900 MHz radiation). Olfactory 
conditioning ended after 130 h. There is no gap between acquisition and loss. Myrmica sabuleti 
workers lose an olfactory conditioning more rapidly than a visual one.

that time, decreased entirely in 3.5 days while visual conditioning, after some delay, 
decreased during 4-5 days reaching the never lost score of 60-70% (Fig. 1, right 
part). This provided a basis for studying the effect of GSM 900 MHz radiation on 
animals learning or conditioning.

Gould (1982) wrote: 'During the short-term phase of active neural processing, 
any shock or disturbance is likely to cause to forget what is just experienced'. We 
therefore intended to study the impact of GSM 900 MHz radiation on naive ants' 
association between food and olfactory or visual cues, suspecting some negative 
effect of these communication waves during the process of conditioning.

Anyone can now find, on the Internet, plenty of links providing information about 
potential dangers of mobile phone radiation. Balmori (2009) clearly explained the 
possible impact of communication waves on the world life. Such probable effects 
may also be relevant for insects, essentially for those which live dependent on 
learning and memory. Bees are such insects. In the "Conclusions” section below, at 
page 13, we report on works which reveal and examine the effects of electromagnetic 
(especially RF) radiation on bees (i.e., Sharma and Kumar, 2010;Kumar et al., 2011). 
The current worldwide decline of this Hymenoptera (Guillet, 2007) increased our 
aim to study the impact of electromagnetic waves on ants' olfactory and visual 
conditioning (so too, on their use of encountered cues), a study we could precisely 
make since we knew exactly the kinetics of these conditionings under normal 
condition (Fig. 1).

MATERIAL AND METHODS

Collection and Maintenance of Ants
The assays were conducted on six large naive colonies collected in two abandoned 
quarries located in the Aise valley and at Lingle (Ardenne, Belgium).

A colony of M. sabuleti contains one or several queens, brood (eggs, larvae, and 
nymphs according to the season), and several hundred workers. Most of the workers 
stay in the nest, taking care of the queens and the brood. Several workers stay at the 
nest entrances. Rather old workers (10-50) forage outside, collect food, go back to

Electromagnetic Biology and Medicine
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their nest, and recruit nestmates toward food sites. To do so, they use their trail 
pheromone and their area marking substances as well as encountered olfactory and 
visual cues. Foragers must thus be able to learn such cues. Note that each ant species 
has its own characteristics, life cycle, population structure, and navigation system. 
Here, we only briefly describe the social life of M. sabuleti.

In the present work, the experimental colonies used were demographically 
similar, each containing a queen, brood, and about 500 workers. They were labeled 
1-6. Nymphosis began in colony 2 at the start of the present work. The colonies were 
maintained in the laboratory in artificial nests made of one to three glass tubes half- 
filled with water, a cotton-plug separating the ants from the water. The glass tubes 
were deposited in trays (37 cm X 52 cm X 8 cm) whose borders were covered with 
talc (Fig. 2). The trays served as foraging areas: food was delivered in them and ants 
were trained as well as tested in appropriate apparatus positioned on the floor of the 
trays (Fig. 4) but having their own, not chemically marked bottom.

The temperature was maintained ca. 20° ± 2°C and humidity at about 80%, both 
optimal values for the studied species. Lighting intensity was ca. 600 lux during the 
training phases and 10,000 lux while feeding and testing the ants.

A saturated solution of brown sugar was permanently offered in a glass tube 
plugged with cotton. Pieces of dead cockroaches were provided twice a week, 
deposited on a piece of glass. This meat food was not provided during experiments 
because it served as a reward during training (Fig. 2, 4).

GSM 900 MHz Exposure Set-up
The radio frequency (RF) signal was produced by a Rohde and Schwarz dual
channel SMATE200A vector signal generator (Fig. 2). The frequency was set to

FIGURE 2 Experimental design used for conducting olfactory (A, C) and visual (B, D) conditioning 
under GSM 900 MHz radiation. Six large colonies were positioned on the right and on the left of a 
wave generator, under two duly oriented antennae fixed on the wall. Fennel was used for olfactory 
conditioning (A, C), green hollow cubes for visual conditioning (B, D), and pieces of dead 
cockroaches as a reward.

Copyright © informa Healthcare USA, Inc.
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E W + olfactory conditioning

| 4 days \
EW turned off 36 h J

E W + visual conditioning

l 6 days j

EW turned off 30 h

olfactory conditioning without EW,

| 5 days .
+ E w | 1 ’/a days 

E W turned off 30 h

visual conditioning without E W

] 7 days j-

+ EW | 2 days

FIGURE 3 Experimental protocol. The here schematized manipulations were simultaneously 
performed on six colonies. E W = electromagnetic waves (GSM 900 MHz radiation) delivered by a 
generator (see the “Material and Methods” section). In the “Results” section, are related all the 
results concerning olfactory conditioning () then all those relative to visual conditioning ().

900 MHz, which is typical for GSM communications, and the signal was GSMK 
modulated in accordance to the GSM standard. The signal was produced via two 
channels, each of which delivered electromagnetic waves to three nests (Fig. 2). The 
two series of three nests were exposed to the waves by means of omni-patch 
antennas (one antenna connected to each channel of the source) with horizontal 
polarization and gain about 1.6. The antenna was placed one meter above the ants 
(Fig. 2). This experimental set-up was chosen to give an almost uniform electrical 
field pattern over the nests. The source power was set to 10 dBm (= dBmW = power 
ratio in decibels (dB) of the measured power referenced to one milliwatt (mW), a 
convenient measure of absolute power) for each channel, theoretically giving a 
nominal electric field value of about 1 V/m (volt/meter) over each nest. The latter 
value is approximate, the only precise one being 10 dBm. Theoretically, it can be

FIGURE 4 Ants' training and testing in the course of their olfactory (A, to fennel) and visual (B, to a 
green hollow cube) conditioning. Tests were performed in Y apparatus (which had their own 
bottom) positioned on the ants' foraging area and provided with the element to learn in one branch 
(A: pieces of thyme in the left branch; B: a green arch in the right branch). After being tested, each 
ant was momentarily kept in a polyacetate cup until 20 ants were tested.

Electromagnetic Biology and Medicine
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stated that a power density of 10 dBm gives an electromagnetic field of 0.77 V/m 
what corresponds to 7.95 X 10_4 W/m2 or 7.95 10_s mW/cm2.

The duration of exposure is detailed in the section “Experimental protocol.” 
Briefly, several exposure periods were successively and discontinuously conducted: 
the first period lasted four and a half days; the second one, six days; the third one, 
one and a half days and the last one, two days.

It must be known that, when it is activated, a typical GSM device, located at a 
few hundred meters from a common communication mast (not a booster or a 
repeater but a common efficient antennae), emits electromagnetic waves nearly 
every 30 s and has a power density of about 2 watts. The power density at 
a distance r (in meters) from such a GSM can be calculated using the formula: 
P (Watt)/[4 X Pius X (r (m))2] with P = 2 Watts and Pius = 22/7 = 3.1416. If 
r = 1 cm = 0.01 m, P = 2/4 X 22/7 X 0.012 = 1,590.9 Watts/m2 = 159.1 mWatts/cm2. 
However, for short distances (less than the wave length), the formula is not relevant 
since the GSM reflects electromagnetic waves, retains energy, and suddenly 
transmits it (I.C.N.I.R.P., 1998, and references therein;Wiedemann et al., 
2006). Thus, in the close proximity of a GSM device, the power density is higher 
than 1,591 Watts/m2 and intermittently becomes considerably greater. The 
electromagnetic field experimentally generated in the present work had a lower 
power density.

It is also of interest to know that the electromagnetic field surrounding 
GSM communication masts (again not boosters or repeaters) has a higher 
power density than that around a mobile phone, largely varies with the distance 
from the masts (like that generated by an activated GSM), and also varies with 
the kind of antennae and the countries. The antennae have a power varying 
between 2.5 and 320 Watts. However, in several countries, limits have been given 
for the electromagnetic fields generated by masts (for instance 3 V/m, 2 V/m in 
habited zones). A precise analysis has been made near a common mast 
(www.issep.be/open.asp?f = /files/ ... /CEM%20a%20proximite%20antennes). 
One antennae of that mast was set to 37 dBm. The power density of the 
electromagnetic field surrounding the mast equaled 5 Watts and that existing at a few 
hundred meters from it had a value of 0.250 V/m. Organisms flying near such 
common antennae are thus exposed to electromagnetic field similar to that here 
experimentally produced.

This information is only given to point out that the electromagnetic field here 
experimentally generated on six ant colonies has realistic (and even lower) power 
intensity than those usually encountered by living organisms. Since they nest in 
ground, grass, or wood, ants however may be less exposed to such electromagnetic 
fields than are flying animals (hymenoptera, birds, bats). They are here used as a 
model to investigate the effect of natural electromagnetic exposure on flying insects 
and animals, in general.

The here used programmed generator always produced the same electro
magnetic field, that is an electromagnetic field of the same quality and intensity. 
Before the start of the present work (= in the absence of generator), the 
electromagnetic field background in the laboratory was very weak, so weak that 
it was nearly impossible to phone using a GSM. At that time, the olfactory and the 
visual conditioning of M. sabuleti workers had been studied on six never exposed 
colonies (see “Introduction”). These six colonies were then maintained in a 
room located at 8 m away from the room where the exposure set up was placed. 
Two big walls existed between the two rooms. Even when the generator was 
switched on, the electromagnetic field surrounding these six never exposed colonies 
was very weak.

Copyright © informa Healthcare USA, inc.
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Experimental Protocol, Train of Manipulations
The ants were maintained for 16 days without being submitted to GSM 900 MHz 
radiation or any experiment. On day 16, the animals were judged to be healthy. 
They sufficiently collected meat food and sugared water; they rapidly moved 
between nest entrances and food sites; they recuited congeners; they made 
trophallaxis; the brood developed; queens were fed; and the low numerous corpses 
were transported to cemeteries. Nymphs were precociously appearing in colony 2 
(Fig. 3).

The six colonies were simultaneously submitted to GSM 900 MHz radiation and to 
olfactory training to fennel. At that time, 20 ants of each colony were tested each day, 
at specific times given in Table 1, during 41 days (the period required to obtain the 
maximum test score of the population in front of the olfactory cue;Fig. 1). The tested 
ants were randomly chosen among the forager populations, made of about 20-30 
individuals.

Electromagnetic waves were then turned off during one and a half days. After that, 
the ants were simultaneously submitted again to GSM 900 MHz radiation and to 
visual training to a green hollow cube. At that time, 20 ants of each colony were 
tested at least once a day, at specific times given in Table 2, during six days (the 
period required to obtain the maximum test score of the population in front of the 
visual cue; Fig. 1)

Electromagnetic waves were then no longer delivered for 30 h. After that, the ants 
were submitted to olfactory training to fennel, in the absence of GSM 900 MHz 
radiation. Twenty ants of each colony were tested, as indicated above (Table 1), 
during 5 days (a laps of time deduced from Fig. 1), i.e., until the ant population's 
score no longer increased.

TABLE 1 Numbers of ants (among 20), belonging to 6 colonies, going to the correct direction in a Y 
maze. The ants were trained to an odor (i.e., pieces of fennel) and tested in its presence. Clock and 
spent times are given. Mean scores are the mean proportions of correct choices. Statistics are the 
results of Wilcoxon non-parametric tests between the test numbers and the six corresponding 
control ones. N = number of ranks;T = sum of the ranks;P = probability of occurrence of T under 
the assumption of no difference vs. the control;according to Siegel and Castellan (1989). NS = not 
significant results for P = 0.05.

Colonies Mean Statistics
Experiments 1 2 3 4 5 6 scores N T P
Control 10 9 10 11 10 9 49.2% -
Conditioning
22h30 8h 9

Under electromagnetic 
11 9 10

waves
9 10 48.3% NS

14h30 24 h 10 9 10 9 10 10 48.3% NS
21h30 31 h 9 10 10 9 9 11 46.7% NS
17h30 51 h 9 10 9 8 11 10 47.5% NS
17h30 75 h 9 9 10 10 11 8 47.5% NS
22h30 102 h 10 10 10 8 9 11 47.5% NS

9h 9h 13
After a 30 h recovery period 

13 11 13 11 12 60.8% 6 21 0.016
22 h 22 h 14 13 13 12 14 13 65.8% 6 21 0.016
22h30 46.5 h 14 14 15 14 15 15 72.5% 6 21 0.016
22 h 70 h 16 16 17 16 17 16 81.7% 6 21 0.016
22 h 94 h 17 16 16 17 17 16 82.5% 6 21 0.016
13h30 109.5 h 15 16 15 15 16 16 77.5% 6 21 0.016
22 h 118h 16 16 16 16 15 16 79.2% 6 21 0.016

15h 16h
Again under electromagnetic waves
12 13 12 13 12 12 61.7% 6 21 0.016

22h30 23.5 h 11 10 9 10 9 10 49.2% 5 10.5 NS

Electromagnetic Biology and Medicine
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TABLE 2 Legend identical to that of Table 1 except that the cue used for training and testing the ants 
was a visual one, i.e., a green hollow cube.

Colonies Mean Statistics
Experiments 1 2 3 4 5 6 scores N T P
Control 10 9 10 11 10 9 49.2% -
Conditioning
15h30 16h 9

Under electromagnetic 
9 9 10

waves
9 8 47.5% NS

15h30 40 h 8 10 10 9 10 9 46.6% NS
14h30 63 h 9 10 10 9 9 10 47.5% NS
14h30 87 h 9 10 8 8 9 8 44.2% 6 21 0.016
17h 113.5h 9 11 9 10 8 11 48.3% NS
17h 138.5 h 9 9 10 8 10 10 47.5% NS

22 h 23 h 10
After a 30 h recovery period 

10 11 11 11 12 54.2% 4 10 0.06
22 h 47 h 11 12 12 11 11 12 57.5% 5 15 0.03
14h 63 h 12 11 12 12 13 12 60.8% 6 21 0.016
22 h 71 h 12 11 13 11 14 13 61.7% 6 21 0.016
13h30 86.5 h 12 13 13 13 13 14 63.3% 6 21 0.016
12h30 109.5h 13 13 13 13 13 13 65.0% 6 21 0.016
15h30 136.5 h 13 13 13 14 13 13 65.8% 6 21 0.016
23h30 168.5 h 13 13 13 13 14 13 65.8% 6 21 0.016

9h30 9h
Again under electromagnetic waves
11 13 11 10 12 12 57.5% 6 19 0.047

15h30 15h 11 10 11 11 11 10 53.3% 5 15 0.03
22h30 22 h 11 12 8 10 11 10 51.7% NS
22h30 46 h 10 9 9 9 11 10 48.3% NS

Electromagnetic waves were then turned on again, whereby training to fennel 
continued: again, 20 ants of each colony were tested at specific times (Table 1) 
during one and a half days, a period after which the ant population's score no longer 
decreased.

Then, waves were turned off for 30 h. After that, the ants were submitted to visual 
training to a green hollow cube, in the absence of GSM 900 MHz radiation and, once 
more, 20 ants of each colony were tested at specific times (Table 2) during 7 days 
(i.e., largely after the test score of the population normally no more increased;Fig. 1).

Electromagnetic waves were then turned on again while training to green 
continued: again, 20 ants of each colony were tested at specific times during two 
days (Table 2), i.e., until the score of the ants' population no longer changed.

Experimental Material
Ants were collectively olfactory trained by placing, in each tray, small pieces of fennel 
around a piece of dead cockroach deposited on a cover glass (Fig 2A,C). They were 
collectively visually trained by placing, in each tray, the frame of a green hollow cube 
over a piece of dead cockroach deposited on a cover glass (Fig. 2B,D). The hollow 
cubes were made of strong green paper (Canson ®) and glued exactly like the black 
hollow cubes used for studying the ants' adaptation to light intensity (Cammaerts, 
2005) and the green hollow cubes used for defining the kinetics of the ants' visual 
conditioning (Cammaerts et al., in press). The wavelength spectra reflected by the 
green paper is given in Cammaerts (2007b) and in Cammaerts and Cammaerts 
(2009). Note that it was each time operant conditioning: the ants going by themselves 
to the experimental apparatus without any intervention of researchers.

Ants were individually tested (during control and test experiments) in a Y-maze 
positioned in the ants' trays, each colony having its own maze (Fig. 4A,B). The ''Ys'”

Copyright © informa Healthcare USA, inc.
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were built of strong white paper. They had their own bottom and their borders were 
covered with a thin strip of talc. They were provided with fennel (olfactory 
conditioning) or an arch in strong green paper (visual conditioning) set in one 
branch of the Y maze, the left or the right one randomly changed from one 
experiment to the other and from a colony to the other. Such Y-mazes are described 
and pictured in the article dealing with the ants' conditioning under normal 
condition (Cammaerts et al., in press).

Ant Training
This was made by continuously presenting to the ants either the olfactory or the 
visual training apparatus provided with meat food. All the foragers of each used 
colony were so continuously submitted to either an olfactory or a visual operant 
conditioning. During the training period, the apparatus were relocated once or twice 
each day and meat was renewed whenever necessary, but never periodically to avoid 
spatial as well as temporal learning M. sabuleti can acquire (Cammaerts, 2004b).

Ant Testing
All the control and test experiments were performed in the Y-apparatus briefly 
described above (Experimental material) and shown in Fig. 4. During a control, 
the Y was empty. During a test, the Y was provided with the olfactory or the visual 
cue with which the ants had been trained. The cue was placed in the left or in the 
right arm of the Y, randomly from one experiment to the next and from one colony 
to the next.

To conduct a control or a test on a colony, 20 foragers of that colony were 
transferred one by one into the Y apparatus, close to the entrance. The ants were not 
marked. The 20 tested ants were randomly chosen among the population of foragers 
of each colony (20-30 ants per colony). The same ant population was so used for 
each experiment though not exactly the same ants were each time tested. Each 
transferred ant was observed until it turned, inside of the "Y” at the choice point, 
either to the left or to the right, its choice being recorded. Only the first choice was 
noted, regardless whether the ant turned back on its own path and independent of 
any secondary choice. Then the tested ant was removed from the Y and transferred 
into a polyacetate cup whose rim was covered with talc, until 20 congeners were 
tested. The same manipulation was performed on each of the six used colonies. Note 
that the observations were made by the first author for avoiding, to the co-authors, 
healthy problems caused by the exposure.

Quantification of Ant Responses; Statistical Analysis
Each experiment consisted in recording (for each colony) the number of ants turning 
to the left and to the right (control) or towards the cue and towards the other 
direction (test) in the Y device (Tables 1, 2). The experiments performed on the six 
colonies were similarly designed. This enabled calculating the mean proportion of 
ants that turned towards the cues (i.e., % of correct responses;Tables 1, 2). Wilcoxon 
nonparametric tests (Siegel and Castellan, 1989) were performed between the six 
numbers (a number per colony, see the first sentence of this paragraph) of ants 
having turned towards the cue during the test and the six corresponding control 
numbers. The obtained values at time "x” were thus compared to those at time 
"zero” (that is the control values obtained without exposure and, above all, without 
training). The ants' responses were considered as being not significant at P > 0.05. 
We used a one sided test because we statistically analyzed the ants' conditioning 
score (is it statistically higher than the control one?) and not the effect (initially 
unknown) of GSM 900 MHz radiation.

Electromagnetic Biology and Medicine
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RESULTS

Association between Food and Olfactory Cue under GSM 900 MHz Radiation
When submitted to olfactory training under normal conditions, M. sabuleti workers 
responded to the presented odour with a score of 60% after 6 h of training;the test 
score of the population improved to 85% after 3 2 days. Then, the ants permanently 
kept this score despite ongoing training. When the odor was no longer presented, the 
ants lost their olfactory memory in about three and a half days (16% in 7 h and the last 
13% in 80 h) (Fig. 1).

Under GSM 900M Hz radiation, naive workers of the same species showed a score 
of 48.3% after 8h. The tested ants still presented such a low score (instead of 85%) 
after 102 h (i.e., after 4.25 days) (Table 1). Consequently, under the influence of 
waves, M.sabuleti workers never could associate the presence of food to that of an 
olfactory cue.

Olfactory trained again after a recovery period of 30 h, the ant population 
reached a score of 60.8% after 9 h. This score continued to increase during four days, 
peaking at 82.5%. Thereafter, even if the olfactory cue was still presented to the ant 
population, the final score remained in the range of 77-80% (Table 1), i.e., 5% less 
than the expected score under normal conditions. This occurred similarly for the six 
colonies used. So, obviously, the ants associated food and an olfactory cue less well 
after having been exposed to waves rather than those who had never been exposed.

While still trained to fennel and when being at their final score of 77-80%, the 
colonies were again submitted to GSM 900 MHz radiation. They then lost 17.5% of 
their collective response in 16 h and the last 12% in 23.5 h (Table 1). Thus, when 
exposed to electromagnetic communication waves, the ants not only did not 
keep their acquired olfactory learning, but also lost it more quickly than when 
training ceased under normal conditions.

Association between Food and a Visual Cue, under GSM 900 MHz
Visually trained under normal conditions, M. sabuleti workers first exhibited a 
latency period of about 30 h, then acquired 10% of their learning in one day and the 
last 18% in about 5 days. After that, though the visual cue was still presented, the ants 
went on showing a final score of 75-80%. When the visual cue was removed, under 
normal conditions, the ants continued to respond to it for about 30 h, then lost 
10% of their response in one day and 5% more in about 3 days. Thereafter, they 
permanently kept 10% of their visual memory (Fig. 1).

When visually trained under GSM 900 MHz radiation, the same ant species (but 
other, not yet tested workers) presented a collective score of 46-47% (instead of 80%) 
even after 63 h, a period considerably larger than the usual latency period (Table 2). 
The attempt to obtain a better score was extended for a total of 138.5 h (nearly 
6 days), but the ants of the six used colonies still failed to acquire any association 
between food and the presented visual cue: they exhibited a collective not significant 
score of 47.5% after these 6 days (Table 2).

The experimented ants then went through a 30 h recovery period before being re
submitted to visual training without exposure to waves. They then exhibited a latency 
period of about 47 h (> 30 h;Tab. 2), acquiring 10% of their association between food 
and the visual cue in about 65 h - 70 h (> 1 day) and the last 5% in about 3 days 
(Tab. 2). The training was then maintained, but the ants never reached the expected 
normal score of 75% - 80%. Therefore, after having been submitted to GSM 900 MHz 
radiation for 6 days and having then recovered for 30 h, M. sabuleti workers 
presented a deficiency of more than 10% (65% instead of 75-80%) of their ability in 
associating food and a visual cue. This occurred similarly for the six colonies used.

Copyright © informa Healthcare USA, inc.
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The ants that had acquired some ability in associating food and a visual cue (score 
of 65%) were thereafter still maintained under training and simultaneously 
re-submitted to GSM 900 MHz radiation. They lost 7% of their performance in 9 h and 
all of it in 22 h (Table 2). Consequently, under the influence of waves, previously and 
permanently trained ants: (1) forgot their acquired association between food and a 
visual cue; (2) forgot more rapidly than when no longer trained under normal 
conditions;and (3) kept no visual memory at all, instead of 10% under normal 
conditions.

PHYSIOLOGICAL OBSERVATIONS

Twenty years of maintaining and working on M. sabuleti in the laboratory enabled us 
to detect six physiological deficiencies in the colonies submitted to electromagnetic 
waves (four exposures, ranging from 4-6 days, with a 30h recovery period in 
between). These observations were supported by a comparison with the 
physiological state of twenty other laboratory colonies never exposed to wireless 
waves.

• The foragers moved slowly, hesitantly, often turning back or stopping instead of 
going quickly and directly towards their food sites or their nest entrances.

FIGURE 5 Effects, on an ant colony, of a few days (see Figure 3) exposure to GSM 900 MHz radiation. 
A: a never exposed colony;B: an exposed colony. Initially, the colony shown in B was more 
populous than that shown in A. The effect of the radiation is obvious. Details are given in the text, 
in the “Physiological Observations” section.

Electromagnetic Biology and Medicine
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• Some ants exhibited locomotors ataxia.
• The level of food intake (pieces of dead cockroaches and sugared water) 

decreased during exposure to the waves.
• The larvae present in the nests at the start of the experiment ceased development: 

they either remained at the same larval stage or died at the end of the four 
exposure periods.

• Nymphs of colony 2 stopped their development into callows;they were found 
unchanged or dead after the experiments. During the experimental period, the 
brood of all the unexposed colonies developed into callows and/or into imagos.

• About 50 adults per colony and a queen of 1 colony were found dead on the 
foraging area at the end of the manipulations. Contrary to the normal scenario, 
they were not transported to the colony's cemetery.

These observations were not quantified nor statistically analyzed since they were 
not expected. But we photographed one of the never exposed colonies and one of the 
exposed ones (Fig. 5). Before exposure, the latter colony was more populous than the 
other one. The effects of GSM 900 Mhz radiation are obvious.

Two months after their exposure to GSM 900 MHz radiation, the ants of the six 
colonies appeared to be again in good health, exhibiting normal movement, food 
collection, nestmate recruitment, and brood rearing. Of course, they were less 
numerous than before the experiments. Obviously, adaptation to electromagnetic 
exposure is impossible. Unexpectedly, ovary development occurred in several 
workers of the six exposed colonies.

CONCLUSIONS

Based on a knowledge of the acquisition and the loss of the association between food 
and an olfactory or a visual cue by the foragers of the ant M. sabuleti (Fig. 1; 
Cammaerts et al., in press), the present work shows and quantifies six effects of GSM 
900 MHz radiation on such an ability.

(1) Exposed naive workers failed to acquire the ability of associating encountered 
cues and the presence of food.

(2) After exposure and a subsequent 30 h recovery period, the ants could associate 
food and an olfactory or a visual cue but never reached the expected scores. 
Deficiencies of 5% (among 30%) for the olfactory association and of 10% (among 
25%) for the visual one were recorded.

(3) While being either olfactorily or visually trained, and when exposed to waves, the 
ants having already acquired some association between food and cues lost their 
acquisition instead of keeping it unchanged.

(4) The loss of the association between food and an olfactory or a visual cue under 
exposure (instead of keeping it: see '3.' here above) was more rapid than in those 
ants that were no longer trained in normal experiments (and therefore naturally 
lost their acquired association). Olfactory memory vanished in 23.5 h vs. 31 days, 
visual one in 22 h vs. 4 days.

(5) Exposed ants entirely lost their ability in using a visual cue instead of 
permanently keeping 10% of it (as they did under normal conditions though no 
longer being trained).

(6) Exposure seems to affect visual memory more than olfactory memory.
(7) Moreover, six physiological impacts of GSM 900 MHz radiation were observed 

(but not quantified because they were unexpected). These impacts concerned 
ant movement, feeding and brood development.

Copyright © informa Healthcare USA, inc.
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Our Results Lead to Four Comments

(1) There is a chronological order of visible impacts of GSM 900 MHz radiation 
on the ants' conditioning, behavior and physiology. First, learning 
performances suffered; then, foragers' movement on their foraging areas 
appeared to be affected; after that, several ant activities deviated from the 
normal;at that time, it was subjectively observed that brood rearing suffered; 
then larvae and nymphs no longer moulted; finally, unusually large numbers of 
workers and larvae died.

(2) Previous ethological work showed that visual memory in ants is more complex 
and has more steps (depends on more physiological events) than olfactory 
memory. Anatomical works are also in favor of such a difference between 
olfactory and visual perception in insects (i.e., Strausfeld, 2009): more nervous 
cells are concerned. The present work reveals a more severe impact of 
electromagnetic wave exposure on visual vs. olfactory memory, agreeing with an 
impact of electromagnetic waves primarily on nerve cells. It should be of interest 
to assess insects' memory in the absence and under the influence of RF 
radiation. No rigorous work exist on the subject but informative links can be 
found on internet (i.e., http://www.newmediaexplorer.org/sepp/2007/03/06/ 
millions_of_bees_die_are_electromagnetic_signals_to_blame.htm).

(3) Olfactory conditioning to fennel was actually an olfactory and not a visual 
conditioning. It has previously been checked that M. sabuleti workers 
conditioned to fennel correctly reacted to aqueous extract of fennel (Cammaerts 
and Rachidi, 2009).

(4) Our results and observations suggest that GSM 900 MHz radiation might have a 
severe impact on nerve cells. Indeed, efficient association between food and 
encountered cues requires a correct functioning of the brain and other nerve 
cells. This also applies to the moulting of the larvae and the nymphs, a 
physiological event which depends on a correct operation of the pars inter 
cerebralis. Our following work on the subject (Cammaerts et al., submitted) and 
that of Harst et al. (2006) are in favor of such a hypothesis. Our work on 
Paramecium caudatum revealed an impact of GSM 900MHz radiations on the 
cellular membrane (Cammaerts et al., 2011).

Recently, Orendaeova et al. (2009) studied the possible risk due to pulsed EMF 
(frequency: 2,45GHz;mean power density: 2.8mw/cm2) on rat postnatal 
neurogenesis, examining the relation with the animal's age and the duration of 
exposure. Newborn and senescent rats were entirely exposed either during 2 days, 
4 h/day or during 3 days, 8 h/day. Immunohistochemical changes within nervous 
cells were examined: changes in proliferating nervous cell numbers occurred 
depending on the animal's age and the exposure doze. Here we showed a disastrous 
impact of EW on an animal's faculties which depend on its nervous system, i.e. its 
olfactory and visual learning and its postnatal development.

The present work deals with acquired behavior. Other experiments focused 
on innate behavior (trail following behavior, area marking perception, response to 
alarm pheromone, food collection, and nestmate recruitment) and revealed drastic 
effect of electromagnetic waves on these natural behaviour (Cammaerts et al., 
submitted).

We cautiously suggest that electromagnetic radiation may have an impact on the 
behavior, and more precisely on the orientation behavior, the navigation of animals 
which use magnetic field or waves to find their way (migratory birds, bats, 
dolphins). Works of Everaert and Bauwens (2007), Nicholls and Racey (2009), as

Electromagnetic Biology and Medicine
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well as those related in the links http://www.ehow.com/about_6138183_wave-its- 
impact-endangered-species.html and http://emfjournal.com/2010/01/19/the-im- 
pact-of-magnetic-pulsations-on-humans-and-animals/, are in favor of such 
an hypothesis.

Interestingly, at the end of the here related experiments, the overall state of the 
six colonies was similar to that of bee colonies suffering from CCD (colony 
collapse disorder) (see "Results”). We speculate that the effects of GSM 900 MHz 
radiation reported here for ant learning, memorisation and physiological 
functions also apply to bee faculties and physiology. The visual memorization, 
distance travelled estimation, time evaluation, path integration, and orientation 
systems of bees might suffer from exposure to such waves and might, at least 
partly, explain their present decay. This hypothesis has in fact been forwarded by 
a minority of beekeepers and researchers (e.g., Guillet, 2007; Carlo, 2007). 
Although valuable studies reveal insects' sensitivity to electromagnetic waves (e.g., 
Warnke, 1973;Eskov and Sapozhnikov, 1976;Hsu and Li, 1994;Hsu et al., 2009), 
the impact of such exposure on the bees' life has little been scientifically analyzed 
and is still mistaken with or masked by the effect of other factors, among others, 
the simultaneous use of several pesticides. The survey made in France on May 16, 
2008 (http://www.sciences.gouv.fr/fr/dossiers/bdd/page/3Zres/2856/la-dispari- 
tion-des-abeilles) reflects this problem. However, recent works obviously showed 
the impact of electromagnetic waves on the bees. Harst et al. (2006) studied 
unhealthy non thermal effects of electromagnetic wave exposure using bees as a 
model and pointed out potential deficiencies in their building as well as returning 
behavior. Sharma and Kumar (2010) simply placed two activated GSM inside of 
two bee hives and so showed that the bees' life is negatively influenced by 
electromagnetic waves; among others, there was neither honey nor pollen in the 
hives after the experiment. Favre (2011, and references therein) revealed that 
activated mobile phones induce "piping” in honeybees staying in the hive, a 
behavior usually exhibited in disturbed bee colonies or to announce a swarming 
process. Recently, Kumar et al. (2011) revealed biochemical changes in honeybee 
workers submitted to cell phone radiation.

The effect of GSM 900 MHz radiation on humans has currently become a 
problematic subject. Murase's contributions (2004, 2005, 2006, 2008) are in the 
forefront of these studies. Accordingly, molecular mechanisms may be involved in 
the impact of electromagnetic waves on organisms. The present results, those of 
Cammaerts et al. (2011, submitted), agree with this hypothesis. Though this 
approach is still in its early stages, the impact of exposure to communication waves 
in animals is becoming increasingly explored as evidenced by several internet links 
(e.g., www.scribd.com/doc/6293119/Bees-Birds-And-Mankind-Destroying-nature- 
by-electrosmog) as well as by a few scientific works (Stever et al., 2005;Panagopoulos 
et al., 2004;Balmori, 2006;Everaert and Bauwens, 2007;Nicholls and Racey, 2009; 
Benlaidi and El Kharroussi, 2011).

Lastly, we very cautiously suggest that electromagnetic radiation might be used for 
controlling pest insect development. Adequate generators of electromagnetic waves 
could, for instance, be switched on, from time to time, to protect flour, seeds, 
harvests, and crops against plundering insects.

In the present work, we experimentally demonstrate the effect of 900 MHz 
(10 dBm) waves on ant foragers' ability in using olfactory and visual cues, and 
we reveal an impact on their physiology. We speculate about similar effects on 
other insects (i.e., bees) and about an impact of EW on the nervous cells 
functioning. We cautiously advance some economical-ecological application of 
these results.
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http://www.ehow.com/about_6138183_wave-its-impact-endangered-species.html
http://www.ehow.com/about_6138183_wave-its-impact-endangered-species.html
http://emfjournal.com/2010/01/19/the-im-pact-of-magnetic-pulsations-on-humans-and-animals/
http://emfjournal.com/2010/01/19/the-im-pact-of-magnetic-pulsations-on-humans-and-animals/
http://www.sciences.gouv.fr/fr/dossiers/bdd/page/3Zres/2856/la-dispari-tion-des-abeilles
http://www.sciences.gouv.fr/fr/dossiers/bdd/page/3Zres/2856/la-dispari-tion-des-abeilles
http://www.scribd.com/doc/6293119/Bees-Birds-And-Mankind-Destroying-nature-by-electrosmog
http://www.scribd.com/doc/6293119/Bees-Birds-And-Mankind-Destroying-nature-by-electrosmog


D
ow

nl
oa

de
d 

by
 [U

ni
ve

rs
ity

 o
f C

al
ifo

rn
ia

, B
er

ke
le

y]
 at

 16
:1

6 1
4 D

ec
em

be
r 2

01
5

164 M.-C. Cammaerts et al.

ACKNOWLEDGEMENTS

We are very grateful to Drs. R. Cammaerts and S. Patigny (Entomologists) who 
helped with the writing of this manuscript. We thank again Dr. S. Patigny for 
providing us with several references. Once more, Dr. M. Stachowitsch corrected our 
English, and we feel indebted to him. Finally, we very sincerely thank the Editor of 
the journal as well as two anonymous referees whose judicious remarks allowed us to 
improve our article.

Declaration of interest
The authors report no conflicts of interest. The authors alone are responsible for the 
content of and writing of the article.

REFERENCES

Balmori, A. (2006). The incidence of electromagnetic pollution on the amphibian decline: Is this an 
important piece of the puzzle? Toxicol. Environm. Chem. 88:287-299.

Balmori, A. (2009). Electromagnetic pollution from phone masts. Effects on wildlife. Pathophysiology 16: 
191-199.

Benlaidi, F. Z., El Kharroussi, M. (2011). Effets des ondes electromagnetiques generees par le GSM sur la 
memoire et le comportement chez le rat. http://sites.google.com/site/9drineuro/r%C3%A9sum% 
C3%A9s6

Cammaerts, M.-C. (2004a). Some characteristics of the visual perception of the ant Myrmica sabuleti. 
Physiol. Entomol. 29:472-482.

Cammaerts, M.-C. (2004b). Classical conditioning, temporal learning and spatial learning in the ant 
Myrmica sabuleti. Biologia 59:243-256.

Cammaerts, M.-C. (2004c). Visual cue generalisation and spatial conditioning in the ant Myrmica sabuleti. 
Biologia 59:257-271.

Cammaerts, M.-C. (2004d). Operant conditioning in the ant Myrmica sabuleti. Behav. Process. 67: 
417-425.

Cammaerts, M.-C. (2005). Sensitivity and adaptation of Myrmica sabuleti workers (Hymenoptera: 
Formicidae) to light. Myrmecol. News 7:77-86.

Cammaerts, M.-C. (2007a). Perspective vision in workers of Myrmica sabuleti Meinert, 1861 
(Hymenoptera: Formicidae). Myrmecol. News 10:21-26.

Cammaerts, M.-C. (2007b). Colour vision in the ant Myrmica sabuleti MEINERT, 1891 (Hymenoptera: 
Formicidae). Myrmecol. News 10:41-50.

Cammaerts, M.-C. (2008). Visual discrimination of cues differing as for their number of elements, their 
shape or their orientation, by the ant Myrmica sabuleti. Biologia 63:1169-1180.

Cammaerts, M.-C., Cammaerts, D. (2009). Light thresholds for colour vision in the workers of the ant 
Myrmica sabuleti (Hymenoptera: Formicidae). Belg. J. Zool. 138:40-49.

Cammaerts, M.-C., Debeir, O., Cammaerts, R. (2011). Changes in Paramecium caudatum (Protozoa) near a 
switched-on GSM telephone. Electromagn. Biol. Med. 30:57-66.

Cammaerts, M.-C., Lambert, A. (2009). Maze negotiation by a myrmicine ant (Hymenoptera: Formicidae). 
Myrmecol. News 12:41-49.

Cammaerts, M.-C., Rachidi, Z. (2009). Olfactive conditioning and use of visual and odorous cues for 
movement in the ant Myrmica sabuleti (Hymenoptera, Formicidae). Myrmecol. News 12:117-127.

Cammaerts, M.-C., Rachidi, Z., Bellens, F., et al. Food collection and response to pheromones in an ant 
species exposed to electromagnetic radiation. Belg. J. Zool. submitted.

Cammaerts, M.-C., Rachidi, Z., Cammaerts, D. (2011). Collective operant conditioning and circadian 
rhythms in the ant Myrmica sabuleti (Hymenoptera, Formicidae). Bull. Soc. R. Ent. B. 147.

Carlo, G. L. (2007). Hecatombe des abeilles: etude d'un lien avec la pollution electromagnetique. 
www.noe.org/fr/hcatombe-des-abeilles-tude-d-un-lien-avec-pollution-lectromgntique-t2i3477p1.html

Eskov, E. K., Sapozhnikov, A. M. (1976). Mechanisms of generation and perception of electric fields by 
honey bees. Biophysik 21:1097-1102.

Everaert, J., Bauwens, D. (2007). Un effet possible des radiations electromagnetiques des stations de base 
de telephonie mobile sur le nombre de moineaux domestiques (Passer domesticus). Electromagn. Biol. 
Med. 26:63-72.

Favre, D. (2011). Mobile phone-induced honeybee worker piping. Apidologie 42:270-279.

Electromagnetic Biology and Medicine

http://sites.google.com/site/9drineuro/r%C3%A9sum%25
http://www.noe.org/fr/hcatombe-des-abeilles-tude-d-un-lien-avec-pollution-lectromgntique-t2i3477p1.html


D
ow

nl
oa

de
d 

by
 [U

ni
ve

rs
ity

 o
f C

al
ifo

rn
ia

, B
er

ke
le

y]
 at

 16
:1

6 1
4 D

ec
em

be
r 2

01
5

Electromagnetic Waves inhibit Learning 165

Gould, J. L. (1982). Ethology. The Mechanisms and Evolution of Behavior. Princeton University. 
Department of Biology. WW Norton et Company. New York (10 110), London (WC1B 3NU), 544 pp.

Guillet, D. (2007). Requiem pour nos abeilles. www.santepublique-editions.fr/objets/AbeillesGuillet2.pdf
Harst, W., Kuhn, J., Stever, H. (2006). Can electromagnetique exposure cause a change in behaviour? 

Studying possible non-thermal influences on honey bees- An approach within the frame work of 
Educational Informatics. Acta Systematica - IIAS Intern. J. 6:1-6.

Hsu, C.-Y., Li, C.-W. (1994). Magnetoreception in Honeybees. Sci. Mag. 265:95-97.
Hsu, C.-Y., Ko, F.-Y., Li, C.-W., et al. (2009). Magnetoreception System in Honeybees (Apismellifera).
I.C.N.I.R.P.(1998). Guidelined for limiting exposur to time-varying electric, magnetic and electromagnetic 

fields (up to 300 GHz). Health Phys. 74:404-522.
Kumar, N. R., Sangwan, S., Badotra, P. (2011). Exposure to cell phone radiations produces biochemical 

changes in worker honey bees. Toxicol. Int. 18:70-72.
Murase, M. (2004). Proceedings of the first meeting on electromagnetic fields and their biological effects. 

Bussei Kenkyu Kyoto 82:45 -192.
Murase, M. (2005). Proceedings of the second meeting on electromagnetic fields and their biological 

effects: towards the investigation of molecular mechanisms. Bussei Kenkyu Kyoto 85:223 - 362.
Murase, M. (2006). Proceedings of the third meeting on Electromagnetic fields and their biological effects: 

molecular mechanisms and total evaluation. Bussei Kenkyu Kyoto 86:621-730.
Murase, M. (2008). Environmental pollution and health: an interdisciplinary study of the bioeffects of 

electromagnetic fields. SANSAIEnviron. J. Glob. Commun. Kyoto Univ. 3:1-35 http://hdl.handle.net/ 
2433/49793

Nicholls, B., Racey, P. A. (2009). The aversive effect of electromagnetic radiation on foraging bats - A 
possible means of discouraging bats from approaching wind turbines. PLoSOne4:e6246.

Orendaeova, J., Raeekova, E., Orendae, M., et al. (2009). Immunohistolochemuical study of postnatal 
neurogenesis after whole-body exposure to electromagnetic fields: evaluation of age- and dose- related 
changes in rats. Zeit. Cell Mol. Neurobiol. 29:981-990.

Panagopoulos, D. J., Karabarbounis, A., Margaritis, L. H. (2004). Effect of GSM 900-MHz mobile phone 
radiation on the reproductive capacity of Drosophila melanogaster. Electromagn. Biol. Med. 23:29 - 43.

Sharma, V. P., Kumar, N. R. (2010). Changes in honeybee behavior and biology under the influence of 
cellphone radiations. Curr. Sci. 98:1376-1378.

Siegel, S., Castellan, N. J. (1989). Nonparametric Statistics for the Behavioural Sciences. Singapore: 
McGraw-Hill Book Company.

Stever, H., Kuhn, J., Otten, C., et al. (2005). Verhaltensanderung unter elektromagnetisher exposition. 
Pilotstudie 2005: Agbi (Arbeitsgruppe Bildungsinformatik). Inst fur Mathematik, univ. Koblenz-Landau.

Strausfeld, N. J. (2009). Brain organization and the origin of insects: an assessment. Proc. Roy. Soc. Belg.
Warnke, U. (1973). Physikalisch-physiologishe Grundlagen zur luftelektrisch bedingten “Wetterfuhligkeit” 

der Honigbiene (Apis mellifica). Diss. Saarbriicken 276:1029-1937
Wiedemann, P. M., Thalmann, A. T., Grutsch, M. A., et al. (2006). The impact of precautionary measures 

and the disclosure of scientific uncertainty of EMF risk perception and trust. J. Risk Res. 9:361 -372.

Copyright © informa Healthcare USA, inc.

http://www.santepublique-editions.fr/objets/AbeillesGuillet2.pdf
http://hdl.handle.net/


ORIGINAL PAPERS

International Journal of Occupational Medicine and Environmental Health 2010;23(2):191-199
DOI 10.2478/v10001-010-0021-8

EFFECTS OF GSM SIGNALS DURING EXPOSURE 
TO EVENT RELATED POTENTIALS (ERPs)
MAREK B^K1, ADAM DUDAREWICZ2, MAREK ZMYSLONY3,4, and MARIOLA SLIWINSKA-KOWALSKA5

1 Nofer Institute of Occupational Medicine, Lodz, Poland 

Department of Occupational Diseases and Toxicology

2 Nofer Institute of Occupational Medicine, Lodz, Poland 

Department of Noise and Vibrations

3 Nofer Institute of Occupational Medicine, Lodz, Poland 

Electromagnetic Hazards Laboratory

4 The Medical University of Lodz, Lodz, Poland 

Faculty of Health Sciences

5 Nofer Institute of Occupational Medicine, Lodz, Poland 

Clinic of Audiology and Phoniatry

Abstract
Objectives: The primary aim of this work was to assess the effect of electromagnetic field (EMF) from the GSM mo
bile phone system on human brain function. The assessment was based on the assay of event related potentials (ERPs). 
Material and Methods: The study group consisted of 15 volunteers, including 7 men and 8 women. The test protocol 
comprised determination of P300 wave in each volunteer during exposure to the EMF. To eliminate possible effects of 
the applied test procedure on the final result, the test was repeated without EMF exposure. P300 latency, amplitude, and 
latency of the Nl, N2, P2 waves were analysed. Results: The statistical analysis revealed an effect of EMF on P300 ampli
tude. In the experiment with EMF exposure, lower P300 amplitudes were observed only at the time in which the volunteers 
were exposed to EMF; when the exposure was discontinued, the values of the amplitude were the same as those observed 
before EMF application. No such change was observed when the experiment was repeated with sham exposure, which may 
be considered as an indirect proof that lower P300 amplitude values were due to EMF exposure. No statistically significant 
changes were noted in the latencies of the Nl, N2, P2 waves that precede the P300 wave, nor in the latency of the P300 
itself. Conclusions: The results suggest that exposure to GSM EMF exerts some effects on CNS, including effects on long 
latency ERPs.
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INTRODUCTION

The development of wireless communication systems, and 

of mobile phone systems in particular, causes that human 

living environment is polluted by a growing number of new 

electromagnetic field (EMF) frequencies that have nev

er been present there [1]. The growing man-made EMF 

emissions, often referred to as electromagnetic smog,

result in growing EMF exposure of the general popula

tion. The gravity of the problem has been recognised by 

the European Community, which has resulted in support 

for a number of research projects, including the project in

tended to study the possible effects of EMFs from UMTS 

mobile phone systems on the CNS cognitive function. 

Research on biological effects of EMF has been de

voted primarily to two areas — assessment of thermal
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and non-thermal EMF effects. While the thermal ef

fect of EMF in the tissues, including the brain, has been 

confirmed [2,3], EMF non-thermal effects continue to 

be disputable. The latter refers also to function chang

es in EMF-exposed brain. Some authors confirm [4-6], 

while other authors deny [7-9] such changes. Up to now, 

no hypothesis capable of reliably accounting for the dis

crepancies in the results by various authors has been for

mulated.

Recording of auditory event related potentials, such as 

wave P300, is one of the method for CNS function test

ing. The test involves applying auditory stimuli according 

to the beep-boop paradigm; during the process of their 

discrimination in the CNS, those stimuli produce chang

es in neuronal functional potentials. Assessment of test 

result involves determination of wave peaks in terms of 

their amplitudes and latencies. In the few works accessi

ble in the literature that took into consideration acoustic 

stimulus-evoked P300 wave, long latency response char

acteristics were analysed before and during the EMF 

exposure without analysing post-exposure data, and thus 

without verifying the effect of the procedure itself on the 

results.

The aim of our study was to assess the effect of exposure 

to EMF generated by GSM mobile phone system on long 

latency response recordings, including P300 wave, both 

during and after the exposure.

MATERIAL And METHODs 

subjects
The study group consisted of 15 volunteers, including 7 men 

and 8 women, with normal hearing. Education level of all 

volunteers was similar. Each volunteer had been informed 

about the aim of the experiment. The Bioethical Commis

sion of the Nofer Institute of Occupational Medicine grant

ed its consent to perform the experiments.

The inclusion criteria were as follows:

— good general condition of health,

— no alcohol or drug addiction,

— no exposure to noise during the 24 hours preceding 

the experiment,

— normal tympanic membrane image,

— normal tympanogram with ipsilateral reactions from 

stapedial muscles at 500, 1000, 2000 and 4000 Hz 

frequency bands (assessed on a Madsen model Zo

diac 901 Impedance Audio Meter, Taastrup, Den

mark),

— normal hearing as assessed by pure tone audiom

etry: hearing threshold within 20 dB HL for each fre

quency within the 250-8000 Hz range (assessed on an 

Interacoustic AC40 Pure Tone Audiometer, Assens, 

Denmark),

— normal transient evoked otoacoustic emission (TE- 

OAE) with signal to noise ratio not worse than 6 dB 

at two or more 1000, 2000, 3000, 4000 and 5000 Hz 

octave bands (assessed on an Otodynamics ILO-96, 

London, United Kingdom unit for TEOAE testing).

P300 wave
P300 wave testing involved discrimination and counting of 

one of the two semi-random acoustic stimuli. The signal to 

be counted was 1500 Hz pure tone, while the spurious sig

nal was 1000 Hz pure tone. The intensity (volume) of the 

stimuli was 70 dB nHL, and the distribution was 70% of 

spurious stimuli and 30% of the counted stimuli. The rep

etition frequency was 0.9 Hz, duration 20 cycles, rise and 

decay time 5 cycles. Wave P300 was tested bilaterally. The 

response from the auditory cortex was recorded by means 

of 4 electrodes (silver cups) placed as follows: Cz on top of 

head, A1 on mastoid bone of left ear, A2 on mastoid bone 

of right ear, Fpz on the forehead (at the hair/bare skin bor

derline). The examination was performed in a darkened 

soundproof test chamber; to eliminate artefacts produced 

by eyeball movements and those produced during dazzles, 

the volunteer had been asked to fix his/her stare at a point 

located somewhere in front while remaining in horizon

tal position. The examination was started only when the 

electrode/skin resistance could be kept below 5 kfi. The 

resultant potential record was analysed and stored by the 

Nicolet Spirit 2000 system.

There were two measurement sessions for each proband, 

one with true, the other with sham EMF exposure. During 

each measurement session, P300 wave was determined three
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times (series I, II, III). The proband was informed that dur

ing one run he/she would be exposed to cellular phone EMF, 

but he/she did not know during which. The whole procedure 

was repeated without EMF exposure to eliminate possible 

effects of the procedure on the results.

During the test the proband was motionless and relaxed 

while counting suitable sounds and memorising the re

sult. The result was checked by comparing the number of 

the 1500 Hz sounds received and counted by the proband 

with the respective data generated by the computer. 

A counting error above 1% of the generated 1500 Hz stim

uli caused that the result was rejected, as it was assumed 

that the result was a function of patient’s vigilance.

Exposure to EMF
The most popular GSM 935 MHz telephones were used 

in all tests. In terms of technology, the GSM system is 

based on time division multiple access (TDMA) prin

ciple, which means that multiple users can use the same 

frequency at the same time, because each user has been 

assigned a time interval known as time gap. The GSM sys

tem enables 8 calls to be received using one frequency, 

whereby its capacity (“throughput”) is much higher than 

that of the analogue systems. Thus, an acoustical input, af

ter it has been converted into a digital signal, is modulated 

on 900 MHz carrier frequency and encoded in the form 

of chain of 217 Hz pulses, thus meeting the requirements 

of pulse modulation definition. A factory-made telephone 

with its original antenna was placed in a location typi

cal for receiving telephone calls. The mobile phone was 

fixed in a plastic holder so as to enable its displacement. 

Cellular phone connected to an external microproces

sor so as to enable phone operation without touching its 

keyboard was used to produce EMF. The EMF exposure 

was achieved by connecting the phone with the base sta

tion during the test. The tests were conducted at the same 

hours (15-18) only during week days. The call was simulat

ed by directly wiring the phone to a tape recorder playing 

a pre-recorded voice message, thus generating an acoustic 

wave which, after it had been converted to a digital form, 

was radiated as electromagnetic wave. The phone was 

completely mute and did not generate any external sound.

The connection and the call (the exposure) was monitored 

by receiving the call in another phone. The connection 

time was about 20 minutes per series. The level of expo

sure to electromagnetic fields in any of the experiments 

did not exceed the maximum admissible values speci

fied by relevant EU regulations. According to manufac

turer’s specifications, SAR for the phone used in our 

experiment was 0.81 W/kg. Determination of SAR was 

performed according to the requirements of the standards 

BS EN 50360-2001 [10] and BS EN 50361:2001 [11]. Cel

lular phone position during experiment was in line with 

the specifications of the standard.

To control the conditions of mobile phone EMF exposure, 

power flux density was measured by a MEH-25 Univer

sal EMF Meter provided with an AS-1 Probe developed 

at the Technical University of Wroclaw. This measuring 

set enables measurements of microwave power densities 

ranging from 0.01 W/m2 to 100 W/m2 within the 0.3 GHz 

to 3 GHz frequency range. Mean power density value was 

within 0.052 W/m2 during the experiment and was compa

rable for all exposed people.

Data Analysis
The following data obtained during recording of event- 

related auditory potentials were analysed: latency and 

amplitude of P300 wave and the latencies of N1, N2, P2 

waves. Due to small size of the test group, the data were 

not analysed separately for men and women.

Results of the measurements performed during measure

ment session 1 and 2 were subjected to the following tests 

and analyses:

— differences between measurements were assessed in 

various exposure conditions (before, during and af

terwards) by Friedman’s non-parametric analysis of 

variance with calculation of Kendall’s coefficient of 

concordance (separately for each of measurement 

sessions 1 and 2),

— in each measurement session 1 and 2, measurement 

results obtained in different exposure conditions (be

fore, during and after) were compared by Wilcoxon 

Matched-Pairs Ranks test for dependent samples,
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— measurement results obtained in different exposure 

conditions (before, during and after) in each meas

urement session 1 and 2 were compared by Kruskal- 

Wallis one way analysis of variance by ranks for inde

pendent samples and by the median test.

The analysis was performed by StatSoft Inc. (2004) 

STATISTICA 6.1 software.

results

Testing of long-latency auditory potentials did not reveal 

statistically significant changes in the latency of N1, N2, P2 

waves that precede the P300 wave, nor in the latency 

of the P300 wave itself during and after the exposure 

to 935 MHz EMF in relation to respective pre-exposure 

values. Also in the sham EMF exposure measurement se

ries, mean values of those waves did not differ from the 

original values, Fig. 1-4).

On the other hand, our statistical analysis showed a sta

tistically significant EMF effect on P300 amplitude.

Measurement series
|—p—| Measurement Session - with true exposure

Control Measurement Session - with sham exposure

Fig. 2. Mean values of P1 wave latency (plus standard error 
and standard deviation) before (I) during (II) and after (III) 
935 MHz EMF exposure in measurement session with true and 
sham exposure.
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|—□—| Measurement Session - with true exposure
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Fig. 1. Mean values of N1 wave latency (plus standard error 
and standard deviation) before (I) during (II) and after (III) 
935 MHz EMF exposure in measurement session with true 
and sham exposure.

Fig. 3. Mean values of N2 wave latency (plus standard error 
and standard deviation) before (I) during (II) and after (III) 
935 MHz EMF exposure in measurement session with true 
and sham exposure.
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Measurement series
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Fig. 4. Mean values of P300 wave latency (plus standard error 
and standard deviation) before (I) during (II) and after (III) 
935 MHz EMF exposure in measurement session with true 
and sham exposure.
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Measurement series
|—p—| Measurement Session - with true exposure

Control Measurement Session - with sham exposure

Fig. 5. Mean values of P300 wave amplitude (plus standard error and 
standard deviation) before (I) during (II) and after (III) 935 MHz 
EMF exposure in measurement session with true and sham 
exposure. The asterisk denotes statistically significant difference.

In the test series with true EMF exposure, P300 amplitude 

was lower during the exposure. Afterwards, the amplitude 

returned to the pre-exposure value (Fig. 5). No such effect 

was noted after the test procedure had been repeated with 

sham exposure, which indirectly suggests that the reduc

tion in P300 wave amplitude was due to EMF exposure.

discussion

The original assessments of EMF effect on cerebral cortex 

were performed using EEG. The results were ambiguous. 

Some of the studies indicated that EMF caused a reduc

tion in the voltage of slow potentials. However, a more 

detailed analysis of the results and their verification in 

further experiments did not confirm the earlier observa

tions [12-14]. Considering the limitations of the EEG 

method, in our current work we decided to use determi

nations of P300 wave to assess EMF effect on auditory 

cortex ERPs. Results of our experiments did not reveal 

any statistically significant changes in the latencies of 

the N1, N2, P2 waves that precede the P300 wave, or in the 

latency of the P300 wave itself during and after EMF expo

sure compared to respective pre-exposure values. Also in 

the measurement session with sham EMF exposure, mean 

values of those waves during and after the experiment did 

not differ from the original values. On the other hand, our 

analysis revealed a statistically significant EMF effect on 

the values of P300 wave amplitude. In the true EMF expo

sure test series, lower P300 amplitude values were noted 

throughout the exposure. After the exposure had ceased, 

the amplitude returned to its pre-exposure values. No such 

effect was noted when the experiment was repeated with 

sham exposure, which suggests indirectly that the reduc

tion in P300 amplitude was due to the EMF exposure. 

Thus, the results of our experiments indirectly confirm the 

results by other authors reporting a drop in voltage of the 

cortical responses due to cellular phone EMF exposure. 

Results of works published heretofore on the effect 

of EMF on P300 wave records are not unequivocal. The 

study by Hamblin et al. [15] involved assessment of the 

effects of EMF on CNS by analysing the characteristics 

of ERPs and reaction time during and after the exposure.
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The authors have found that EMF exposure of 12 healthy 

volunteers resulted in a drop of N100 wave amplitude and 

latency, and an increase in P300 wave amplitude. Similar 

conclusions have been reported by Maby et al. [16], who 

have demonstrated that EMF exposure results in lower 

amplitude and shorter latency of N100 wave. Both au

thors re-examined the question to verify their earlier re

sults. Hamblin et al. [17] reassessed the effects of EMF 

on ERPs and response time in a large group of 120 vol

unteers, mean age 31±13 years. Both auditory and ocu

lar ERPs appeared to be not affected by EMF, although 

there was a statistically insignificant tendency to longer re

sponse times during the exposure. The authors explain the 

evident differences in the results by small number of study 

subjects and no blind control in the earlier study. They 

conclude that ERPs ought not be connected with the ef

fects of EMF on CNS, while they may only serve to explain 

the association. EMF exposure modifies brain response in 

terms of the expected stimuli, without changing P300 wave 

latency. Our results confirm that conclusion because our 

experiments do not reveal EMF effect on the latencies of 

the individual waves.

Charalabos et al. [18] tested unilateral cephalic exposure 

to GSM EMF in 19 volunteers who discriminated between 

the 500 Hz and 3000 Hz acoustic stimuli and memorised 

the number of the 3000 Hz stimuli during EMF exposure. 

The experiment was performed twice (with and with

out EMF exposure) at a two-week interval. The P50 ERP 

component was analysed. It was demonstrated that EMF 

exposure resulted in an increase of the P50 component 

evoked by the low-frequency (500 Hz) stimulus, while 

lowering amplitude of that component was evoked by 

the high-frequency (3000 Hz) stimulus. Somewhat differ

ent experiment intended to verify EMF effect on speci

fied brain regions were performed by Eliyahu et al. [19]. 

They subjected 36 volunteers to a procedure comprising 

one unilateral (right-side) and one unilateral (left-side) 

head exposure to EMF, and one run without EMF expo

sure. During each of those three runs, the volunteers per

formed four tests that enabled examination of the regions 

being currently exposed. The experiment consisted of 

two 1h sessions with 5-min. interval between the sessions.

Response time and precision of the responses were analy

sed. It has been demonstrated that, for cases of left-side 

head EMF exposure, the time of response signalled by 

the volunteers with their left hand was considerably lon

ger. Tsiafakis et al. [20] demonstrated statistically signifi

cant differences in P300 wave during EMF exposure in 

the subgroups of women and men. They exposed a group 

of 19 volunteers (10 women and 9 men) to GSM EMF 

while the volunteers were twice subjected to the audi

tory Wechsler test (with true and sham EMF exposure) 

at two-week interval. During that test, the volunteer was 

presented two acoustic stimuli with equal intensity and 

different (500 and 3000 Hz) frequency. The experiments 

quoted above were performed at different exposures using 

different apparatus and test procedures. Kuster et al. [21] 

have attempted to specify standard conditions to be met 

by experiment intended to assess EMF effect on human 

organism. Unfortunately, their conclusions, although cor

rect, are purely theoretical. The majority of the research 

works quoted above fail to meet any of the requirements 

postulated by Kuster.

Small number of subjects is another source of criticism in 

the works confirming EMF effect on CNS activity. Rus

so et al. [22] experimented with 168 volunteers exposed 

to GSM EMF and 888-Hz continuous wave using double 

blind test. Four test types applied earlier by Koivisto [23] 

were used to test EMF effect on CNS activity. The study 

showed no effect of EMF on cognitive functions.

The idea of EMF modifying brain responses during per

forming tasks intended to determine ERPs has been 

further developed during further research. Preece [24] 

exposed 36 volunteers (whose age differed considerably, 

from 20 to 60 years) to GSM and 915 MHz analogue EMF, 

with EMF source located at the left side of the head. The 

test group comprised both right- and left-handed subjects. 

Exposure duration was 25-30 minutes and the subjects 

were subjected during that time to a series of test asso

ciated with ERPs. The only statistically significant differ

ence was the shorter reaction time observed only for the 

analogue exposure.

Please note that (like in ABR testing) in our own ex

periments, unlike in works by other authors presented
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above, P300 wave was assessed at all stages of the experi

ment, whereby our assessment of EMF was more compre

hensive. In all other works, the authors failed not only to 

record P300 wave at all stages of the experiment, i.e. be

fore, during and after the exposure, but also to verify EMF 

effect on the measuring system or the effect of the test 

procedure itself on the results.

P300 wave variability due to numerous factors causes 

that it is difficult to assess. Studies comparing P300 re

sponse characteristics in subjects of varying age show 

that its amplitude tends to be lower and its latency lon

ger with age [25]. The optimum solution would be to 

provide test groups with identical age range (SD = 0) 

which, although technically feasible, would be not practi

cal due to other specific characteristics required from the 

probands. In the discussed work, mean age in the group 

of men was 37±10 years, and in the group of women it 

was 34±5 years, which is not different than mean age of 

groups studied by other authors. Conducting research 

with test group split into gender subgroup constitutes a 

problem, which is raised in P300 wave analysis. It is gen

erally recognised that women are more sensitive in de

tecting the stimulus than men, which results in greater 

amplitude and shorter P300 latency in the records from 

female relative to male volunteers. Some authors suggest 

that this is associated with different skull characteristics. 

Head size and thickness of skull bones and the adjacent 

tissues differ depending on gender, and those differenc

es may affect test results. Gender-related differences in 

brain functioning are quoted as another possible cause of 

the differences. It has been established that cognitive pro

cesses differ between genders. Women are characterised 

by better speech recognition and fluency, coordination of 

movements. Men are superior to women in performing 

tasks associated with spatial orientation, manual precision 

or mathematical analysis. Other authors point to the pos

sible effects of hormones on the shape of P300 wave de

pending on female menstrual cycle [26]. According to this 

data, ERP results obtained in the subgroup of women may 

be considered as a confounder. Thus, it is vital that results 

for the male and female subgroups are analysed separate

ly. The participants of the experiment were 15 volunteers,

including 7 men and 8 women. Attempts to ensure that 

all women were at the same stage of the menstrual cycle 

made study design extremely complex and, therefore, that 

factor was ignored. Level of education may be another 

factor capable of affecting P300 wave record. It should be 

identical (ideal condition) or at least similar in all patients. 

Our experiment meets the latter condition.

Some authors maintain that the characteristics of the re

sultant P300 wave depend on proband motivation. The 

level of P300 wave amplitude depends on the emotional 

condition of the participants [27], which is directly reflect

ed in the magnitude of that value. In our experiment, each 

participant had been informed about the aim of the study 

and the payment to be received for the participation; thus, 

all participants were motivated in the same way. Literature 

data are also accessible suggesting that P300 wave ampli

tude is inversely proportional to the amount of incident 

daylight, i.e. to the season of the year [28]. In our study this 

factor was negligible, considering that the day/night hours 

ratio at our latitude is relatively small.

Latency of P300 wave is a function of the difficulty in dis

criminating between the rarely appearing stimulus and the 

background stimulus. The more difficult the process of 

discrimination, the longer P300 wave latency. This factor 

was also of no consequence in our study, because the same 

stimulus was used in all trials.

Extremely essential is also the interval between consecu

tive P300 wave determinations. Experiments intended 

to determine the effects of repeated P300 wave record

ing (wave’s parameters, and its amplitude in particular) 

at 7-10 days (or its multiple) interval [29,30] showed a de

crease in P300 amplitude already after the second attempt 

to repeat the recording within 2-4 weeks. The maximum 

drop was observed during the fourth week of the experi

ment, and the amplitude returned to its original value dur

ing ca. 5th week of the experiment. Karniski and Blair [31] 

proved stability of P300 wave records both in trials re

peated at short (15-min) intervals and after 1-2 months. 

Considering the reports quoted above and the results of 

the verification of the effects of the applied procedure 

with sham EMF exposure, the subsequent studies were 

scheduled at two time intervals, either maximum 2-week,
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or after the period of amplitude drop. This was intended 

to reduce the chances of receiving two false positive re

sults that were not associated with the objectives of our 

research.

As there are no generally accepted standards for the char

acteristics of the P300 wave or other endogenous waves, 

the individual laboratories must develop the standards on 

their own, and this was the case in our instance. Bearing in 

mind the conclusions by Krause et al. who, after they had 

compared results of two separate but similar experiments, 

suggested that the resultant differences were due to a re

markable variability in EEG record of each proband of the 

test group, in our current work each proband was a control 

for himself/herself, both in the measuring session with true 

and sham exposure.

Recent studies did not solve this problem either. They 

failed to show mobile phone EMF effect on any aspect 

of ERP recording. It should be noted, however, that the 

authors of the relevant reports stress that the sensitivity 

of their tests is too low in relation to the minute changes 

resulting from mobile phone EMF exposures [32,33].

CONCLUSIONS

From our experiments we may conclude that exposure 

to EMF generated by GSM mobile phones affects CNS, 

including its auditory event related potentials (ERPs). 

This conclusion is confirmed by results of other authors. 

Further research is required to explain the physiological 

significance of the observed effects; this may be difficult, 

because the studied potential is generated by several (pos

sibly more than ten) brain structures, while the function of 

those structures represents a result of neuronal interaction 

that modifies their electric input rather than the process of 

pure neuronal conduction.
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Abstract
Purpose: Environmental electromagnetic fields originate from 
man-made sources, such as mobile phones and base stations, 
and have led to increasing public concern about their possible 
adverse health effects. We aimed to investigate the possible 
effects of radiofrequency radiation (RFR) generated from these 
devices on oversensitive animals, such as pregnant rabbits.

of radiofrequency radiation (RFR). Public concerns have 
increased about the effect of RFR exposure on hypersensi
tive individuals, such as pregnant women. Although two of 
the most influential guidelines, the International Commis
sion on Non-Ionizing Radiation Protection (ICNIRP) and the 
Institute of Electrical and Electronics Engineers (IEEE), limit 
the maximum levels of RFR exposure to the general public 

Materials and methods: In the present study, the effects of whole and workers, pregnant women and their babies are not taken
body 1800 MHz Global System for Mobile Communications into account in any of the guidelines (Guler et al. 2010).
(GSM)-like RFR exposure for 15 min/day for seven days on blood According to relevant studies, the biological responses 
chemistry and lipid peroxidation levels in both non-pregnant induced by radio frequency (RF) exposure may be explained
and pregnant New Zealand White rabbits were investigated. by two distinct interaction mechanisms (thermal and non-
Thirteen-month-old rabbits were studied in the following four thermal mechanisms) (Challis 2005). RF fields may transfer
groups: Non-pregnant control, non-pregnant RFR-exposed, their energy to biological matter, leading to an increase in
pregnant control and pregnant RFR-exposed. average temperature through the vibration of atoms and mol-
Results: Lipid peroxidation, namely malondialdehyde (MDA) ecules(PolkandPostow1996).Mostphysiologicalresponses 
levels, did not change after RFR exposure. However, blood ofliving organisms arise from both localized and whole-body 
chemistry parameters, such as cholesterol (CHO), total protein 
(TP), albumin (ALB), uric acid, creatinin and creatine kinase 
(CK) and creatine kinase-myocardial band isoenzyme (CK-MB) 
changed due to both pregnancy and RFR exposure.
Conclusion:Ourinvestigations have been shown that no indication 
for oxidative stress was detected in the blood of pregnant rabbits 
upon RF exposure at specific conditions employed in the present 
study. Minor changes in some blood chemistry parameters were 
detected but CK-MB and CK increases were found remarkable.
Studies on RFR exposure during pregnancy will help establish 
international standards for the protection of pregnant women 
from environmental RFR.

Keywords: Radiofrequency radiation, pregnant exposure, lipid 
peroxidation, blood chemistry

Introduction

Electromagnetic pollution is one of the main environmental 
health issues caused by man-made sources, such as devices 
for wireless communication. Base stations used for com
munication through mobile phones are important sources

average temperature changes based on the carrier frequency 
of RFR. In addition to changes in maternal colonic tempera
ture, fetal body weight is used as an indicator to determine 
the threshold of fetal effects induced by RFR or microwave 
exposure (Berman et al. 1992).

It has been suggested that there is a biochemical interac
tion mechanism of RFR with biological matter that is based 
on the responses caused by activating secondary chemical 
messengers, such as ions, radicals or molecules (Belyaev 
2005). Malondialdehyde (MDA) is a decomposition product 
of oxidized lipids and is used as an index of plasma and tis
sue lipid peroxidation. Lipid hydroperoxides may decom
pose to form aldehydes, such as MDA and 4-Hydroxynon- 
enal (4-HNE). MDA is the breakdown product of the major 
chain reactions that lead to the oxidation of polyunsaturated 
fatty acids and thus, serves as a reliable marker of oxidative 
stress-mediated lipid peroxidation (LPO) (Ozguner et al. 
2005).

It is important to maintain a woman's general health dur
ing pregnancy to have healthy offspring. However, vulner
able individuals, such as pregnant women, children and the

Correspondence: Dr Elcin Ozgur, Gazi Universitesi Tip Fakultesi Biyofizik AbD, Dekanlik Binasi 5. Kat 06500, Besevler, Ankara, Turkey. E-mail: elcin.ozgur@ 
gmail.com
(Received 14April2011; revised 16 January 2012; accepted23 January 2012)
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elderly, are exposed to the same degree of environmental 
RFR as the general population. During pregnancy, RF fields 
may interact with the embryo/fetus, resulting in develop
mental abnormalities and may cause fetal death or muta
tions (Heynick and Merritt 2003).

To achieve a successful pregnancy, it is necessary to sus
tain embryonic and fetal growth within a protective environ
ment, acquire and transport nutrient and energy stores, and 
guard against the hazard of blood loss during labor. Maternal 
physiology must adapt to fulfill these tasks (Lockitch 1997). 
Laboratory tests are routinely offered to pregnant women to 
screen for common problems and usually have guidelines 
that describe appropriate follow-up. As maternal and perina
tal mortality have decreased in many countries, the focus of 
perinatal medicine has expanded to improving critical quality 
indicators for maternal and fetal health (Sherwin et al. 2006).

The aim of the present study was to evaluate the possible 
biological effects of whole body 1800 MHz Global System for 
Mobile Communications (GSM)-like RFR exposure on blood 
chemistry and lipid peroxidation levels in both non-pregnant 
and pregnant New Zealand White rabbits. The levels of the 
following clinically important blood biochemistry parame
ters were analyzed; serum glucose (GLU), cholesterol (CHO), 
total protein (TP), albumin (ALB), uric acid, creatine kinase 
(CK), creatine kinase-myocardial band isoenzyme (CK-MB), 
gamma-glutamyl transpeptidase (GGT), glutamate oxaloac- 
etate transaminase (GOT), glutamic-pyruvic transaminase 
(GPT), blood urine nitrogen (BUN) and creatinin and MDA 
levels as a marker for oxidative stress based on free radical 
attacks.

Materials and methods

The RFR exposure system and exposure levels
GSM-like signals at a frequency of 1800 MHz were formed by 
a signal generator (Agilent Technologies 8648C, 9 kHz-3.2 
GHz, Santa Clara, CA, USA) with an integrated pulse modu
lation unit and horn antenna (Schwarzbeck, Doppelsteg Bre- 
itband Horn antenna BBHA 9120 L3F, 0.5-2.8 GHz, Schonau, 
Germany) in a shielded room. The generated power was

controlled by a spectrum analyzer (Agilent Technologies 
N9320A, 9 kHz-3 GHz, Santa Clara, CA, USA) integrated with 
the signal generator. The signals were amplitude-modulated 
by rectangular pulses with a repetition frequency of 217 Hz 
and a duty cycle of 1:8 (pulse width 0.576 ms), corresponding 
to the dominant modulation component of the GSM.

The RFR generator provided 20 dBm (0.1 W) power dur
ing the exposure period. The signal was controlled by means 
of the spectrum analyzer connected to the signal generator, 
and an electromagnetic radiation meter (EMR 300 meter 
with type 26.1 probe, NARDA Safety Test Solutions, Pfullin- 
gen, Germany) was used for the measurement of the out
put radiation. Measurements were taken during the entire 
experiment, and the data were saved onto the computer that 
was connected to the device via fiber optic cables. Whole 
body RFR exposure levels of the rabbits were measured as 
0.052 mW/cm2 (Figure 1). New Zealand White rabbits were 
obtained from the Laboratory Animals Breeding and Experi
mental Research Center of Gazi University (13-month-old 
non-pregnant and pregnant rabbits; n = 36). The experimen
tal protocol was reviewed and approved by the Laboratory 
Animal Care Committee of Gazi University (G.U.ET-06.027). 
Rabbits were housed under the same conditions in a tem
perature- and humidity-controlled room (20 ± 1°C, 50 ± 10% 
relative humidity) and 12/12 h light/dark cycle conditions. 
Except during exposure periods, tap water and standard 
rabbit chow were provided ad libitum. Coeval pregnant and 
non-pregnant rabbits were adapted to the laboratory con
ditions for five days before the experiment. Routine health 
controls were conducted by the veterinarians to verify that 
rabbits used were healthy at all stages of the experiment. The 
aim of these controls was to check the health condition of the 
adult female rabbits. The condition of the gestation and any 
malformation or prenatal death of the offspring was observed 
during the experiment.

Because previous pregnancies led to larger litter sizes, 
female rabbits were selected that would be pregnant for a 
fourth time in the breeding process. Additionally, the moth
ers were then experienced in feeding and looking after their 
babies. During the mating process, the male ratio was kept

RF
Generator

Amplifier

Figure 1. GSM-like radiofrequency exposure system. (Dimensions of the plastic exposure cage = 40 X 25 X 25 cm: length X height X width).
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constant at one male to 10 female rabbits. Pregnancies were 
examined by abdominal palpation 10 days after mating and 
verified by ultrasound. Pregnant and non-pregnant rabbits 
were exposed to RFR under the same conditions for seven 
days after the adaptation period. The pregnant rabbits were 
exposed to 1800 MHz GSM-like RFR for 15 min everyday 
from the 15th-22nd day of gestation, which corresponds to 
the developmental period of the embryo and the transition 
from embryogenesis to organogenesis. Reference levels for 
RFR, namely the maximum level of whole body exposure 
established by ICNIRP for 1800 MHz RFR, are 127.3 V/m for 
workers and 58.3 V/m for the general public. While the cur
rent safety standards are based on the thermal effects of RFR 
in acute exposure, individuals are chronically exposed to 
these fields at non-thermal levels. However, there is still no 
international safety limit specifically for pregnant women. 
The safety limit for pregnant women should be set below 
the limits for the general public or workers to protect preg
nant women exposed during gestation and fetuses exposed 
intrauterinely to RFR. ttus, we set the exposure levels in this 
study below the standard levels. After exposure, the rabbits 
were left without any intervention until the end of the 30-day 
gestation period. Only one animal was placed in each cage 
during each RFR exposure period because placing more 
than one animal in a cage would create a stress factor.

Experimental design
Non-pregnant and pregnant New Zealand White rabbits 
were randomly divided into four groups. Animals were kept 
in Plexiglass cages because Plexiglass is a non-conductive 
material that is not affected by RFR.

(i) Non-pregnant RFR (—): Each non-pregnant rabbit in 
the sham-exposed group was kept in the experimental 
set-up for 15 min/day for seven days with the device 
switched off.

(ii) Non-pregnant RFR (+): Non-pregnant rabbits in the 
RFR-exposed group were individually exposed to 1800 
MHz GSM-like RFR for 15 min/day for seven days.

(iii) Pregnant RFR (— ): Pregnant rabbits were kept in the 
experimental set-up for 15 min/day for seven days with 
the device switched off.

(iv) Pregnant RFR (+): Pregnant rabbits in the RFR-exposed 
group were individually exposed to 1800 MHz GSM-like 
RFR for 15 min/day for seven days.

Biochemical analysis
tte day after delivery, blood samples were collected by 
cardiac puncture from animals into no-additive tubes. 
The following biochemical parameters were analyzed by 
a clinical biochemistry analyzer (Carlo Erba, Meinheim, 
Germany): serum glucose (GLU), cholesterol (CHO), total 
protein (TP), albumin (ALB), uric acid, creatine kinase (CK), 
creatin kinase-MB (CK-MB), gamma-glutamyl transpepti
dase (GGT), glutamate oxaloacetate transaminase (GOT), 
glutamic-pyruvic transaminase (GPT), blood urine nitrogen 
(BUN) and creatinin. MDA levels, as an index of lipid per
oxidation, were determined by a thiobarbituric acid (TBA) 
reaction according to Yoshioka et al. (1979).

Data analysis
Data analysis was carried out using the SPSS 15 statistical 
package (SPSS, Chicago, IL, USA). Data were analyzed using 
a two-way Analysis of Variance (ANOVA). tte results were 
expressed as the mean ± SEM (Standard Error of Mean).

Results

tte results are shown in Table I. Concentrations of GLU, uric 
acid, GGT, GOT and GPT levels did not change in any group 
(p > 0.05). Although the MDA level of the Pregnant RFR (+) 
group was higher than the other groups, this difference was 
not statistically significant (p > 0.05).

CHO levels in the Pregnant RFR (+) group were signifi
cantly higher than in the other groups (p <0.05). However, 
ALB levels in the Non-pregnant RFR (+ ) group were higher 
with respect to the other groups (p >0.05). Urea levels in 
Non-pregnant RFR (—) rabbits were lower than in the other 
groups (p >0.05).

tte results showed that RFR exposure affected TP levels. 
TP levels in Non-pregnant RFR (+) rabbits were significantly 
higher than in the other groups (p < 0.05).

We found that both pregnancy and RFR exposure had a 
significant impact on creatinin levels. ttere was a significant 
increase in creatinin levels in RFR-exposed groups and preg
nant groups compared to non-exposed and non-pregnant 
groups, respectively. In other words, creatinin levels in the 
Non-pregnant RFR (—) group were lower than in the other 
groups.

Notably, CK levels were affected by pregnancy but not by 
RFR exposure. However, a significantly larger increase in the 
CK-MB level was observed in the Pregnant RFR (+ ) group 
compared to the other groups (p < 0.05).

Discussion

RFR exposure increases maternal rectal temperature during 
pregnancy, leading to anatomic and physiological changes in 
offspring. For instance, in the studies of Berman et al. (1981, 
1982), female Sprague-Dawley rats were exposed to 2,450 
MHz Continuous Wave (CW) microwave radiation at incident 
power densities of 28 mW/cm2 and 40 mW/cm2 for 100 min 
every day from the 6th to 15th day of gestation. These authors 
reported that average colonic temperatures increased at both 
levels of exposure, but the mean fetal body weight was reduced 
after exposure to higher levels of power density, 40 mW/cm2 
(Berman and Carter 1984, Berman et al. 1981, 1982). Although 
we investigated the exposure levels of RFR in the non-thermal 
region, which are daily environmental doses, we aimed to 
observe rectal temperature changes in pregnant rabbits to 
determine the possible intrauterine effects of RFR at the plan
ning stage of the experiment. However, rabbits are very sensi
tive animals, especially when they are pregnant. They have a 
tendency to miscarry when they are under stress. According to 
veterinary surgeons' recommendations, measuring rectal tem
perature causes stress and may result in miscarriage. It could 
be difficult to interpret results if we experienced a miscarriage 
during pregnancy. It has been shown that microwave radia
tion causes changes in cell cycle and growth rates, enzymatic
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Table I. Effects of whole body 1800 MHz GSM-like RFR exposure on serum glucose (GLU), cholesterol (CHO), total protein (TP), albumin (ALB), uric 
acid, creatine kinase (CK), creatine kinase-myocardial band isoenzyme (CK-MB), gamma-glutamyl transpeptidase (GGT), glutamate oxaloacetate 
transaminase (GOT), glutamic-pyruvic transaminase (GPT), blood urine nitrogen (BUN) and creatinin and malondialdehyde (MDA) levels in both 
non-pregnant and pregnant New Zealand White rabbits.

Independent factors Statistical significance
Dependent factor Pregnancy RFR N Mean + SEM Minimum Maximum (General linear models)

Cholesterol (CHO), mg/dl Non-pregnant RFR (— 9 106.4 + 4.4 90 132 Groups F 0.107 P >0.05
RFR (+' 9 99.1 + 4 85 121 RFR F 0.339 P >0.05

Pregnant RFR (— 9 98.1 + 3.6 88 117 Groups-RFR F 6.030 P< 0.05
RFR (+ ) 9 110 + 3.7 98 134 R2 = 0.168

Creatinin mg/dl Non-pregnant RFR (— 9 1.1 + 0.1 0.9 1.2 Groups F 10.411 P < 0.01
RFR (+ ) 9 1.4 + 0.1 0.9 1.7 RFR F 5.045 P < 0.05

Pregnant RFR (— 8 1.4 + 0.1 1.1 1.9 Groups-RFR F 4.267 P < 0.05
RFR (+ ) 9 1.4 + 0.1 1.2 1.7 R2 = 0.393

Urea mg/dl Non-pregnant RFR (— 9 42.5 + 1.8 31.6 51 Groups F 3.003 P> 0.05
RFR (+ ) 9 51.2 + 2.1 39.3 62.5 RFR F 3.972 P> 0.05

Pregnant RFR (— 9 50.7 + 2.1 42.7 58.6 Groups-RFR F 4.747 P < 0.05
RFR (+ ) 9 50.3 + 2.4 41.5 61.2 R2 = 0.268

Uric acid mg/dl Non-pregnant RFR (— 9 0.8 + 0.1 0.5 1.3 Groups F 0.354 P > 0.05
RFR (+ ) 9 0.8 + 0.1 0.4 1.2 RFR F 0.010 P > 0.05

Pregnant RFR (— 9 0.9 + 0.1 0.2 1.4 Groups-RFR F 0.010 P > 0.05
RFR (+ ) 9 0.9 + 0.1 0.4 1.5 R2 = 0.012

Creatine kinase (CK), IU/l Non-pregnant RFR (— 9 1304 + 151 808 2075 Groups F 4.744 P < 0.05
RFR (+ ) 9 1404 + 305 345 3083 RFR F 3.770 P> 0.05

Pregnant RFR (-' 9 1468 + 215 491 2305 Groups-RFR F 2.461 P> 0.05
RFR (+ ) 9 2417 + 360 1123 4614 R2 = 0.255

Creatine kinase-myocardial Non-pregnant RFR (- ) 8 582 + 86 295 1040 Groups F 3.606 P > 0.05
band isoenzyme RFR (+ ) 7 564 + 159 179 1374 RFR F 4.588 P < 0.05

(CK-MB), IU/l Pregnant RFR (- ) 8 518 + 120 180 1150 Groups-RFR F 5.007 P < 0.05
RFR (+ ) 9 1342 + 278 218 2333 R2 = 0.339

Gamma-glutamyl Non-pregnant RFR (- ) 9 4 + 0.4 2 6 Groups F 4.845 P < 0.05
transpeptidase (GGT), RFR (+ ) 9 4.1 + 0.2 3 5 RFR F 6.282 P < 0.05
IU/l Pregnant RFR (- ) 8 9.3 + 2.2 3 22 Groups-RFR F 6.803 P < 0.05

RFR (+ ) 9 3.7 + 0.7 1 7 R2 = 0.353
Gamma oxaloacetate Non-pregnant RFR (- ) 9 19.8 + 2.2 13.5 33.1 Groups F 0.510 P> 0.05

transaminase (GOT), IU/l RFR (+ ) 9 27.9 + 5.5 7.1 59.1 RFR F 2.871 P> 0.05
Pregnant RFR (- ) 8 20 + 1.6 14.4 27.4 Groups-RFR F 0.579 P> 0.05

RFR (+ ) 9 23 + 1.9 18.5 37 R2 = 0.114
Glutamic-pyruvic Non-pregnant RFR (- ) 9 52.7 + 3.6 33.1 74.7 Groups F 0.105 P> 0.05

transaminase (GPT), IU/l RFR (+ ) 9 56.4 + 7.2 8.9 88.6 RFR F 0.108 P> 0.05
Pregnant RFR (- ) 8 56.4 + 7 26.5 87.5 Groups-RFR F 1.024 P> 0.05

RFR (+ ) 9 49.3 + 1.3 44.8 55.2 R2 = 0.039
Albumin (ALB), g/dl Non-pregnant RFR (- ) 9 3.6 + 0.1 3.4 3.8 Groups F 4.005 P> 0.05

RFR (+ ) 8 3.9 + 0.1 3.7 4.1 RFR F 3.422 P> 0.05
Pregnant RFR (- ) 7 3.7 + 0.1 3.5 3.9 Groups-RFR F 8.412 P < 0.05

RFR (+ ) 8 3.6 + 0.1 3.5 3.9 R2 = 0.366
Total protein (TP), g/dl Non-pregnant RFR (- ) 9 5.6 + 0.1 5.1 6.1 Groups F 0.565 P> 0.05

RFR (+ ) 8 6.8 + 0.2 6.1 7.5 RFR F 5.153 P < 0.05
Pregnant RFR (- ) 7 6.3 + 0.2 5.4 7.2 Groups-RFR F 27.187 P< 0.001

RFR (+ ) 9 5.8 + 0.1 5.3 6.4 R2 = 0.538
Glucose (GLU), mg/dl Non-pregnant RFR (- ) 9 272 + 19 192 370 Groups F 2.204 P> 0.05

RFR (+ ) 8 299 + 20 213 383 RFR F 2.182 P> 0.05
Pregnant RFR (- ) 7 299 + 19 236 389 Groups-RFR F 0.108 P> 0.05

RFR (+ ) 9 341 + 30 127 434 R2 = 0.146
Malondialdehyde Non-pregnant RFR (- ) 9 1.3 + 0.4 0.1 3.5 Groups F 0.577 P> 0.05

RFR (+ ) 9 1.6 + 0.1 1.1 1.8 RFR F 1.276 P> 0.05
(MDA), nmol/ml Pregnant RFR (- ) 9 1.5 + 0.3 0.2 2.7 Groups-RFR F 0.042 P> 0.05

RFR (+ ) 9 2 + 0.5 0.8 4.7 R2 = 0.056

Groups: Pregnancy group, Independent factor (e.g., Fixed Factor) in the Univariate GLM.
RFR: Radiofrequency radiation group, Independent factor (e.g., Fixed Factor) in the Univariate GLM. 
Groups-RFR: Interaction between Groups and RFR factors.
F: F statistic for the degree main effect.
P: P-value (The observed significance level).
R2: Coefficient of determination.

activities, the structure of the cell membrane and cellular 
transformation. It has also been shown that EMF affects the 
receptors on the cell surface (Cleary et al. 1996).

RFR absorption in tissues is directly related to the dielec
tric properties and the conductivity of organs. In addition

to the brain, organs that contain large amounts of water, 
such as the liver, lung and kidney, have greater conductiv
ity than organs that contain less water, such as bone and 
adipose tissue. For instance, liver conductivity (0.98 S/m) 
is nearly 20 times higher than the conductivity of bone
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(0.05 S/m) at 1-GHz frequency (Foster and Schwan 1996). 
There is ample evidence that RFR can cause biological changes 
in tissues that have high electrical conductivity. Because of the 
increased water uptake, whole body electrical conductivity 
increases during pregnancy. It makes pregnant women more 
sensitive to RFR (Guler et al. 2010; Tomruk et al. 2010).

Recent studies conducted on oxidative stress induced 
by RFR emitted from mobile phones revealed that it may be 
caused by an increase in the release of free radicals. Induced 
lipid peroxidation by RF exposure has been reported in vari
ous organs (Ilhan et al. 2004, Oktem et al. 2005, Meral et al. 
2007, Kismali et al. 2009, Ozgur et al. 2010). In our previous 
studies, we reported that whole-body 1800 MHz GSM-like 
RFR exposure for 15 min/day for a week may affect lipid per
oxidation by increasing MDA levels in the brain and in liver 
tissue homogenate in non-pregnant and pregnant rabbits 
(Guler et al. 2010, Tomruk et al. 2010). However, Irmak et al. 
(2002) reported that mobile phone radiation did not change 
MDA levels in rabbits (30 min/day, 7 days) (Irmak et al. 
2002). In the present study, although the differences were not 
statistically significant, the MDA level in the Pregnant RFR 
(+) group was higher than in the other groups. RF exposure 
is associated with increased oxidative stress as evidenced by 
marked lipid peroxidation. Cell membranes are primarily 
composed of polyunsaturated fatty acids, which are particu
larly susceptible to attack by free radicals. Free radicals attack 
membrane lipids, leading to increased permeability and 
altered fluidity of the membrane. This perturbation in the 
structural and functional integrity of the membrane could 
result in the release of some cytosolic compounds, such as 
CK and CK-MB isoenzymes, into the circulation.

Creatine kinase (ATP: creatine phosphotransferase, EC 
2.7.3.2) is a three-isoenzyme cytoplasmic system determined 
as the forms creatine kinase-myocardial band isoenzyme 
(CK-MB), creatine kinase from human skeletal muscle isoen
zyme (CK-MM), creatine kinase from human brain isoenzyme 
(CK-BB). The myocardial band (MB)-isoform of the CK enzyme 
is mainly expressed in heart tissue. However, skeletal muscles, 
placenta and some neoplastic tissue also show minimal activ
ity of this isoenzyme. In the present study, a significant increase 
in CK and CK-MB levels in the Pregnant RFR (+) group showed 
an interaction between pregnancy and RF. A few studies have 
determined the amount of CK-MB isoenzyme in the uterine 
muscles or placenta. According to these reports, the uterus 
has a total CK concentration of 9-38 U/g, with 2-20% as the 
MB fraction (Tsung 1981). Myometrial CK has been reported 
to increase during pregnancy (Tacconi et al. 1981). Some of 
these studies showed an increase in total CK after labor, but 
only a few reported an increase in the MB fraction (Liras et al. 
1988). In our study, it seems that the disruption of placental cell 
membranes due to RF exposure releases CK from the cellular 
cytosol into the systemic circulation. RFR absorption in tissues 
is related to the conductivity of organs or tissues. Organs, such 
as the placenta or the uterus, which contain large amounts of 
water, have high conductivity. The importance of this study lies 
primarily in demonstrating the RFR effects on placental tissues 
and the uterus, which are important organs during pregnancy. 
Furthermore, normal labor and delivery causes an increase of 
these enzymes in the serum.

Urea and creatinin levels help to assess function of kid
neys (Guler et al. 2007). These renal function parameters 
were affected both by pregnancy and RF exposure in the 
present study. The increase of urea and creatinin levels may 
be due to decreased glomerular filtration rate.

A high uric acid level in pregnancy is a cause for concern 
for both the mother and the fetus (Laughon et al. 2011). 
Guler et al. (2007) reported that uric acid levels increased 
from 5.61 ± 0.569 mg/dl to 9.49 ± 2.674 mg/dl after 1.8 kV/m 
exposure in guinea pigs, but this increase was not statisti
cally significant. It was also observed that the levels linearly 
increased by the application of an increasing magnitude of 
the electromagnetic field (Guler et al. 2007). In this investiga
tion, no differences in uric acid levels were seen between the 
groups. However, a slight increase was observed in pregnant 
rabbits. The present result correlates to previous studies. We 
conclude that pregnancy has an effect on uric acid level but 
not a crucial one. RF exposure during pregnancy does not 
have an influence on uric acid level.

Cholesterol levels tend to steadily rise as pregnancy pro
gresses and are necessary for the growth and development of 
the nervous system of the fetus (Lockitch 1997). Vangelova 
et al. (2006) assessed the long-term effects of radiofrequency 
electromagnetic radiation (EMR) on the cardiovascular sys
tem and reported that systolic and diastolic blood pressure, 
total cholesterol and low-density lipoprotein cholesterol 
were significantly higher in broadcasting station and televi
sion station operators (Vangelova et al. 2006). In the present 
study, we saw a considerable increase in cholesterol levels 
in the Pregnant RFR (+) group. However, no statistical dif
ferences were found between pregnant and non-pregnant 
rabbits. Eventually, RF exposure and pregnancy caused high 
cholesterol levels, but short-term RF exposure alone was not 
sufficient in non-pregnant rabbits.

There was no significant change in the albumin levels 
among pregnant and non-pregnant rabbits. Furthermore, 
pregnancy and RF exposure did not have an impact on albu
min levels. Guinea pigs exposed to 50-Hz electric fields with 
different directions and strengths have very little potency to 
increase albumin levels, as reported by Guler et al. (2007). We 
found high albumin levels detected in RF-exposed non-preg
nant rabbits. Additionally, total protein levels were estimated 
to be higher than in the Non-pregnant RF (—) group. There 
is statistical importance of RF exposure on non-pregnant and 
pregnant rabbits; however, pregnancy did not affect the total 
protein level. Albumin levels may be elevated in glucocorticoid 
excess, which can result from taking medications with corti
sone, the adrenal gland overproducing cortisol, or a tumor 
that produces extra cortisol-like compounds. As a result, the 
increase in the albumin levels may be due to stress.

Electromagnetic pollution is not only responsible for 
interference between electrical devices, it is also effects 
the human body. Several scientists have hypothesized that 
electromagnetic pollution may be one of the greatest health 
risks of the 21st century. The living organism reacts to the 
electrical, magnetic and electromagnetic fields around it. 
The biological effects depend on the type, frequency and 
strength of these fields. The dramatic increase in the use of 
cellular phones has led to a very evident increase in this type



D
ow

nl
oa

de
d 

by
 [U

ni
ve

rs
ity

 o
f C

al
ifo

rn
ia

, B
er

ke
le

y]
 at

 16
:1

2 1
4 D

ec
em

be
r 2

01
5

Effects of GSM signals on blood chemistry during pregnancy 419

of stress. Although exposure to electromagnetic pollution is 
almost inevitable in today's society, several sources of mobile 
communication result in chronic exposure to non-thermal 
levels of microwaves. Considering our current knowledge, 
there is enough evidence for the serious adverse effects of 
this technology to human health.

Conclusion

Our results suggested that no indication for oxidative stress 
was detected in the blood of pregnant rabbits upon RFR 
exposure at specific conditions employed in the present 
study. Minor changes in some clinically important blood 
chemistry parameters such as albumin, cholesterol, uric 
acid, urea and creatinin needed to achieve a successful preg
nancy and maternal health, were detected; nevertheless, 
creatine kinase-MB and creatine kinase increment due to RF 
exposure in pregnant rabbits were found remarkable.

Consequently, to our knowledge, research on mobile 
phone-like radiation on blood chemistry and MDA levels as 
oxidative stress markers in pregnant animals has not been 
published. With this perspective, our results may constitute 
a reference for the impact of electromagnetic pollution on 
future pregnancy research. Moreover, it would be beneficial 
to increase the number of these studies to establish interna
tional standards for the protection of pregnant women under 
electromagnetic field exposure.
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A&E 1

PREAMBLE

This Policy is a contract of insurance between you and us. Your Policy contains all the details of the cover that we provide, subject always to our 
receipt of the Premium. This Policy consists of and must be read together with the Declarations and any Endorsements. This Policy is not complete 
unless it is signed and a Declarations page is attached.

The Sections of this policy are identified by BLUE LINES across the page with WHITE UPPER CASE PRINT. Clause headings in blue UPPER CASE 
PRINT are for information only and do not form part of the cover given by this Policy. Other terms in bold lower case print are defined terms and 
have a special meaning as set forth in the DEFINITIONS section and elsewhere. Words stated in the singular shall include the plural and vice versa. 
However, this protocol does not apply to the STATUTORY CONDITIONS and subsequent Sections.

IMPORTANT: INSURING CLAUSES 1 and 2 provide cover on a claims made basis. Under these INSURING CLAUSES a claim must be first made 
against the company named as the Insured in the Declarations or any subsidiary during the period of the policy and notified to us during the period of 
the policy to be covered.

In consideration of the Premium and in reliance upon the information that you have provided to us prior to commencement of this insurance and 
which is deemed to form the basis of this insurance:

INSURING CLAUSES
INSURING CLAUSE 1: ERRORS & OMISSIONS 
SECTION A: PROFESSIONAL LIABILITY
We agree to pay on your behalf all sums which you become legally obliged 
to pay (including liability for claimants’ costs and expenses) as a result of 
any claim first made against the company named as the Insured in the 
Declarations or any subsidiary and notified to us during the period of the 
policy arising out of any:
a) negligent act, error or omission, negligent misstatement or negligent 

misrepresentation;
b) breach of any contractual term implied by law concerning necessary 

quality, safety or fitness, or your duty to use reasonable care and 
skill;

c) breach of warranty of authority, breach of duty, breach of trust, 
breach of confidence, misuse of information or breach of privacy;

d) libel, slander or defamation;
e) dishonesty of your directors, partners, officers or employees 

provided that we maintain all rights of subrogation to recover such 
legal costs and expenses from any director, partner, officer or 
employee if they are found guilty of such a dishonest act; or

f) other act, error or omission giving rise to civil liability to yourclients 
but not any breach of contract save as specified above;

committed by you or on your behalf in the course of your business 
activities. We will also pay costs and expenses on your behalf.

SECTION B: BREACH OF CONTRACT
We agree to pay on your behalf all sums which you become legally obliged 
to pay (including liability for claimants’ costs and expenses) as a result of 
any claim by a client first made against the company named as the Insured 
in the Declarations or any subsidiary and notified to us during the period 
of the policy arising out of any breach of client contract. We will also pay 
costs and expenses on your behalf.

SECTION C: INTELLECTUAL PROPERTY RIGHTS 
INFRINGEMENT
We agree to pay on your behalf all sums which you become legally obliged
to pay (including liability for claimants’ costs and expenses) as a result of
any claim first made against the company named as the Insured in the 
Declarations or any subsidiary and notified to us during the period of the 
policy arising out of your infringement of any intellectual property right 
in the course of your business activities. We will also pay costs and 
expenses on your behalf.

SECTION D: POLLUTION LIABILITY
We agree to pay on your behalf all sums which you become legally obliged
to pay (including liability for claimants’ costs and expenses) as a result of 
any claim first made against the company named as the Insured in the 
Declarations or any subsidiary and notified to us during the period of the 
policy arising out of:
a) pollution or contamination of the atmosphere, or of any water, land, 

buildings or other property;

b) any enforcement action in connection with the containment, clean
up, removal or treatment of such pollution or contamination.

We will also pay costs and expenses on your behalf.

SECTION E: LOSS OF DOCUMENTS
We agree to pay on your behalf all sums which you become legally obliged
to pay (including liability for claimants’ costs and expenses) as a result of 
any claim first made against the company named as the Insured in the 
Declarations or any subsidiary and notified to us during the period of the 
policy arising out of destruction of, damage to, loss or mislaying of your 
documents or documents in your care, custody or control. We will also 
pay costs and expenses on your behalf.

SECTION F: COMPUTER VIRUS AND HACKING 
ATTACK
We agree to pay on your behalf all sums which you become legally obliged
to pay (including liability for claimants’ costs and expenses) as a result of 
any claim first made against the company named as the Insured in the 
Declarations or any subsidiary and notified to us during the period of the 
policy as a direct result of:
a) any third parties’ financial losses arising directly from a hacking attack 

or virus that has emanated from or passed through your computer
systems, or

b) any third parties’ financial losses arising directly from their inability 
to access your computer systems in the way in which you have 
authorised them to as a direct result of your computer systems’ 
failure or impairment due to a hacking attack or virus, or

c) any third parties’ financial losses arising directly from the loss or theft 
of your data or data for which you are responsible or held to be 
responsible arising directly from a hacking attack or virus.

We will also pay costs and expenses on your behalf.

SECTION G: LOSS MITIGATION
Wfe agree to pay any reasonable costs necessarily incurred by you with 
our prior written consent in respect of measures taken by you for the 
sole purpose of avoiding or mitigating a claim or potential claim for which 
you would be entitled to indemnity under INSURING CLAUSE 1 of this 
Policy had such measures not been taken.

SECTION H: PAYMENT OF WITHHELD FEES
We agree to pay yourwithheld fees with our prior written consent in the 
event that yourclient brings or threatens to bring a claim against you that 
would be covered under INSURING CLAUSE 1, SECTIONS A or B for 
an amount greater than your withheld fees if you attempt to recover the 
withheld fees from them. Prior to payment of yourwithheld fees you must 
obtain written confirmation from your client that they will not bring a 
claim against you if you agree not to pursue them for your withheld fees 
and provide it to us.

ALL SECTIONS
We will not make any payment on your behalf under any SECTION of

CFC Underwriting Limited is Authorised and Regulated by the Financial Conduct Authority
©1999-2012 CFC Underwriting Ltd, All Rights Reserved CFC A&E CAN V1.7
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this INSURING CLAUSE in respect of any claim arising directly or 
indirectly out of injury or damage:
a) from products or workmanship; or
b) that did not occur directly as a result of your business activities.

INSURING CLAUSE 2: EMPLOYEE BENEFITS LIABILITY
We agree to pay on your behalf all sums which you become legally obliged 
to pay (including liability for claimants’ costs and expenses) as a result of 
any claim first made against the company named as the Insured in the 
Declarations or any subsidiary and notified to us during the period of the 
policy arising out of any negligent act, error or omission committed by 
you or on your behalf in the administration of your employee benefit 
program. We will also pay costs and expenses on your behalf.

Furthermore, we agree to pay on your behalf any costs and expenses 
necessarily incurred with our prior written consent in respect of measures 
taken by you with the object of avoiding or mitigating a claim for which 
you would be entitled to indemnity hereunder had such measures not 
been taken.

INSURING CLAUSE 3: THIRD PARTY LIABILITY
We agree to pay on your behalf all sums which you become legally obliged 
to pay (including liability for claimants’ costs and expenses) as a result of 
any claim arising out of accidental injury or damage occurring during the
period of the policy in the course of your business activities. We will also 
pay costs and expenses on your behalf.

However, we will not make any payment on your behalf under this
INSURING CLAUSE in respect of any claim:
a) which is covered under INSURING CLAUSE 1, or would be covered 

under INSURING CLAUSE 1 but for the exhaustion of the limit of 
liability or aggregate limit of liability of INSURING CLAUSE 1;

b) arising directly or indirectly out of any product.

INSURING CLAUSE 4: PRODUCTS LIABILITY
We agree to pay on your behalf all sums which you become legally obliged
to pay (including liability for claimants’ costs and expenses) as a result of 
any claim arising out of accidental injury or damage occurring during the
period of the policy in the course of your business activities in connection 
with any product. We will also pay costs and expenses on your behalf.

However, we will not make any payment on your behalf under this 
INSURING CLAUSE in respect of any claim which is covered under
INSURING CLAUSE 1, or would be covered under INSURING CLAUSE 
1 but for the exhaustion of the limit of liability or aggregate limit of liability 
of INSURING CLAUSE 1.

INSURING CLAUSE 5: TENANTS’ LEGAL LIABILITY
We agree to pay on your behalf all sums which you become legally obliged
to pay (including liability for claimants’ costs and expenses) as a result of 
any claimarising out of accidental damageto premises leased to, hired by, 
on loan to or held in trust by you or otherwise in your care, custody or 
control occurring during the period of the policy in the course of your 
business activities. We will also pay costs and expenses on your behalf.

However, we will not make any payment on your behalf under this
INSURING CLAUSE in respect of any claim:
a) which is covered under INSURING CLAUSE 1, or would be covered 

under INSURING CLAUSE 1 but for the exhaustion of the limit of 
liability or aggregate limit of liability of INSURING CLAUSE 1;

b) arising directly or indirectly out of any product.

INSURING CLAUSE 6: MEDICAL EXPENSES
We agree to pay medical expenses for injury caused by an accident 
occurring during the period of the policy: 
on premises you own or rent;
a) on ways next to premises you own or rent; or
b) because of your business activities; 
provided that:
c) the injured person, at the time of the accident, is not entitled to 

benefits under any workers compensation or disability benefits law 
or similar law; and

d) the medical expenses are incurred and notified to us within one year 
of the date of the accident; and

e) the injured person submits to examination, at our expense, by 
physicians of our choice as often as we reasonably require.

A&E________
We will make these payments regardless of fault.

INSURING CLAUSE 7: COMMERCIAL PROPERTY
We agree to reimburse you up to the amount insured shown in the 
Declarations for:
a) the cost of repairing damage occurring during the period of the 

policy to your office buildings, including landlord’s fixtures and 
fittings, walls, gates and fences, yards, car parks and pavements, 
piping, ducting, cables, wires and associated control gear and 
accessories on the premises and extending to the public mains but
only to the extent of your responsibility;

b) damage occurring during the period of the policy to contents of 
every description contained in your office;

c) damage occurring during the period of the policy to contents of 
every description kept at the home of your directors, officers, 
partners or employees in the course of your business activties;

d) damage occurring during the period of the policy to contents of 
every description temporarily elsewhere, including while in transit;

e) the necessary and reasonable costs you incur following damage 
occurring during the period of the policy to glass which belongs to 
you or for which you are legally responsible for:
i) temporary boarding up;
ii) repair of window frames or removal or replacement of fixtures 

and fittings in the course of replacing the glass;
iii) replacement lettering or other ornamental work and alarm foil 

on glass;
f) damage occurring during the period of the policy to money held in 

the course of your business activities:
g) in the office during business hours, in transit or in a Bank Night Safe;
h) in the office outside business hours in a locked safe;
i) at the home of your directors, officers, partners or employees;
j) damage occurring during the period of the policy to the personal 

belongings of your employees or visitors to the office provided they 
are not covered under any other insurance;

k) the reasonable cost of compiling the documents, books of account, 
drawings, card index systems or other records including film, tape, 
disc, drum, cell or other magnetic recording or storage media for 
electronic data processing that you need to continue your business 
activities if these items have been lost or distorted as a direct result 
of damage covered under this INSURING CLAUSE;

l) the costs you incur to replace locks and keys necessary to maintain 
the security of your office or safes following theft of keys involving 
force and violence occurring during the period of the policy;

m) the amount of any rent for the office which you are legally obliged 
to pay for any period during which the office or any part of it is 
unusable as a result of damage covered under this INSURING 
CLAUSE.

We also agree to pay:
a) costs and expenses on your behalf;
b) compensation as shown in the Declarations if any of your directors, 

officers, partners or employees who are aged between 16 and 70 on 
the Inception Date shown in the Declarations suffers an injury in the 
course of your business activities in a robbery or attempted robbery 
and suffers:
i) death, permanent total disablement, loss of a limb or loss of

sightas a direct result of the injurywithin one year of the date 
of its occurrence;

ii) temporary total disablement. The compensation for temporary 
total disablement will be the amount shown in the Declarations 
per week, for a maximum of 104 weeks.

However, we will not pay compensation under more than one heading in 
the Declarations for the same injury.

INSURING CLAUSE 8: BUSINESS INTERRUPTION
We agree to reimburse you up to the amount insured shown in the 
Declarations for your loss of income, extra expense, loss of research and 
development expenditure , project delay costs and accounts receivable 
resulting solely and directly from an interruption to your business activities 
caused by:
a) insured damage to your office or contents of every description or

to any other property used by you at your office;
b) insured damage to property in the vicinity of your office which 

prevents or hinders your access to your office;
c) insured damage at the premises of one of your suppliers, other than 

a supplier of water, gas, electricity or telephone services;
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d) failure in the supply of water, gas, electricity, or telephone services 

to your office for more than 24 consecutive hours caused by insured 
damage to any property;

e) your inability to use your office due to restrictions imposed by a 
public authority following:

i) a murder or suicide;
ii) an occurrence of a notifiable human disease;
iii) injury traceable to food or drink consumed at your office;
iv) vermin or pests at your office.

HOW MUCH WE WILL PAY

The maximum amount payable by us for all claims, losses, damage, costs 
and expenses and medical expenses shall not exceed the amounts shown 
in the Declarations in respect of each INSURING CLAUSE unless limited 
below.

However, solely with respect to any claims under this Policy that shall and 
must be governed by Quebec law on the scope of our liability, we agree 
to pay costs and expenses in addition to the Limits of Liability stated in 
the Declarations.

Where more than one claim or loss arises from the same original cause 
or single source or event all such claims or losses shall be deemed to be 
one claim or loss and only one limit of liability shall be payable in respect
of the aggregate of all such claims or losses.

Where cover is provided under multiple SECTIONS of INSURING 
CLAUSE 1 only one Limit of Liability shall be payable in respect of that
claim.

In respect of INSURING CLAUSES 1 to 5we may at any time pay to you 
in connection with any claim the amount of the aggregate limit of liability 
or limit of liability (after deduction of any amounts already paid). Upon 
such payment being made we shall relinquish the conduct and control of 
and be under no further liability in connection with such claimexcept for 
the payment of costs and expenses incurred prior to the date of such 
payment (unless the aggregate limit of liability or limit of liability is stated 
to be inclusive of costs and expenses).

In respect of INSURING CLAUSE 7 only:
a) At our option, we will pay for any damaged property on the following

basis:
i) for the office, the cost of rebuilding or replacing the damaged

property;

ii) for contents of every description, the cost of repair or 
replacement as new.

b) If, at the time the damage occurs, the amount insured is less than
85% of the total value of the office or contents of every description 
insured, the amount we will pay will be reduced in the same 
proportion as the amount insured bears to the total value of the 
office or contents of every description insured.

c) The amount insured for the office and contents of every description 
will be adjusted monthly in line with any increase in nationally 
published indices. We will not reduce the amount insured without 
your consent.

In respect of INSURING CLAUSE 8 the amount we will pay will be:
a) the difference between your actual income during the indemnity 

period and the income it is estimated you would have earned during 
that period or, if this is your first trading year, the difference between 
your income during the indemnity period and during the period 
immediately prior to the loss, less any savings resulting from the 
reduced costs and expenses you pay out of your income during the 
indemnity period; and

b) any additional costs and expenses;
c) any project delay costs during the indemnity period, including the 

total value of any milestone payments that were due in the indemnity 
period but will no longer be received by you either during the 
indemnity period or at any point in the future due to permanent 
termination of the project;

d) any research and development expenditure irrevocably lost during 
the indemnity period; and

e) any accounts receivable, provided you keep a record of all amounts 
owed to you and keep a copy of the record away from your office.

YOUR DEDUCTIBLE
We shall only be liable for that part of each and every claim, loss or 
medical expenses (which for the purpose of this clause shall be deemed 
to include all costs and expenses incurred) which exceeds the amount of 
the Deductible stated in the Declarations. Where more than one claim, 
loss or medical expenses arises from the same original cause or single 
source or event all such claims, losses or medical expenses shall be 
deemed to be one claim, loss or medical expenses and only one

Deductible will apply.

If any expenditure is incurred by us which by virtue of this clause is your 
responsibility then youshall reimburse such amount to uson ourrequest 
or where possible we will deduct such amount from any payment we make
to you.

DEFINITIONS

1. “Accounts receivable”
means:
a) all sums due to you from customers, provided you are unable 

to effect collection thereof as the direct result of insured 
damage to records of accounts receivable;

b) interest charges on any loan to offset impaired collections 
pending repayment of such sums made uncollectible by such 
insured damage;

c) collection expense in excess of normal collection cost and 
made necessary because of insured damage.

2. “Administration”
means:
a) counseling employees, including their dependants and 

beneficiaries, with respect to your employee benefit program;
b) handling records in connection with your employee benefit 

program;
c) effecting enrolment or termination of any employee’s 

participation in a plan included in your employee benefit 
program;

d) interpreting your employee benefit program.

3. “Aggregate limit of liability”
means the maximum amount payable as stated in the Declarations 
by us in respect of all claims, or in respect of all accidents giving rise
to medical expenses.

4. “Amount insured”
means the maximum amount payable by us as shown in the 
Declarations in respect of each of INSURING CLAUSES 7 and 8. 
The amount applies to each incident of loss or damage occurring 
during the period of the policy provided always that after the first 
incident of loss or damage you comply with our recommendations 
to prevent any further incidents of loss or damage.

5. “Breach of client contract”
means your unintentional breach of a written contract relating to 
the performance of your business activities for a client.

6. “Business activties”
means:
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a) in respect of INSURING CLAUSE 1, the business activities as

stated in the Declarations.
b) in respect of all other INSURING CLAUSES, the business 

activities as stated in the Declarations and shall include, for the 
purpose of those business activities:
i) the ownership, repair and maintenance of your property;
ii) provision and management of canteen, social, sports and 

welfare organisations for the benefit of your directors, 
officers, partners or employees and medical, fire fighting,
and security services;

iii) attendance at conferences and tradeshows as either an 
exhibitor or visitor.

7. “Claim”
means a demand received by you for money or services, including 
the service of suit or institution of arbitration proceedings. “Claim” 
shall also mean a threat or initiation of a suit seeking injunctive relief 
(meaning a temporary restraining order or a preliminary or 
permanent injunction).

8. “Client”
means any third party with whom you have a written or implied 
contract in place for the supply of your business activities in return 
for a fee.

9. “Contents of every description”
means the contents of your office used in connection with your 
business activities which are owned by you or for which you are 
legally responsible, including:
a) computer and ancillary equipment (including monitors, 

keyboards, printers and software), television and video 
equipment, photographic, photocopying, surveying and 
telecommunications equipment;

b) documents, briefs, manuscripts, plans, business books,
computers systems records and programs;

c) goods held in trust, stock and samples;
d) wines, spirits and tobacco kept for entertainment purposes;
e) works of art or precious metals;
f) fixed glass in windows, doors and fanlights, glass showcases, 

glass shelves, mirrors and sanitary fixtures and fittings;
g) heating oil for the office contained in fixed tanks in the open 

at the address shown in the Declarations;
h) tenant’s improvements, decorations, fixtures and fittings 

including, if attached to the building, external signs, aerials and 
satellite dishes;

i) pipes, ducting, cables, wires and associated control equipment 
at the address shown in the Declarations and extending to the 
public mains.

“Contents of every description” does not include money or the
personal belongings of your employees or visitors to the office.

10. “Costs and expenses”
means:
a) in respect of INSURING CLAUSES 1 (SECTIONS A to F only) 

and 2,
i) your legal costs and expenses in the defence or 

settlement of any claim made against you, and
ii) your legal costs and expenses in the defence of any 

criminal claim made against you, provided that we 
maintain all rights of subrogation to recover such legal 
costs and expenses from any director, officer, partner or 
employee if they are found guilty of such a criminal act, 
and

iii) the cost of bonds to release attachments but without any 
obligation to furnish these bonds, and

iv) interest on that part of any judgment we pay that accrues 
after entry of the judgment and before we have paid, 
offered to pay, or deposited in court the part of the 
judgment that is within the limit of liability.

b) in respect of INSURING CLAUSES 3 to 5,
i) your legal costs and expenses in the defence or 

settlement of any claim made against you, and
ii) the cost of bonds to release attachments but without any 

obligation to furnish these bonds, and

iii) interest on that part of any judgment we pay that accrues 
after entry of the judgment and before we have paid, 
offered to pay, or deposited in court the part of the 
judgment that is within the limit of liability.

c) in respect of INSURING CLAUSES 7 and 8, the costs and 
expenses incurred by you or on your behalf in establishing that 
you have sustained a loss or damage and the quantum of such 
loss or damage or the costs and expenses incurred by you or 
on your behalf in mitigating any such loss or damage.

d) in respect of INSURING CLAUSE 7 only, the necessary and 
reasonable costs and expenses you incur to remove debris 
from the premises or the area immediately adjacent, following 
damage covered under this INSURING CLAUSE.

Subject to all costs and expenses being incurred with the Claims 
Managers’ written consent (such consent not to be unreasonably 
withheld).

If costs and expenses are shown in the Declarations to be in addition 
to the aggregate limit of liability or limit of liability in respect of any 
of INSURING CLAUSES 1 to 5, and if a payment in excess of the 
amount of indemnity available hereunder has to be made to dispose 
of any claim or number of claims, our liability for such costs and 
expenses shall be such proportion thereof as the amount of 
indemnity available hereunder bears to the amount required to 
dispose of such claim or claims.

Costs and expenses are always included in the amount insured in 
respect of INSURING CLAUSES 7 and 8.

11. “Damage/damaged”
means direct physical damage to, or destruction of, or loss of 
possession of, or loss of use of, tangible property. In respect of 
INSURING CLAUSES 1, 3 and 4 damage does not include damage 
to or destruction of, or loss of possession of, or loss of use of, or 
corruption of, data.

12. “Documents”
means deeds, wills, agreements, maps, plans, records, books, letters, 
certificates, forms, computer programmes or information stored, 
written or punched into card or tape or magnetic discs or tapes or 
any other data media and documents of any nature whatsoever, 
whether written, printed or reproduced by any other method (other 
than bearer bonds, coupons, banks notes, currency notes and 
negotiable instruments).

13. “Employee”
means any person employed by the company named as the Insured 
in the Declarations, or any subsidiary. Employee does not include 
any director, officer or partner of the company named as the Insured 
in the Declarations, or any subsidiary.

14. “Employee benefit program”
means group automobile insurance, group homeowners insurance, 
group life insurance, group dental insurance, group health insurance, 
profit sharing plans, pension plans, early retirement offerings, 
employee investment subscription plans, Workers’ Compensation, 
Unemployment Insurance, Social Security, Disability Benefit 
Insurance, travel, savings or vacation plans or any similar benefit 
programs.

15. “Extra expense”
means the necessary and reasonable extra costs and expenses you 
incur in order to continue your business activities during the
indemnity period.

16. “Hacking attack”
means any malicious or unauthorised electronic attack including but 
not limited to any fraudulent electronic signature, brute force attack, 
phishing, denial of service attack, that has been initiated by any third 
parties or by any employees and that is designed to damage, destroy, 
corrupt, overload, circumvent or impair the functionality of 
computer systems, software and ancillary equipment.

17. “Income”
means your total income from your business activities.
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18. “Indemnity period”

means the period beginning at the date of the damage, or the date 
the restriction is imposed, and lasting for the period during which 
your income or expenditure is affected as a result of such damage 
or restriction, but for no longer than the number of months shown 
in the Declarations.

19. “Injury”
means:
a) in respect of INSURING CLAUSE 1 death, bodily injury, mental 

injury, illness or disease;
b) in respect of all other INSURING CLAUSES:

i) death, bodily injury, mental injury, illness, disease, shock, 
mental anguish or humiliation; and

ii) false arrest, detention or imprisonment; and
iii) malicious prosecution; and
iv) wrongful entry into, or eviction of a person from, a room, 

dwelling or premises that the person occupies.

20. “Insured damage”
means damage to property provided that:
a) the damage is covered under INSURING CLAUSE 7; or
b) an insurer has paid the claim, or has agreed to pay the claim, 

under any other insurance covering such damage.

21. “Intellectual property right”
means any intellectual property right including but not limited to 
trademarks, trade secrets, broadcasting rights, domain names, 
metatags and copyrights but does not include patents.

22. “Limit of liability”
means the maximum amount payable by us as stated in the 
Declarations in respect of each claim or loss, or in respect of each 
accident giving rise to medical expenses.

23. “Loss of a limb”
means loss by physical separation of a hand at or above the wrist, of 
a foot at or above the ankle, and includes total and irrecoverable 
loss of use of a hand, arm or leg.

24. “Loss of sight”
means total and irrecoverable loss of sight.

25. “Loss”
means direct financial loss sustained by you.

26. “Money”
means cash, bank and currency notes, cheques, travellers’ cheques, 
postal orders, money orders, crossed bankers’ drafts, current 
postage stamps, savings stamps and certificates, trading stamps, gift 
tokens, customer redemption vouchers, company sales vouchers, 
credit card counterfoils, travellers tickets and contents of franking 
machines, all belonging to you.

27. “Medical expenses”
means reasonable expenses for:
a) first aid administered at the time of an accident;
b) necessary medical, surgical, x ray and dental services, including 

prosthetic devices;
c) necessary ambulance, hospital, professional nursing and funeral 

services.

28. “Office”
means the office space (including any outbuildings) you occupy at the 
address shown in the Declarations as more fully described in the 
application form.

29. “Period of the policy”
means the period between the Inception Date shown in the 
Declarations and the Expiry Date shown in the Declarations or until 
the Policy is cancelled in accordance with GENERAL 
CONDITION 10 of this Policy.

30. “Permanent total disablement”
means disablement which entirely prevents the injured person from 
attending to any business or occupation for which he is reasonably 
suited by training, education or experience for 24 calendar months 
and at the expiry of that period being beyond hope of improvement.

31. “Project delay costs”
means any additional costs and expenses incurred by you as a direct 
result of a delay to a project, including the interest charges incurred 
from any reasonable loan required as a result of a delayed milestone 
payment.

32. “Product”
means any tangible property (including containers, packaging, labelling 
or instructions, but explicitly excluding any software, data, or source 
code) after it has left your custody or control which has been 
designed, specified, formulated, manufactured, constructed, installed, 
sold, supplied, distributed, treated, serviced, altered, processed, 
cleaned, renovated or repaired by you or on your behalf in the 
course of your business activities.

33. “Research and development expenditure”
means your expenditure on research and development less the cost 
of reusable materials consumed for the purposes of the research and 
development.

34. “Subsidiary”
means any company which the company named as the Insured in the 
Declarations controls through:
a) holding 50% or more of the voting rights, or
b) having the right to appoint or remove 50% or more of its board 

of directors; or
c) controlling alone, pursuant to a written agreement with other 

shareholders or members, 50% or more of the voting rights 
therein.

35. “Temporary total disablement”
means disablement which entirely prevents the injured person from 
attending to his business or occupation.

36. “Third party”
means any person or company who is not a director, officer, partner 
or employee of the company named as the Insured in the 
Declarations, or any subsidiary.

37. “Virus”
means any malicious software code including but not limited to any 
logic bomb, Trojan horse or worm that has been introduced by any 
third parties or by any employees and that is designed to damage, 
destroy, corrupt, overload, circumvent or impair the functionality of 
computer systems, software and ancillary equipment.

38. “We/our/us”
means the Underwriters named in the Declarations.

39. “Withheld fees”
means any contractually due fee that your client refuses to pay you,
but excludes any part of the fee that represents your profit or mark
up or liability for taxes.

40. “Workmanship”
means any physical workmanship in manufacture, fabrication, 
construction, erection, installation, assembly, alteration, servicing, 
remediation, repair, demolition or disassembly (including any 
materials, parts or equipment furnished in connection therewith) by
you.

41. “Wrongful act”
means any act or event the subject of INSURING CLAUSE 1 of this 
Policy for which you have purchased coverage.

42. “You/your”
means:
a) the company named as the Insured in the Declarations, or any

subsidiary, and
b) any past, present or future employee, trainee, director, officer 

or partner of the company named as the Insured in the 
Declarations or any subsidiary.
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EXCLUSIONS

We will not
a) make any payment on your behalf for any claim, or
b) incur any costs and expenses, or
c) reimburse you for any loss, damage, legal expenses, fees or 

costs sustained by you, or
d) pay any medical expenses:

EXCLUSIONS RELATING TO OTHER INSURANCES:
1. Marine and aviation

arising directly or indirectly from the ownership, possession or use 
by you or on your behalf of any aircraft, hovercraft, offshore 
installation, rig, platform or watercraft.

2. Auto
arising directly or indirectly from the ownership, possession or use 
by you or on your behalf of any motor vehicle or trailer other than
injury or damage:
a) caused by the use of any tool or plant forming part of or 

attached to or used in connection with any motor vehicle or 
trailer;

b) occurring beyond the limits of any carriageway or thoroughfare 
and caused by the loading or unloading of any motor vehicle 
or trailer;

c) arising out of the use of any motor vehicle or trailer 
temporarily in your custody or control for the purpose of 
parking;

provided always that we will not make any payment on your behalf 
or incur any costs and expenses in respect of any legal liability for 
which compulsory insurance or security is required by legislation or 
for which a government or other authority has accepted 
responsibility.

3. Project-specific insurance
arising out of any projects for which you have purchased project 
specific insurance.

4. Product guarantee
for costs incurred in the repair, alteration, reinstatement, inspection, 
reconditioning or replacement of any product or part thereof and 
any financial loss consequent upon the necessity for such repair, 
alteration, reinstatement, inspection, reconditioning or replacement, 
other than in respect of INSURING CLAUSE 1 when you are legally 
obliged to pay these sums to a client.

5. Product recall
arising directly or indirectly from the recall of any product or part 
thereof except for claims made under INSURING CLAUSE 1 where 
you are legally liable for these costs to a third party as the direct 
result of a wrongful act committed or alleged to have been 
committed by you.

6. Employment practices
arising out of or resulting from any employer-employee relations, 
policies, practices, acts, omissions, any actual or alleged refusal to 
employ any person, or misconduct with respect to employees.

7. Employers’ liability
arising directly or indirectly out of injuryto your directors, officers, 
partners or employees.

However, this EXCLUSION shall not apply to employees on whose 
behalf contributions are required to be made by you under the 
provisions of any Workers’ Compensation Law in respect of whom 
liability has been denied by any Workers’ Compensation authority.

8. Directors’ and Officers’
arising out of any personal liability incurred by your directors or 
officers when they are acting in that capacity or managing you, or 
arising from any statement, representation or information regarding 
your business contained within any accounts, reports or financial 
statements.

9. Double insurance
for which you are entitled to indemnity under any other insurance 
except for:
a) any additional sum which is payable over and above such other 

insurance, or
b) any contribution that we are obliged to make by law and that 

contribution shall be in proportion to the respective limits of 
liability or amounts insured of the Policies.

EXCLUSIONS RELATING TO THE CONDUCT OF 
YOUR BUSINESS:
10. Benefit laws

arising directly or indirectly out of your failure to comply with the 
mandatory provisions of any law concerning workers compensation, 
unemployment insurance, social security, disability benefits or 
pension benefits.

11. Circumstances known at inception
arising out of any circumstances or occurrences which could give 
rise to a claim, loss or damage under this Policy or any accidents 
giving rise to medical expenses of which you are aware, or ought 
reasonably to be aware, prior to the Inception Date of this Policy, 
whether notified under any other insurance or not.

12. Computer failure
in respect of INSURING CLAUSES 7 and 8 only, arising directly or 
indirectly from loss or distortion of your data or damage to your 
electrical or mechanical plant resulting from a failure of your 
computer or ancillary equipment (including monitors, keyboards, 
printers or software), television or video equipment, photographic, 
photocopying, surveying or telecommunications equipment. 
However, we will reimburse you up to the amount insured for 
damage occurring during the period of the policy to your office 
computer and ancillary equipment, but only if your office computer 
and ancillary equipment is subject to a manufacturer’s guarantee or 
a maintenance contract providing free parts and labour in the event 
of a breakdown.

13. Contractual fines and penalties
for fines and penalties arising from yourbreach of contract, including 
any liquidated damages, service credits or associated penalties arising 
from your failure to perform under a service level agreement

14. Employee benefit program advice
arising directly or indirectly from:
a) advice given to any person to participate or not to participate 

in any plan included in your employee benefit program;
b) the failure of any investment to perform as represented by you.

15. ERISA
arising out of or resulting from your acts related to any pension, 
healthcare, welfare, profit sharing, mutual or investment plans, funds 
or trusts; or any violation of any provision of the Employee 
Retirement Income Security Act of 1974, or any amendment to the 
Act or any violation of any regulation, ruling or order issued pursuant 
to the Act.

16. Failure to ensure feasibility of contracts
arising from any contract where before entering into or amending 
the contract you failed to take reasonable steps to ensure that you 
could fulfil all your obligations in accordance with the terms of the 
contract.

17. Faulty workmanship
arising from damage to your property or office caused directly or 
indirectly by misuse, inadequate or inappropriate maintenance, faulty
workmanship, defective design, the use of faulty materials or whilst
being cleaned, worked on or maintained.

18. Hazardous devices
arising directly or indirectly from any product which with your 
knowledge is intended for incorporation into the structure,
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machinery or controls of any aircraft, other aerial device, military 
vehicle, hovercraft, waterborne craft or any medical equipment.

19. Legal Action
where action for damages is brought in a court of law outside the 
territories specified in the Declarations, or where action is brought 
in a court of law within those territories to enforce a foreign 
judgement whether by way of reciprocal agreement or otherwise.

20. Limiting recovery rights
arising directly or indirectly out of your failure to take reasonable 
steps to ensure that our rights of recovery against any third party 
are not unduly restricted or financially limited by a specific term in 
any contract or agreement.

21. Patents
arising out of the actual or alleged infringement of any patent or 
inducing the infringement of any patent.

22. Retroactive Date
in respect of INSURING CLAUSES 1 and 2 only, arising out of any 
actual or alleged wrongful act or negligent act, error or omission 
committed before the date specified as the Retroactive Date in the 
Declarations.

23. RICO
for or arising out of any actual or alleged violation of the Organised 
Crime Control Act of 1970 (commonly known as the Racketeer 
Influenced and Corrupt Organisation Act or RICO), as amended, or 
any regulation promulgated thereunder or any similar federal, state 
or local law, whether such law is statutory, regulatory or common 
law.

24. SEC
for or arising out of the actual or alleged violation of the Securities 
Act of 1933, the Securities Exchange Act of 1934, or any similar state 
or federal law, or any amendment to the above laws or any violation 
of any order, ruling or regulation issued pursuant to the above laws.

25. Unjust enrichment
in respect of INSURING CLAUSE 1 only, for that part of any claim 
that results in you being in a better financial position as a direct result 
of your wrongful act than you would have been if you had not 
committed the wrongful act.

26. Water ingress (applicable to British Columbia only)
arising out of, or relating directly or indirectly to, in whole or in part,
the infiltration of precipitation into the building envelope of a building 
located in the Province of British Columbia, or into a multi-unit 
building located in the Province of British Columbia.

For the purposes of this exclusion the following definitions are added 
to the Policy:

Multi-unit building means a building containing more than one unit, 
whether that unit is used for residential, industrial or any other 
purpose.

Building envelope means the assemblies, components, and materials 
of a building which are intended to separate and protect the interior 
space of a building from the adverse effects of exterior climactic 
conditions.

Infiltration of precipitation means, but is not limited to, the actual, 
alleged, threatened, or possible infiltration, migration, presence, 
accumulation, condensation or dispersal of water or moisture on, 
in, or into the building envelope.

27. Wilful or dishonest acts of directors
in respect of INSURING CLAUSES 1 and 2 only, arising out of any 
wilful, malicious, reckless or dishonest act or omission by any 
director, partner or officer of the company named as the Insured in 
the Declarations or any subsidiary, unless such person had already 
ceased to be a director, partner or officer of the company named as 
the Insured in the Declarations and all subsidiaries at the time of 
their first wilful, malicious, reckless or dishonest act or omission, or 
unless specifically covered under INSURING CLAUSE 1 SECTION 
A (e). We will not provide any cover for any director, partner or

officer of the company named as the Insured in the Declarations or 
any subsidiary who commits, condones or ignores any dishonesty.

GENERAL INSURANCE EXCLUSIONS:
28. Antitrust

for or arising out of any actual or alleged antitrust violation, restraint 
of trade, unfair competition, false, deceptive or unfair trade practices, 
violation of consumer protection laws or false or deceptive 
advertising unless insurable under the applicable law.

29. Asbestos
arising from or contributed to by the manufacturing, mining, use, 
sale, installation, removal, distribution of or exposure to asbestos, 
materials or productscontaining asbestos, or asbestos fibres or dust, 
unless arising directly from a wrongful act committed by you:
a) on or after 1st January 1990, or
b) on or after the date specified as the Retroactive Date in the 

Declarations,
c) whichever is the later, in the course of your business activities.

30. Associated companies
a) in respect of any claim made by any company firm or 

partnership in which the company named as the Insured in the 
Declarations has an executive or financial interest, unless such 
claim emanates from an independent third party; or

b) in respect of any claim made by any company firm partnership 
or individual which has an executive or financial interest in the 
company named as the Insured in the Declarations or any 
subsidiary, unless such claim emanates from an independent 
third party; or

c) arising out of or resulting from any of your activities as a 
trustee, partner, officer, director or employee of any employee 
trust, charitable organization, corporation, company or 
business other than that of the company named as the Insured 
in the Declarations or any subsidiary; or

d) in respect of any claim made by or on behalf of the company 
named as the Insured in the Declarations or any subsidiary.

31. Earthquake
in respect of INSURING CLAUSES 7 and 8 only, caused by 
earthquake, except for:
a) ensuing loss or damage which results directly from fire,

explosion, smoke or leakage from fire protective equipment; 
or

b) ensuing damage to contents of every description while in 
transit.

32. Electromagnetic fields
directly or indirectly arising out of, resulting from or contributed to 
by electromagnetic fields, electromagnetic radiation, 
electromagnetism, radio waves or noise.

33. Flood
in respect of INSURING CLAUSES 7 and 8 only, caused by flood, 
including waves, tides, tidal waves, or the rising of, the breaking out, 
or the overflow, of any body of water whether natural or manmade, 
but this EXCLUSION does not apply to:
a) ensuing loss or damage which results directly from fire,

explosion, smoke or leakage from fire protective equipment; 
or

b) ensuing damage to contents of every description while in 
transit.

34. Fines
for fines, penalties, civil or criminal sanctions and for punitive, 
multiple or exemplary damages unless insurable under the applicable 
law.

35. Insolvency
arising out of or relating directly or indirectly from your insolvency 
or bankruptcy, or the insolvency or bankruptcy of any third party. 
Furthermore, no coverage is provided under INSURING CLAUSE 8 
if you become insolvent or bankrupt.

36. Land or water
arising directly or indirectly from damage to land or water within or
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below the boundaries of any land or premises presently or at any 
time previously owned or leased by you or otherwise in your care, 
custody or control.

37. Miscellaneous property exclusions
in respect of INSURING CLAUSES 7 and 8 only, arising directly or
indirectly from:
a) wear and tear, inherent defect, rot, vermin or infestation, or 

any gradually operating cause;
b) dryness or humidity, being exposed to light or extreme 

temperatures, unless the damage is caused by storm or fire;
c) coastal or river erosion;
d) theft from an unattended vehicle unless the item is out of sight;
e) frost, other than damage due to water leaking from burst pipes 

forming part of the permanent internal plumbing provided the 
office is occupied and in use;

f) arising directly or indirectly from unexplained loss or
disappearance or inventory shortage of your property;

g) a hacking attack or virus.

38. Nuclear
arising directly or indirectly from or contributed to by :
a) ionising radiations or contamination by radioactivity from any 

nuclear fuel or from any nuclear waste from the combustion 
of nuclear fuel;

b) the radioactive, toxic, explosive or other hazardous properties 
of any explosive nuclear assembly or nuclear component 
thereof.

39. Pollution
arising directly or indirectly out of :
a) pollution or contamination of the atmosphere, or of any water,

land, buildings or other property;
b) any enforcement action in connection with the containment,

clean-up, removal or treatment of such pollution or
contamination;

but this EXCLUSION shall not apply in respect of :
i) INSURING CLAUSE 1, SECTION D; or
ii) INSURING CLAUSES 7 and 8 to the backing up of sewers,

sumps, septic tanks or drains.

40. Toxic mould / fungus
arising directly or indirectly from any loss, injury, damage, costs or 
expenses, including, but not limited to, losses, damage, costs or
expenses related to, arising from or associated with clean-up, 
remediation, containment, removal or abatement, caused directly or
indirectly, in whole or in part, by:
a) any fungus, mould, mildew or yeast, or
b) any spore or toxins created or produced by or emanating from 

such fungus, mould, mildew or yeast, or
c) any substance, vapour, gas, or other emission or organic or 

inorganic body or substance produced by or arising out of any 
fungus, mould, mildew or yeast, or

d) any material, product, building component, building or 
structure, or any concentration of moisture, water or other 
liquid within such material, product, building component, 
building or structure, that contains, harbours, nurtures, or acts 
as a medium for any fungus, mould, mildew, yeast or spore or

toxins emanating therefrom,

regardless of any other cause, event, material, product or building
component that contributed concurrently or in any sequence to that 
loss, injury, damage, cost or expense.

However, this EXCLUSION shall not apply in respect of INSURING
CLAUSE 1 where the loss, injury, damage, costs or expenses arose 
directly from a wrongful act committed by you in the course of your 
business activities.

For the purposes of this EXCLUSION the following definitions are 
added to the Policy:

Fungus includes, but is not limited to, any plants or organisms
belonging to the major group Fungi, lacking chlorophyll, and including 
moulds, rusts, mildews, smuts and mushrooms.

Mould includes, but is not limited to, any superficial growth produced 
on damp or decaying organic matter or on living organisms, and fungi 
that produced moulds.

Spore means any dormant or reproductive body produced by or 
arising from or emanating out of any fungus, mould, mildew, plants,
organisms or microorganisms.

41. Trade Debt
arising out of or in connection with any trading losses or trading 
liabilities incurred by any business managed or carried on by you, or 
any loss of your profit arising from the loss of any client, account or
business.

42. War and terrorism
directly or indirectly caused by, resulting from or in connection with 
any of the following regardless of any other cause or event 
contributing concurrently or in any other sequence to the claim, loss, 
damage, costs and expenses or medical expenses;
a) war, invasion, acts of foreign enemies, hostilities or warlike 

operations (whether war be declared or not), civil war, 
rebellion, insurrection, civil commotion assuming the 
proportions of or amounting to an uprising, military or usurped 
power; or

b) any act of terrorism.

For the purpose of this EXCLUSION an act of terrorism means an 
act, including but not limited to the use of force or violence or the 
threat thereof, of any person or groups of persons, whether acting 
alone or on behalf of or in connection with any organisations or
governments, committed for political, religious, ideological or similar 
purposes including the intention to influence any government or to 
put the public, or any section of the public, in fear.

This EXCLUSION also excludes claims, losses, damage, costs and 
expenses or medical expenses of whatsoever nature directly or 
indirectly caused by, resulting from or in connection with any action 
taken in controlling, preventing, suppressing or in any way relating 
to a) or b) above.

This EXCLUSION does not apply to any claim or loss arising directly
from a hacking attack or virus.

GENERAL CONDITIONS
1. What you must do in the event of a claim or loss

Should any director, partner, or senior executive officer of the 
company named as the Insured in the Declarations and any subsidiary 
become aware of any claim, loss or damage or of any situation that 
could give rise to a claim or loss or should an allegation, complaint 
or claim be made or intimated against you, the following obligations 
must be complied with by you:
a) You must not admit liability for or settle or make or promise 

any payment in respect of any claim, loss or damage which may 
be covered under this Policy. Neither must you incur any costs 
or expenses in connection with such a claim, loss or damage 
without our written consent. However, you should arrange for 
any urgent repairs following damage covered under INSURING 
CLAUSE 7 to be done immediately. Before any other repair

work begins we have the right to inspect your damaged
property. We will notify you if we intend to do this.

b) The Claims Managers, as specified in the Declarations, must be
notified as soon as is reasonably possible if during the period
of the policy:
i) you suffer any loss or damage that could be covered by 

this Policy or any allegation, complaint or claim is made 
or intimated against you, whether verbal or made in
writing.

ii) any director, partner, or senior executive officer of the 
company named as the Insured in the Declarations and 
any subsidiary become aware of the intention of any 
person to make a complaint allegation or claim against 
you, whether verbal or in writing. Once notice has been
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made to us, we will regard any subsequent claim that may
arise as notified under this Policy.

iii) you become aware of an action of yours that could give 
rise to a loss, allegation, complaint or claim being made 
or intimated against you. Once notice has been made we 
will regard any subsequent claim that may arise as notified 
under this Policy.

iv) you discover reasonable cause for suspicion of fraud or 
dishonesty whether this could give rise to a claim under 
this Policy or not and we shall not be liable under this 
Policy for any claim or loss sustained in consequence of 
any fraudulent or dishonest act or omission committed 
after the date of such discovery.

We have nominated the Claims Managers to accept notice on our 
behalf.

Due to the nature of the coverage offered by this Policy, any 
unreasonable delay by any director, partner, or senior executive 
officer of the company named as the Insured in the Declarations and 
any subsidiary in notifying the Claims Managers of (i), (ii), (iii) or (iv) 
above could lead to the size of the claim, loss or damage increasing 
or to our rights being restricted. We shall not be liable for that 
portion of any claim that is due to any unreasonable delay in any 
director, partner, or senior executive officer of the company named 
as the Insured in the Declarations and any subsidiary notifying the 
Claims Managers of any claim, loss or damage in accordance with 
this GENERAL CONDITION.

c) We will expect you to provide us with full and accurate 
information about any matter that you notify to us under your 
obligations set out above. Once notice has been made you 
must give the Claims Managers all the assistance and 
information that is reasonably required. You must follow their 
advice and do anything that they reasonably require you to do 
to avoid, minimise, settle or defend any claim, loss or damage.

If you think a crime has been committed you must report it to the 
appropriate law enforcement authorities. You must also permit the 
Claims Managers and any other parties that are appointed by the 
Claims Managers to notify the appropriate law enforcement 
authorities of any claim, loss or damage where this action is deemed 
necessary, and you must comply with the advice given by such 
authorities.

If any of your computer or ancillary equipment is lost or stolen while 
it is temporarily removed from the office, we will not make any 
payment unless you report the loss to the police within 48 hours 
after you become aware of it.

2. Continuous cover
If you have neglected, through error or oversight only, to report a 
claim made against you during the period of a previous renewal of 
this Policy issued to you by us, then provided that you have 
maintained uninterrupted insurance of the same type with us since 
the expiry of that earlier Policy, then, notwithstanding EXCLUSION 
11, we will permit the matter to be reported under this Policy and
will indemnify you, provided that:
a) the indemnity will be subject to the applicable aggregate limit 

of liability or limit of liability of the earlier Policy under which 
the matter should have been reported or the aggregate limit 
of liability or limit of liability of the current Policy, whichever is 
the lower;

b) we may reduce the indemnity entitlement by the monetary 
equivalent of any prejudice which has been suffered as a result 
of the delayed notification;

c) the indemnity will be subject in addition, to all of the terms,
CONDITIONS, DEFINITIONS and EXCLUSIONS, other than 
the aggregate limit of liability or limit of liability, contained in 
this current Policy.

3. Fraudulent claims
If you notify us of any claim knowing that claim to be false or 
fraudulent in any way, we shall have no responsibility to pay that claim

or any other claims under this insurance and the Policy will be 
treated as if it had not been effected.

4. Agreement to pay claims
We have the right and duty to take control of and conduct in your 
name the investigation settlement or defence of any claim. We shall 
also pay on your behalf costs and expenses incurred with our prior 
written consent (subject to the Limits of Liability and applicable 
Deductible shown in the Declarations) provided that we shall not
a) pay for the costs and expenses of any part of a claim that is 

not covered by this Policy.
b) incur any costs and expenses in the defence of any claim unless 

there is a reasonable prospect of success, taking into account 
the commercial considerations of the costs of defence.

We shall always endeavour to settle any claim through negotiation, 
mediation or some other form of alternative dispute resolution and 
shall pay on your behalf the amount so agreed by us and the claimant. 
If we cannot settle by such means, we shall pay the amount which 
you are found liable to pay either in court or through arbitration 
proceedings, subject always to the limit of liability shown in the 
Declarations.

If you refuse to consent to a settlement that we recommend and 
that the claimant will accept, you must then defend, investigate or 
settle the claim at your own expense. As a consequence of your 
refusal, our liability for any claim shall not be more than the amount 
that we could have settled the claim for had you consented, plus any 
costs and expenses incurred prior to the date of such refusal.

5. Innocent non-disclosure
We will not seek to avoid the Policy or reject any claim on the 
grounds of non-disclosure or misrepresentation except where the 
non-disclosure or misrepresentation was reckless or fraudulent or 
you failed to conduct a full inquiry prior to providing the information 
that forms the basis of this insurance. In the event that we seek to 
avoid the Policy or reject any claim on this basis the burden of 
proving otherwise rests solely with you.

6. Your duty to advise us of changes
If you become aware that any of the information that you have given 
us in the Application Form or elsewhere in connection with your 
application for this insurance has materially changed then you must 
advise us as soon as is practicable. In this event, we reserve the right 
to amend the terms, conditions or premium of the Policy.

7. Risk management conditions
If we attach any additional conditions to your Policy regarding any 
risk survey or risk management timetable or any other similar 
conditions then it is your responsibility to ensure that these 
conditions are complied with by the deadlines shown in the 
conditions.

8. Our rights of recovery
If any payment is made under this Policy in respect of a claim, loss or
damage and there is available to us any of your rights of recovery 
against any other party then we maintain all such rights of recovery. 
We shall not exercise these rights against any past, present or future 
employee, director, officer or partner of the company named as the 
Insured in the Declarations or any subsidiary, unless such payment 
is in respect of any wilful, malicious or dishonest acts or omissions. 
You must do nothing to impair any rights of recovery. At our request 
you will bring proceedings or transfer those rights to us and help us 
to enforce them. Any recoveries shall be applied as follows:
a) first, to us up to the amount of our payment on your behalf 

including costs and expenses;
b) then to you as recovery of your Deductible or other amounts 

paid as compensation or costs and expenses.

9. Waiver of subrogation
Notwithstanding GENERAL CONDITION 8 above we agree to 
waive our rights of subrogation against a responsible third party 
client of yours but only if you and your client have entered into a 
contract that contains a provision requiring us to do this.
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10. Cancellation

This Policy may be cancelled:
a) by you at any time on request; or
b) by us if we give you 30 days written notice, or
c) by us if we give you 15 days written notice, should any amount 

in default not be paid within 15 days of the due date shown in 
the Debit Note that accompanies this Policy.

If you give us notice of cancellation in accordance with a) above, the 
earned Premium shall be computed at pro rata to the number of 
days that the Policy is in effect subject to a minimum amount of 30% 
of the Premium.

If we give you notice of cancellation in accordance with b) or c) 
above, the Premium shall be computed at pro rata to the number of 
days that the Policy is in effect.

The Policy Administration Fee shall be deemed fully earned upon 
inception of the Policy.

11. Prior subsidiaries
In respect of INSURING CLAUSE 1 only, should an entity cease to 
be a subsidiary after the Inception Date of this Policy, cover in 
respect of such entity shall continue as if it was still a subsidiary, until 
the termination of this Policy, but only in respect of any claimor loss 
that arises out of any act, error or omission committed by that entity
prior to the date that it ceased to be a subsidiary.

12. Mergers and acquisitions
During the period of the policy, if the company named as the Insured 
in the Declarations or any subsidiary
a) purchases assets or acquires liabilities from another entity in 

an amount greater than 10% of the assets of the company 
named as the Insured in the Declarations as listed in its most 
recent financial statement; or

b) acquires another entity whose annual revenues are more than 
10% of the annual revenues of the company named as the 
Insured in the Declarations for their last completed financial 
year;

then you shall have no coverage under this Policy for any claim, loss 
or damage that arises directly or indirectly out of the purchased or 
acquired entity unless the company named as the Insured in the 
Declarations gives us written notice prior to the purchase or 
acquisition, obtains our written consent to extend coverage to such 
additional entities, assets or exposures, and agrees to pay any 
additional premium required by us.

If during the period of the policy the company named as the Insured 
in the Declarations consolidates or merges with or is acquired by 
another entity, then all coverage under this Policy shall terminate at 
the date of the consolidation, merger or acquisition unless we have 
issued an endorsement extending coverage under this Policy, and the 
company named as the Insured in the Declarations has agreed to any 
additional premium and terms of coverage required by us.

13. Extended reporting period
In respect of INSURING CLAUSES 1 and 2 only, an Extended 
Reporting Period of 60 days following the Expiry Date as shown in 
the Declarations shall be automatically granted hereunder at no 
additional premium. Such Extended Reporting Period shall cover 
claims first made and reported to us during this 60 day Extended 
Reporting Period but only in respect of any act, error or omission 
committed prior to the date of cancellation or non-renewal, and 
subject to all other terms, conditions and exclusions of the policy. 
No claim shall be accepted by us in this 60 day Extended Reporting 
Period if you are entitled to indemnity under any other insurance, 
or would have been entitled to indemnity under such insurance but

STATUTORY CONDITIONS

for the exhaustion thereof.

14. Optional extended reporting period
In respect of INSURING CLAUSES 1 and 2 only, in the event of:
a) cancellation or non-renewal of this Policy by us, or
b) cancellation or non-renewal of this Policy by you because you 

have ceased to trade as the direct result of the retirement or 
death of all of your directors, officers or partners;

then you shall have the right, upon payment of the Optional 
Extended Reporting Period Premium shown in the Declarations in 
full and not proportionally or otherwise in part, to have issued an 
endorsement providing a 365 day Optional Extended Reporting 
Period from the cancellation or non-renewal date. Such Optional 
Extended Reporting Period shall cover claims first made against the 
company named as the Insured in the Declarations or any subsidiary 
and notified to us during this Optional Extended Reporting Period 
but only in respect of any claim arising out of any act, error or 
omission committed prior to the date of cancellation or non
renewal, and subject to all other terms, conditions and exclusions of 
the policy.

In order for you to invoke the Optional Extended Reporting Period 
option, the payment of the Optional Extended Reporting Period 
Premium shown in the Declarations for this Optional Extended 
Reporting Period must be paid to us within 15 days of the date of 
the non-renewal or cancellation.

At the commencement of this Optional Extended Reporting Period 
the entire premium shall be deemed earned and in the event that 
you terminate the Optional Extended Reporting Period for any 
reason prior to its natural expiration, we will not be liable to return 
any premium paid.

The right to the Extended Reporting Period or the Optional 
Extended Reporting Period shall not be available to you where:
a) Cancellation or non-renewal by us is due to non-payment of 

premium, or
b) Cancellation or non-renewal by us is due to your failure to pay 

such amounts in excess of the applicable Limit of Liability or 
within the amount of the applicable Deductible as is required
by this Policy in the payment of claims.

At the renewal of this Policy, our quotation of different premium, 
Deductible or Limit of Liability or changes in policy language shall 
not constitute non-renewal by us for the purposes of granting this 
Optional Extended Reporting Period.

In no event shall the granting of the Extended Reporting Period or 
the Optional Extended Reporting Period increase our Limit of 
Liability, including costs and expenses, as shown in the Declarations.

15. Choice of law
This Policy shall be interpreted under, governed by and construed in 
all respects in accordance with the law of the jurisdiction of the place 
of registration of the company named as the Insured in the 
Declarations and for this purpose, we and you agree to submit to 
the exclusive jurisdiction of the courts within the territorial limits 
and jurisdiction of the place of registration of the company named 
as the Insured in the Declarations.

In any action to enforce our obligations under this Policy we can be 
designated or named as “Lloyd’s Underwriters" and such designation 
shall be binding on Lloyd’s Underwriters liable under this Policy as if 
we had each been individually named as defendant. Service of such 
proceedings may validly be made upon the Attorney In Fact in 
Canada for Lloyd’s Underwriters, whose address for such service is 
1155, rue Metcalfe, Suite 2220, Montreal, Quebec, H3B 2V6.

1. Misrepresentation
If a person applying for insurance falsely describes the property to 
the prejudice of the Insurer, or misrepresents or fraudulently omits 
to communicate any circumstance that is material to be made known

to the Insurer in order to enable it to judge of the risk to be 
undertaken, the contract is void as to any property in relation to 
which the misrepresentation or omission is material.
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2. Property of others

Unless otherwise specifically stated in the contract, the Insurer is not 
liable for loss or damage to property owned by any person other than 
the Insured, unless the interest of the Insured therein is stated in the 
contract.

3. Change of interest
The Insurer is liable for loss or damage occurring after an authorized 
assignment under the Bankruptcy Act or change of title by succession, 
by operation of law, or by death.

4. Material change
Any change material to the risk and within the control and knowledge 
of the Insured avoids the contract as to the part affected thereby, 
unless the change is promptly notified in writing to the Insurer or its 
local agent; and the Insurer when so notified may return the unearned 
portion, if any, of the premium paid and cancel the contract, or may 
notify the Insured in writing that, if he desires the contract to 
continue in force, he must within fifteen (15) days of the receipt of 
the notice, pay to the Insurer an additional premium; and in default 
of such payment the contract is no longer in force and the Insurer 
shall return the unearned portion, if any, of the premium paid.

5. Termination
1. This contract may be terminated:

a) by the Insurer giving to the Insured fifteen (15) days’ notice 
of termination by registered mail or five (5) days’ written 
notice of termination personally delivered;

b) by the Insured at any time on request.
2. Where this contract is terminated by the Insurer:

a) the Insurer shall refund the excess of premium actually paid 
by the Insured over the pro rata premium for the expired 
time, but in no event, shall the pro rata premium for the 
expired time be less than any minimum retained premium 
specified; and

b) the refund shall accompany the notice unless the premium 
is subject to adjustment or determination as to amount, in 
which case the refund shall be made as soon as practicable.

3. Where this contract is terminated by the Insured, the Insurer 
shall refund as soon as practicable the excess of the premium 
actually paid by the Insured over the short rate premium for the 
expired time, but in no event shall the short rate premium for 
the expired time, be deemed to be less than any minimum 
retained premium specified.

4. The refund may be made by money, postal or express company 
money order or cheque payable at par.

5. The fifteen (15) days mentioned in clause (1) (a) of this condition 
commences to run on the day following the receipt of the 
registered letter at the post office to which it is addressed.

6. Requirements after loss
1. Upon the occurrence of any loss of or damage to the insured 

property, the lnsured shall, if the loss or damage is covered by 
the contract, in addition to observing the requirements of 
Conditions 9, 10 and 11:
a) forthwith give notice thereof in writing to the Insurer;
b) deliver as soon as practicable to the Insurer a proof of loss 

verified by a statutory declaration,
i) giving a complete inventory of the destroyed and 

damaged property and showing in detail quantities, 
costs, actual cash value and particulars of amount of 
loss claimed,

ii) stating when and how the loss occurred, and if 
caused by fire or explosion due to ignition, how the 
fire or explosion originated, so far as the Insured 
knows or believes,

iii) stating that the loss did not occur through any wilful 
act or neglect or the procurement, means or 
connivance of the Insured,

iv) showing the amount of other insurance and the 
names of other Insurers,

v) showing the interest of the lnsured and of all others 
in the property with particulars of all liens, 
encumbrances and other charges upon the property,

vi) showing any changes in title, use, occupation, 
location, possession or exposures of the property 
since the issue of the contract,

vii) showing the place where the property insured was 
at the time of loss,

c) if required give a complete inventory of undamaged 
property and showing in detail quantities, cost, actual cash 
value;

d) if required and if practicable, produce books of account, 
warehouse receipts and stock lists, and furnish invoices and 
other vouchers verified by statutory declaration, and 
furnish a copy of the written portion of any other contract.

2. The evidence furnished under Clauses 1 (c) and (d) of this 
condition shall not be considered proofs of loss within the 
meaning of Statutory Conditions 12 and 13.

7. Fraud
Any fraud or wilfully false statement in a statutory declaration in 
relation to any of the above particulars, vitiates the claim of the 
person making the declaration.

8. Who may give notice and proof
Notice of loss may be given, and proof of loss may be made, by the 
agent of the Insured named in the contract in case of absence or 
inability of the Insured to give the notice or make the proof, and 
absence or inability being satisfactorily accounted for, or in the like 
case, or if the Insured refuses to do so, by a person to whom any part 
of the insurance money is payable.

9. Salvage
1. The Insured in the event of any loss or damage to any property 

insured under the contract, shall take all reasonable steps to 
prevent further damage to any such property so damaged and to 
prevent damage to other property insured hereunder including, 
if necessary, its removal to prevent damage or further damage 
thereto.

2. The Insurer shall contribute pro rata towards any reasonable and 
proper expenses in connection with steps taken by the Insured 
and required under subparagraph 1 of this condition according to 
the respective interests of the parties.

10. Entry, control, abandonment
After loss or damage to insured property, the Insurer has an 
immediate right of access and entry by accredited agents sufficient to 
enable them to survey and examine the property, and to make an 
estimate of the loss or damage, and after the Insured has secured the 
property, a further right of access and entry sufficient to enable them 
to make appraisal or particular estimate of the loss or damage, but 
the Insurer is not entitled to the control or possession of the insured 
property, and without the consent of the Insurer there can be no 
abandonment to it of insured property.

11. Appraisal
In the event of disagreement as to the value of the property insured, 
the property saved or the amount of the loss, those questions shall 
be determined by appraisal as provided under the Insurance Act 
before there can be any recovery under this contract whether the 
right to recover on the contract is disputed or not, and independently 
of all other questions. There shall be no right to an appraisal until a 
specified demand therefor is made in writing and until after proof of 
loss has been delivered.

12. When loss payable
The loss is payable within sixty (60) days after completion of the proof 
of loss, unless the contract provides for a shorter period.

13. Replacement
1. The Insurer, instead of making payment, may repair, rebuild, or 

replace the property damaged or lost, giving written notice of its 
intention so to do within thirty days after receipt of the proofs 
of loss.

2. In that event the Insurer shall commence to so repair, rebuild or 
replace the property within forty-five (45) days after receipt of 
the proofs of loss, and shall thereafter proceed with all due 
diligence to the completion thereof.
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14. Action

Every action or proceeding against the Insurer for the recovery of 
any claim under or by virtue of this contract is absolutely barred 
unless commenced within one year next after the loss or damage

occurs.

15. Notice
Any written notice to the Insurer may be delivered at, or sent by 
registered mail to, the chief agent or head office of the Insurer in the

PRIVACY NOTICE

By purchasing insurance from certain Underwriters at Lloyd’s, London 
(“Lloyd’s"), a customer provides Lloyd’s with his or her consent to the 
collection, use and disclosure of personal information, including that 
previously collected, for the following purposes:

• the communication with Lloyd’s policyholders
• the underwriting of policies
• the evaluation of claims
• the detection and prevention of fraud
• the analysis of business results
• purposes required or authorised by law

For the purposes identified, personal information may be disclosed to 
Lloyd’s related or affiliated organisations or companies, their 
agents/mandataries, and to certain non-related or unaffiliated 
organisations or companies.

Further information about Lloyd’s personal information protection policy 
may be obtained from the customer’s broker or by contacting Lloyd’s on 
514 861 8361 or through info@lloyds.ca.

ONTARIO COMMERCIAL LIABILITY NOTICE
Notice to Insureds:

Pursuant to the
Freedom Of Information And Protection Of Privacy Act, R.S.O. 1990, 
c.F.31 (as amended)

Important
The notice below applies to insurance contracts containing non
automobile legal liability coverages in provinces where statistical data 
relating to such contracts must be reported to the Superintendent of 
Insurance.

Legal authority for collection
Insurance Act, R.S.O. 1990, c.I.8, section 101(1).

Principal purpose for which personal informtion is intended to be used 
Information collected by insurers from insureds or supplied to insurers 
pertaining to the attached document will be used:

• to compile aggregate statistical data to be used in monitoring trends 
in the insurance industry;

• to develop statistical exhibits to be used in monitoring the insurance 
industry;

• to respond to requests for customized statistical information on the 
insurance industry;

• to respond to inquiries on statistical information made to Office of 
the Superintendent of Insurance; and

• to use and disclose such information for purposes which are 
consistent with the previous clauses.

The Public Official who can answer questions about the collection is:
Manager, Statistical Services 
Financial Services Commission of Ontario 
5160 Yonge Street, 17th Floor 
Box 85
North York, Ontario M2N 6L9 
Telephone: (416) 250-7250 
Fax: (416) 590-7070

FOI (11/1999)

COMPLAINTS PROCEDURE
If you have a complaint with any aspect of your Lloyd’s insurance, please 
refer to the broker/agent who arranged your policy for you.

OR

You may contact the General Insurance OmbudService (GIO) who will 
contact Lloyd’s on your behalf. The GIO can be reached at:

GIO - Atlantic Provinces
(902) 429-2730 
Toll-free: 1-800-565-7189
Website: www.gio-scad.org

GIO - British Columbia & Yukon
(604) 684-3635 
Toll-free: 1-877-772-37777
Website: www.gio-scad.org

GIO - Ontario
(416) 362-9528 
Toll-free: 1-800-387-2880
Website: www.gio-scad.org

GIO - Prairies, Northwest Territories & Nunavut
(780) 423-2212 
Toll-free: 1-800-377-6378
Website: www.gio-scad.org

Province of Quebec
GIO
(514) 288-6015

Toll-free: 1-800-361-5131
Website: www.gio-scad.org

OR

Autorite des marches financiers (l’Autorite)
Quebec City (418) 525-0311 
Montreal (514) 395-0311 
Toll-free: 1-866-526-03 11
E-mail: Renseignements-consommateur@lautorite.qc.ca
GIO - Alberta
(780) 421-8181
Toll-free: 1-888-421-4212
Website: www.gio-scad.org

For more information or to submit the facts of your insurance-related 
dispute, please visit the GIO website at www.gio-scad.org.

Should you be dissatisfied with the outcome of your broker’s resolution 
or with the GIO’s / l’Autorite’s assistance, please submit your written 
complaint to:

Lloyd’s Canada Inc.
Broker Management Services 
1155 rue Metcalfe, Suite 2220 
Montreal, Quebec H3B 2V6 
Tel: 1-877-4 LLOYDS
Fax: (514) 861-0470
E-mail: lineage@lloyds.ca

CFC Underwriting Limited is Authorised and Regulated by the Financial Conduct Authority
©1999-2012 CFC Underwriting Ltd, All Rights Reserved CFC A&E CAN V1.7
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Your written complaint will be forwarded to Lloyd’s Complaints 
Department in London which ensures that Lloyd’s Underwriters and their 
representatives deal with claims and complaints in an acceptable manner. 
It acts as an impartial mediator. When undertaking a review this 
Department takes account of general legal principles, good insurance 
practice, and whether all events surrounding a given case have been 
considered fairly.

If you are dissatisfied with Lloyd’s final letter, you may ask the GIO to 
arrange for mediation. Mediation is not available until Lloyd’s has issued 
its final letter of position on your complaint.

In Quebec you may also avail yourself of the services of l’Autorite who 
will study your file and may recommend mediation, if it deems this action 
appropriate and if both parties agree to it.

GIO - Alberta can be contacted where a policyholder is not satisfied with 
the basis on which a premium for basic coverage for a private passenger 
vehicle was determined, or considers that an insurer, directly or indirectly, 
has taken an adverse contractual action with respect to insurance for basic 
coverage.

SUBSCRIPTION NOTICE

IN CONSIDERATION OF THE INSURED having paid or agreed to pay 
each of the INSURERS named in the List of Subscribing Companies 
forming part hereof, or to INSURERS whose names are substituted 
therefor or added thereto by endorsement, hereinafter called “THE 
INSURERS", the Premium set against its name in the List of Subscribing 
Companies (attached hereto),

THE INSURERS SEVERALLY AND NOT JOINTLY agree, each for the 
Sum(s) Insured or Percentage(s) and for the Coverage(s) Insured set 
against its name in the List of Subscribing Companies, and subject always 
to the terms and conditions of this Policy, that if a loss occurs for which 
insurance is provided by this Policy at any time while it is in force, they 
will indemnify the INSURED against the loss so caused; the liability of 
each insurer individually for such loss being limited to that proportion of 
the loss payable according to the terms and conditions of this Policy which 
the Sum Insured or the amount corresponding to the Percentage set 
against its name in the List of Subscribing Companies, or such other sum 
or percentage as may be substituted therefor by endorsement, bears to

the total of the sums insured or of the amounts corresponding to the 
percentages of the sums insured respectively set out against the coverage 
concerned on the Declarations page(s).

Wherever in this Policy, or in any endorsement attached hereto, reference 
is made to “The Company", “The Insurer", “This Company", “we", “us", 
or “our", reference shall be deemed to be made to each of the Insurers 
severally.

This policy is made and accepted subject to the foregoing provisions, and 
to the other provisions, stipulations and conditions contained herein, 
which are hereby specially referred to and made a part of this Policy, as 
well as such other provisions, agreements or conditions as may be 
endorsed hereon or added hereto.

IN WITNESS WHEREOF THE INSURERS through their representative(s) 
duly authorized by them for this purpose have executed and signed this 
Policy.

CFC Underwriting Limited is Authorised and Regulated by the Financial Conduct Authority
©1999-2012 CFC Underwriting Ltd, All Rights Reserved CFC A&E CAN V1.7
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Hidden Insurance Risk Lurks in Property 
Leases
By Gloria Vogel, CFA | August 21, 2013

The RF Radiation Risk Factor

In February 2013, AM Best classified RF (radio frequency) radiation from wireless antennas as 
an “Emerging Technology-Based Risk.” This was based, in part, on an estimated 250,000 
workers per year who may be over-exposed to RF radiation from the 600,000 governmental and 
commercial RF radiating antenna systems across the nation.

The FCC recognizes RF radiation from transmitting antennas as a human health hazard, as a 
single RF transmitting antenna can emit hundreds of times more RF radiation than a cell phone. 
RF radiation hazards from transmitting antennas can cause thermal and non-thermal or 
cognitive/psychological injuries. Non-thermal or cognitive/psychological injuries do not 
necessarily have a physical manifestation. Cognitive/psychological RF injuries include memory 
loss, mood disorders, sleep disorders, and impaired or diminished cognitive function.

RF radiation injuries should be of concern to insurers, especially since their exposure to the risk 
is hidden within the lease contracts between the commercial wireless service providers (CWSPs) 
and landlords who lease space to those CWSPs for antenna systems.

The Property Leases:

Landlords who lease space to the CWSPs are completely unaware of the potential for injury from 
RF transmitting antennas and that they will be held liable for such injures. Typical site leases 
include a mutual indemnification clause, which would appear to protect the landlords from 
personal injuries that may be caused by the CWSPs’ antennas. However to enforce the 
indemnity provision, the landlords must demonstrate that the primary cause of injury was the 
fault of the CWSPs.



CWSPs will take the position that it was the landlords who permitted access to the RF hazard 
area near the antennas, which was the proximate cause of the injury; or, that injury could have 
been prevented by the landlords controlling access to the RF hazard areas. So, in reality, the 
lease language indemnity provision merely buys the landlords and their insurers a lawsuit against 
well-financed CWSPs with a litany of possible legal defenses.

Who Has Liability for RF injuries?

The CWSPs employ hundreds of RF engineers and are the technical experts on anything 
involving RF radiation and its ability to cause injury to humans. Accordingly, prior to the lease 
being signed, the CWSPs have a “Duty to Warn” the unsuspecting landlords, and their insurers, 
of the RF radiation hazards associated with the lessee’s equipment.

By not divulging pertinent RF hazard information in the leases, the CWSPs may be attempting to 
use the 1996 Telecom Act as a shield in not warning the landlords. The Act precludes any 
discussion of RF radiation at municipal siting hearings. However, there is nothing contained in 
the language that enjoins the CWSPs from not informing the landlords of the hazards associated 
with RF radiation in the lease agreements they unilaterally create. Their actions are based solely 
on a business decision that has been used by other industries in the past... never mention the 
physical harm to humans that the product produces.

A landlord with full knowledge of their financial exposure to the liability assumed with the lease 
would likely either demand a greater monthly fee, or would decline permission to site on their 
property. It stands to reason that no business person would trade hundreds of thousands or more 
in attorney and legal fees associated with an RF injury, for a few thousand dollars of rental 
income per month.

Legal Recourse

Once a lease has been executed without proper disclosure, “Fraud in the Inducement” can be 
alleged by the landlord asserting that the CWSP concealed material facts associated with the 
hazards of their operations/equipment. The CWSP will have known at the time of negotiating the 
contract that by not disclosing those material facts, the landlord might be more inclined to sign 
the lease. Additionally, theories of “Intentional and Negligent Misrepresentation of Material 
Facts” may be brought against the CWSP.

Finally, there will be insistence that the CWSP has a “Non-Delegable Duty” to ensure full 
compliance with the FCC RF human exposure standard. Federal law, 47 CFR 1.130, establishes 
the FCC licensee’s (CWSP) duty regarding RF safety, which cannot be transferred to the 
landlord.

Lack of Claims Doesn’t Mean Lack of Claimants

The insurers should not rely on the lack of RF injury claims to proclaim there isn’t a significant 
RF injury problem with workers being exposed to RF radiation on a daily basis. The lack of 
claims is the result of injured parties being unaware that they were over-exposed to RF 
radiation. Just one plaintiff’s attorney with an aggressive media campaign can quickly alter this

http://www.claimsjournal.com/news/national/2012/11/29/218257.htm


lack of knowledge. As the population of workers becomes aware of the hidden RF hazards and 
their potential for exposure, claims will likely be filed by the thousands, and long term litigation 
will result, in similar manner to the way asbestos evolved.

based Drexel Hamilton, a service disabled veteran broker-dealer. She also teaches finance and 
metrics to graduate students as an adjunct professor at NYU-SCPS. Previously, Vogel was a 
contributing author on www.seekingalpha.com. She worked at Swiss Re and was an All-Star 
equity research insurance analyst at several major investment banks, including Lehman Brothers 
and Bear Stearns.

Source: http://www.claimsjournal.com/news/national/2013/08/21/235352.htm
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Italian Supreme Court Rules Cell Phones 
Can Cause Cancer
What are the implications of this ruling for the United States?

Oct. 19, 2012 - PRLog -- Contrary to the denials of many heath agencies in the U.S. and in some 
other countries, the Italian Supreme Court has recognized a “causal” link between heavy mobile 
phone use and brain tumor risk in a worker's compensation case.

The Italian courts dismissed research co-financed by the mobile phone industry including the 
WHO Interphone study due to concerns about conflict of interest.

Instead, the courts relied on independent research conducted by Lennart Hardell and his 
colleagues in Sweden which showed consistent evidence of increased brain tumor risk associated 
with long term mobile phone use. Last year, the Hardell research was heavily relied upon by 31 
experts convened by the WHO who classified radiofrequency energy, including cell phone 
radiation, as "possibly carcinogenic" in humans.

In our review of the cell phone use - tumor risk research published in the Journal of Clinical 
Oncology in 2009, we found that research co-financed by the Telecom industry was unlikely to 
report evidence of tumor risk and employed poorer quality research methods than independently- 
funded research. Moreover, in more recently published research, authors of studies co-financed 
by the industry dismissed as artifactual the evidence of increased brain tumor risk they found in 
children as well as adults.

In our paper, we raised concerns that conflicts of interest may have affected the conduct of the 
research and biased the reporting of it. In our rebuttal to three letters to the editor submitted by 
individuals with industry affiliations or funding, we called on governments to fund cell phone 
radiation research that is independent of industry in order to avoid even the appearance of a 
conflict of interest.

Since there are now more than 330 million cell phone subscribers in the U.S., an annual fee of 50 
cents on each cell phone would generate sufficient resources to fund high quality, independent 
research that could promote safer technology development and fund a community education 
program about safer cell phone use.

Although 12 nations and the European Union have issued precautionary health warnings 
regarding mobile phone use, the U.S. has been in denial. The Telecom industry has blocked 
numerous attempts to pass cell phone warning legislation at the Federal, state, and city level.
The industry even refused to support a bill in the California legislature by Senator Mark Leno 

that would simply remind consumers to read the safety information that is currently printed in 
their cell phone user manuals.

http://www.prlog.org/


Only one city has been able to overcome intense lobbying by the Telecom industry. San 
Francisco adopted cell phone “right to know” legislation two years ago, but the Telecom industry 
(i.e., CTIA-The Wireless Association) blocked implementation of this law by filing a lawsuit 
claiming that the court-approved fact sheet violates the industry’s First Amendment rights. The 
CTIA also moved its annual conference from San Francisco to punish the city.

The evidence of harm from cell phone radiation has been increasing so it is only a matter of time 
before lawsuits filed in U.S. courts by cell phone radiation victims will be successful. The 
Insurance industry will not provide product liability insurance due to concerns that juries will 
find that the Telecom industry has behaved much like the Tobacco and Asbestos industries. So 
the Telecom industry could be faced with paying huge damages to individuals and governments.

The Telecom industry could become good corporate citizens, reduce potential product liability 
and protect consumers' health by allowing the FCC to adopt stronger regulations, by promoting 
precautionary safety warnings and by encouraging government to support independent research 
to promote safer wireless technologies.

Otherwise taxpayers may be forced to bail out yet another industry too big to fail.

For more information on the Italian Supreme Court ruling see: 
http://www.reuters.com/article/2012/10/19/italy-phones-id...

Joel M. Moskowitz, Ph.D.
Center for Family and Community Health 
School of Public Health 
University of California, Berkeley

--- End ---
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Latest Press Releases By “UC Berkeley Center for Family and Community 
Health”

• Berkeley's Proposed Cell Phone "Right to Know" Ordinance
• iPhone 6 SAR: Radiation Levels and Separation Distance
• CDC Retracts its Precautionary Health Warning about Cell Phone Radiation
• CDC Issues Precautionary Health Warnings about Cell Phone Radiation
• FCC: 98 Scientific Experts Demand Stronger Regulation of Cellphone Radiation

More...

Trending News...

• The Hype Magazine Launches Fan Contest with 2015 Emmy Finalist
• In The Book Of Celeste, God Calls On A Teenage Blogger To Help Save The World
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MOTIONS/RESOLUTIONS PRESENTED TO 
THE LOS ANGELES CITY BOARD OF EDUCATION FOR CONSIDERATION

SUBJECT: Wireless Telecommunication Installations 

DATE NOTICED: 5-12-09
PRESENTED FOR ACTION: 5-26-09

PRESENTED BY: Ms. Korenstein MOVED/SECONDED BY: Ms. Korenstein
Ms. LaMotte

MOTION: RESOLUTION: X

Whereas, The health and safety of our students and employees are fundamental concerns of the Los Angeles 
Unified School District;

Whereas, On June 27, 2000, the Governing Board of the Los Angeles Unified School District adopted a 
resolution opposing the siting of cellular facilities on or in close proximity to schools to ensure individuals, 
especially children, are protected from the potential health effects associated with exposures to extremely low 
frequency electromagnetic and radio-frequency radiation;

Whereas, The District has been successful in restricting the placement of wireless communication 
installations on its school facilities, it has had limited success in preventing wireless service facilities from 
siting near its schools due to apparent restrictions placed upon zoning authorities to consider the health and 
environmental effects of radio-frequency radiation;

Whereas, The desire of the wireless companies to market new wireless services has since led to a proliferation 
of cellular facilities targeting residential areas and areas near schools;

Whereas, Wireless infrastructure is being deployed at an unprecedented speed and cellular facilities have been 
approved without proper justification and proof that the placement is to serve existing demand or provide 
public safety benefits;

Whereas, Serious concerns exist regarding wireless permits approved near schools without proper notification 
to school officials and nearby property owners or proper review and oversight of the wireless applications;

Whereas, Cities, counties, and local municipalities have relied upon Section 704 of the Federal 
Telecommunications Act of 1996 to preempt local communities and school districts from opposing the 
placement, construction, and modification of personal wireless service facilities on the basis of environmental 
effects of radio-frequency emissions to the extent that the proposed facilities comply with the Federal 
Communications Commission regulations concerning such emissions;

Whereas, Cities, counties, and local municipalities have not had to demonstrate that these telecommunication 
facilities comply with the Federal Communications Commission regulations concerning radio-frequency 
emissions as they relate to multiple-transmitter sites and complex environments whereby all significant 
contributions to environmental exposures are cumulatively considered;
Whereas, Based upon new and emerging scientific evidence there continues to be considerable debate as to 
the adequacy of existing public exposure standards including those promulgated by the Federal 
Communications Commission;



SUBJECT: Wireless Telecommunication Installations

Whereas, The full Parliament of the European Union has raised concerns about the exposure of children and 
young people to electromagnetic fields and continuing uncertainties about possible health risks; and therefore, 
adopted on April 2, 2009 a resolution encouraging 1) the establishment of setback criteria for wireless 
antennas, mobile phone masts and other electromagnetic emitting devices to be set within a specific distance 
from schools and health institutions, 2) stricter regulations and protections for residents and consumers and 3) 
more reliable information be made available about the effects of exposure to electromagnetic fields to citizens 
in an effort to prevent a "proliferation of poorly positioned masts and transmitters;”

Whereas, The Federal Communications Commission is obliged to conduct periodic reviews of current 
research and analysis of the health implications associated with radio-frequency exposures in cooperation 
with industry, agency, and organizations responsible for community health and safety to ensure exposure 
guidelines are appropriate and scientifically valid; therefore, be it

Resolved, That the Governing Board of the Los Angeles Unified School District directs the Office of 
Environmental Health and Safety to request local jurisdictions to provide timely notification when new 
cellular permit applications are filed and provide comment on the health risks from the proposed facility as it 
relates to compliance with existing Federal Communications Commission regulations associated with 
cumulative exposures;

Resolved further, That the Board supports responsible deployment of fiber optic broadband technology, 
which is superior to wireless technology in speed, reliability, security, durability and protections it affords 
people and the environment from the potential hazards of exposure to radio-frequency radiation; and be it 
finally

Resolved, That the Board requests the County of Los Angeles, the Los Angeles City Council and all local 
jurisdictions that the District serves to join them in passing a resolution in favor of revising Section 704 of the 
Federal Telecommunications Act of 1996’s preemption of consideration of the health and environmental 
effects of radio-frequency radiation at levels below current Federal Communication Commission standards in 
decisions involving the placement, construction and modification of wireless facilities, and in favor of 
amending the California Public Utilities Code to grant local governments authority to regulate wireless 
facilities in public rights of way pursuant to local planning and zoning ordinances, to be sent to Sacramento 
and Washington, D.C.

AYES NOES ABSTAIN ABSENT

Ms. Canter x
Ms. Korenstein x
Ms. LaMotte x
Dr. Vladovic x
Ms. Galatzan x
Ms. Flores Aguilar x
Ms. Garcia x
TOTAL 6 1

ACTION: ADOPTED



Thursday, December 10, 2009

LAUSD Calls for Increased Setbacks, Advance Notification 
on Locations Near Schools
Posted By: Editor Utility Technologies

After approving a resolution earlier this year banning cell sites on school property,LAUSD 
passed another resolution this week calling for increased setbacks and advance 
notification from all parties for any cell sites near its schools. Board member Richard 
Vladovick spearheaded the resolution (co-authored by board member Martinez) approved 
December 8. The resolution addresses Vladovick’s 7th District school families' objections to the 
T-Mobile site across the street from a San Pedro elementary' school:

T-Mobile Cell Tower Notification and Condemnation (Waiver of Board 
Rule 72)

Whereas, The health and safety of our students and employees are 
fundamental concerns of the Los Angeles Unified School District;

Whereas, On June 27, 2000 and May 26, 2009, the Governing Board of the 
Los Angeles Unified School District adopted resolutions opposing the 
siting of cellular facilities on or in close proximity to schools to ensure 
individuals, especially children, are protected from the potential health 
effects associated with exposures to extremely low frequency 
electromagnetic and radiofrequency radiation;

Whereas, The District has been successful in restricting the placement of 
wireless communication installations on its school facilities, but it has had 
limited success in preventing wireless service facilities from siting near its 
schools due to apparent restrictions placed upon zoning authorities to 
consider the health and environmental effects of radio-frequency 
radiation;

Whereas, The desire of the wireless companies to market new wireless 
services has since led to a proliferation of cellular facilities targeting 
residential areas and areas near schools;

Whereas, Wireless infrastructure is being deployed at an unprecedented 
speed and cellular facilities have been approved\vithout proper ’
justification and proof that the placement is to serve existing demand or 
provide public safety benefits;



f .
| Whereas, Serious concerns exist regarding wireless permits approved near 

schools without proper notification to school officials and nearby property 
1 owners or proper review and oversight of the wireless applications;

I- Whereas, Cities, counties, and local, municipalities have relied upon
[ Section 704 of the Federal Telecommunications Act of 1996 to preempt 
!: local communities and school districts from opposing the placement,
[ construction, and modification of personal wireless service facilities on the 
I basis of environmental effects of radio-frequency emissions to the extent 
l that the proposed facilities comply with the Federal Communications
I Commission regulations concerning such emissions;
!

Whereas, Cities, counties, and local municipalities have not had to 
demonstrate that these telecommunication facilities comply with the 
Federal Communications Commission regulations concerning radio
frequency emissions as they relate to multiple-transmitter sites and 
complex
environments whereby all significant contributions to environmental 
exposures are cumulatively considered;

Whereas, Based upon new and emerging scientific evidence there 
continues to be considerable debate as to the adequacy of existing public 
exposure standards including those promulgated by the Federal 
Communications Commission;

Whereas, The full Parliament of the European Union has raised concerns 
about the exposure of children and young people to electromagnetic fields 
and continuing uncertainties about possible health risks; and, therefore, 
adopted on April 2, 2009 a resolution encouraging x) the establishment of 
etback criteria for wireless antennas, mobile phone masts and other 
electromagnetic emitting devices to he set within a specific distance from 
schools and health institutions, 2) stricter regulations and protections for 
residents and consumers and 3) more reliable information be made

in an effort to prevent a “proliferation of poorly positioned masts and 
transmitters ”;

Whereas, The Federal Communications Commission is obliged to conduct 
periodic reviews of current research and analysis of the health 
implications associated with radio-frequency exposures in cooperation



with industry, agency, and organizations responsible for community 
health and safety to ensure exposure guidelines are appropriate and 
scientifically valid;

Whereas, T-Mobile has refused to consider and implement the requested 
changes by placing a cell tower on th e comer of Westmont and Taper 
Avenues, located approximately 40 feet from Taper Elementary School,

Whereas, T-Mobile has refused to considered alternate locations for 
placement of the cell tower,

Whereas, T-Mobile or any responsible agency has failed to properly notify 
the District of the placement of this cell tower located next to a school,

Whereas, T-Mobile or any responsible agency has failed to properly notify 
the community or parents in the area surrounding the proposed cell tower; 
now, therefore be it

Resolved, That the Governing Board of the Los Angeles Unified School 
District directs the Superintendent to request local jurisdictions to provide 
timely notification when new cellular permit applications are filed and 
provide comment on the health risks from the proposed facility as it 
relates to compliance with existing Federal Communications Commission 
regulations associated with cumulative exposures;

Resolved further, That the Board requests that the County of Los Angeles 
Board of Supervisors, the Los Angeles City Council and all local 
jurisdictions that the District serves join in passing a resolution in 
demanding the revision of Section 704 of the Federal Telecommunications 
Act of 1996*8 preemption of consideration of the health and environmental 
effects of radio-frequency radiation at levels below current Federal 
Communication Commission standards in decisions involving the 
placement, construction and modification of wireless facilities, and in 
favor of amending the California Public Utilities Code to grant local 
governments authority to regulate wireless facilities in public rights of way 
pursuant to local planning and zoning ordinances;

Resolved further, That the Board requests that the Department of Water 
and Power or any other responsible agency call for the removal of any cell
phone towers within 200 feet of a school campus;

. ;



: Resolved further, That the Board requests that T-Mobile immediately 
remove the cell phone tower located adjacent to Taper Avenue Elementary 
School or any responsible agency use all available legal means to remove 

I the cell phone tower; and be it finally

Resolved, That the Board expresses its most serious condemnation of T- 
Mobile’s construction of the cell phone tower adjacent to Taper Avenue 
Elementary School and urges T-Mobile to remove the cell phone tower to 
avoid serious damage to its brand in the District and the community at 
large. ■ "
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MASSACHUSETTS 
GENERAL HOSPITAL

Martinos Center for Biomedical Imaging 
149 13th Street, Room 10.018 

Boston, Massachusetts 02129 
Phone: (617) 724-5920 

Fax: (617) 812-6334 
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TO: Los Angeles Unified School District
FROM: Martha R Herbert, PhD, MD 
RE: Wireless vs. Wired in Classrooms
DATE: February 8, 2013

I am a pediatric neurologist and neuroscientist on the faculty of Harvard Medical School and on staff at 
the Massachusetts General Hospital. I am Board Certified in Neurology with Special Competency in 
Child Neurology, and Subspecialty Certification in Neurodevelopmental Disorders.

I have an extensive history of research and clinical practice in neurodevelopmental disorders, 
particularly autism spectrum disorders. I have published papers in brain imaging research, in 
physiological abnormalities in autism spectrum disorders, and in environmental influences on 
ndurodevelopmental disorders such as autism and on brain development and function.

I recently accepted an invitation to review literature pertinent to a potential link between Autism 
Spectrum Disorders and Electromagnetic Frequencies (EMF) and Radiofrequency Radiation (RFR). I set 
out to write a paper of modest length, but found much more literature than I had anticipated to review.
I ended up producing a 60 page single spaced paper with over 550 citations. It is available at 
http://www.bioinitiative.org/report/wp-content/uploads/pdfs/sec20 2012 Findings in Autism.pdf.

In fact, there are thousands of papers that have accumulated over decades - and are now accumulating 
at an accelerating pace, as our ability to measure impacts become more sensitive - that document 
adverse health and neurological impacts of EMF/RFR. Children are more vulnerable than adults, and 
children with chronic illnesses and/or neurodevelopmental disabilities are even more vulnerable.
Elderly or chronically ill adults are more vulnerable than healthy adults.

Current te chnologies were designed and promulgated without taking account of biological impacts 
other than thermal impacts. We now know that there are a large array of impacts that have nothing to 
do with the heating of tissue. The claim from wifi proponents that the only concern is thermal impacts 
is now definitively outdated scientifically.

EMF/RFR from wifi and cell towers can exert a disorganizing effect on the ability to learn and remember, 
and can also be destabilizing to immune and metabolic function. This will make it harder for some 
children to learn, particularly those who are already having problems in the first place.

Treatment Research And NeuroSCience Evaluation of NeuroDevelopmental Disorders

http://www.transcendresearch.org
mailto:transcend@partners.org
mailto:mherbert1@partners.org
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Powerful industrial entities have a vested interest in leading the public to believe that EMF/RFR, which 
we cannot see, taste or touch, is harmless, but this is not true. Please do the right and precautionary 
thing for our children

I urge you to step back from your intention to go wifi in the LAUSD, and instead opt for wired 
technologies, particularly for those subpopulations that are most sensitive. It will be easier for you to 
make a healthier decision now than to undo a misguided decision later.

Thank you.

Martha Herbert, PhD, MD 
Pediatric Neurology
Martinos Center for Biomedical Imaging 
Massachusetts General Hospital 
Harvard Medical School 
Boston, Massachusetts 
USA
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Objectives: This study is concerned with assessing the role of exposure to radio frequency radiation (RFR) 
emitted either from mobiles or base stations and its relations with human's hormone profiles.

Design and methods: All volunteers' samples were collected for hormonal analysis.
Results: This study showed significant decrease in volunteers' ACTH, cortisol, thyroid hormones, prolactin 

for young females, and testosterone levels.
Conclusion: The present study revealed that high RFR effects on pituitary-adrenal axis.

© 2011 The Canadian Society of Clinical Chemists. Published by Elsevier Inc. All rights reserved.

Introduction

Because of the increase in the usage of wireless communication 
devices of mobile phones in recent years, there is an anxious concern 
on the possible hazardous effects of prolonged exposure to radio fre
quency radiation (RFR) [1]. In considering the biological effects of 
RFR, the intensity and frequency of the radiation and exposure dura
tion are important determinants of the responses.

It has been reported that exposure to RFR could affect the nervous 
system [2]. Hardell et al. found that cell phone users had an increased 
risk of malignant gliomas [3]. Subjecting human spermatozoa to RFR 
showed decrease in sperms motility and vitality and increase in 
DNA fragmentation [4]. The authors hypothesize that the high spo
radic incidence of the clinical symptoms of the autoimmune multiple 
Sclerosis disease [5] may be a result of long exposure to RFR from 
mobiles.

This study is concerned with assessing the effect of RFR emitted 
from mobile phones and base stations on human hormone profiles, 
with anticipation to offer recommendations to assure health care 
and safety for humans continuously exposed to radio frequency 
radiation.

* Corresponding author at: Hormones Department, Medical Research Division, Na
tional Research Centre, Cairo, 12622, Egypt. Fax: +20 2 33370931.

E-mail address: gysi_pharma@yahoo.com (E.F. Eskander).

Design and methods

Study subjects

This study was conducted for 6 years on 82 mobile phone volun
teers with age ranges 14-22 years (n = 41) and 25-60 years 
(n = 41). Those users were divided into three subgroups according 
to the time of their exposure to RFR: (weak n = 19), (moderate 
n = 9), and (strong n = 13) per day, in addition to 20 negative control 
subjects.

On the other hand, volunteers exposed to RFR emitted from base 
stations (n = 34) were selected with age ranges 14-22 years 
(n = 17), and 25-60 years (n = 17) and living at distances 20-100 m 
and 100-500 m apart from the base station. Additional 10 subjects 
of each age range living at a distance more than 500 m apart from 
the base station were considered as negative control group.

The source of the RFR (base stations or mobile phones) was GSM- 
950 MHz magnetic field and the ICNIRP-Guidelines for limiting expo
sure to time-varying electric, magnetic, and electromagnetic field (up 
to 300 GHz) (International Commission on Non-Ionizing Radiation 
Protection). The present study was approved by the Ethics Committee 
of National Research Centre.

Volunteers inclusion criteria

Volunteers participated in the study fulfilled the following inclu
sion criteria: age 14-60 years, mobile phone users, or living at dis
tances 20-100 m and 100-500 m apart from the base station.

0009-9120/$ - see front matter © 2011 The Canadian Society of Clinical Chemists. Published by Elsevier Inc. All rights reserved. 
doi:10.1016/j.clinbiochem.2011.11.006
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Blood samples collection

Blood samples of the volunteers were analyzed for estimation of the 
following hormones: plasma ACTH, serum cortisol, total T3, T4, prolac
tin, progesterone, and testosterone levels. All volunteers followed for 
6 years and the blood samples were collected regularly from mobile 
phone users, volunteers exposed to RFR emitted from base stations, 
and the controls for time intervals after 1 year, 3 years and 6 years for 
hormonal analysis. The determination of the hormonal profile was per
formed on serum samples whereas ACTH was detected in EDTA plasma. 
The whole blood was collected in EDTA tube.

Blood samples were withdrawn from females to measure serum 
prolactin and progesterone levels. Whereas, blood samples were 
withdrawn from males to measure serum testosterone level. Blood 
samples were withdrawn from both males and females to measure 
plasma ACTH level, serum cortisol, total T3 and T4 levels.

Methods

Plasma ACTH, serum total T3, and T4 levels were determined quanti
tatively using DSL-ELISA Kits provided by (Diagnostic Systems Labora
tories Inc.). Measurement of serum cortisol level was carried out using 
ELISA kit provided by Adaltis Italia SPA Company (Italy). Serum prolac
tin, progesterone, and testosterone concentrations were measured 
using ELISA kit supplied by (DRG International, Inc., USA).

Statistical analysis

The data were analyzed using SPSS program (Statistical Package 
for the Social Science; SPSS Inc., Chicago, IL, USA, 2001).

Results

Volunteers mean hormone values

Follow up data were available for all volunteers who were ex
posed to RFR either from mobiles or base stations. The clinical fea
tures of all individuals were summarized in tables.

Tables 1 and 2 illustrate that persons of ages 14-22 years or 
25-60 years who were exposed, for time intervals extended to 
6 years, to RFR either from mobile phones or from base stations suffered 
significant decreases in their plasma ACTH and serum cortisol levels as 
compared to the control group. High significant decrease (P< 0.01) in 
plasma ACTH and serum cortisol levels was observed for persons ex
posed to RFR from base stations at distances extended from 20 to 
500 m for a period of 6 years as compared to the control group.

Tables 1 and 2, also show that persons of ages 14-22 years and 
25-60 years who were exposed, for time intervals extended to 
6 years, to RFR either from mobile telephones or from base stations suf
fered high significant (P< 0.01) decrease in their serum T3 and T4 levels.

Tables 1 and 2 show that young females (14-22 years) exposed to 
RFR from mobile phones or from base stations at distances 20-100 m 
and 100-500 m suffered decrease in their serum prolactin level and 
the rate of decrease significantly rose with increased time of exposure 
from 1 year up to 6 years. Conversely, the serum prolactin level for 
adult females (25-60 years) showed significant increase along the 
time of exposure 1 year up to 6 years.

Table 1 shows that serum progesterone levels in young and adult fe
males exposed to RFR from mobile phones were non-significantly chan
ged through exposure for 1 year up to 6 years as compared to healthy 
controls.

Table 2 shows that both young (14-22 years) and adult 
(25-60 years) females exposed to RFR from base stations did not suffer 
any change in their serum progesterone levels throughout the first year 
of exposure. However, with increasing exposure periods from 3 up to

6 years they suffered significant decrease in their serum progesterone 
levels.

Tables 1 and 2 illustrate that both young males (14-22 years) and 
adult males (25-60 years) exposed to RFR from mobile phones or 
from base stations experienced gradual decrease in their serum tes
tosterone level with increasing the period of exposure.

Discussion

The intensity and frequency of RFR and exposure duration are im
portant determinants of the cumulative effect that could occur and 
lead to an eventual breakdown of homeostasis and adverse health 
consequences. Therefore, greater commitment from policy makers, 
health care officials and providers is needed to raise public awareness 
about the hazardous outcomes of long term exposure to RFR.

As mentioned in our results, persons who were exposed to RFR 
suffered significant decreases in their ACTH and cortisol levels as 
compared to controls. This result is agreed with the previous study in
dicating that cortisol levels were decreased after exposure to RF [12]. 
The current result is in contradiction with a previous study indicating 
that electromagnetic fields have a slight elevation in human cortisol 
production [6] and with other previous study suggesting that cortisol 
concentration as a marker of adrenal gland function was not affected 
with RFR [11]. Djeridane et al. (2008) added that ACTH was not dis
rupted by RFR emitted by mobile phones [12].

Our results reveal that persons who were exposed to RFR either 
from mobile phones or base stations suffered highly significant de
crease in their serum T3 and T4 levels which agree in case of low T4 

levels and disagree in case of low T3 concentrations with previous 
study which suggested that serum T3 remains in normal range [7].

In the present study, females exposed to RFR from mobile phones or 
base stations suffered change in their serum prolactin level and the rate 
of change significantly rose with increased time of exposure which is in 
converse with previous studies indicating that serum prolactin concen
tration remained within normal ranges after exposure to radiocellular 
phones [8,12]. Therefore, it is suggested that the menstrual cycle and 
the pregnancy will be affected by changing the level of serum prolactin 
which seems necessary to be optimized in these two processes.

Our study suggested that serum progesterone levels in young and 
adult females exposed to RFR from mobile phones non-significantly 
changed from 1 year up to 6 years as compared to healthy controls. 
So, the menstrual cycle and pregnancy may not be affected by 
serum progesterone concentration. Previous study revealed that mi
crowaves produced significant increases in serum progesterone 
level only in pregnant rats [9].

In the present study, both young and adult males exposed to RFR 
from mobile phones or base stations experienced gradual decrease in 
their serum testosterone level with increasing the period of exposure 
which is almost the same as previously recent reported studies sug
gested that exposure to mobile radiation leads to reduction in serum 
testosterone and it possibly affects reproductive functions [10,11]. The 
present study is in converse with a previous study indicating that tes
tosterone was not disrupted by RFR emitted by mobile phones [12].

In conclusion, the present study revealed that high RFR emitted 
from either mobile phone or base station has tangible effects on pitu
itary-adrenal axis represented in the reduction of ACTH and conse
quently cortisol levels. Also, exposure to RFR is associated with 
decrease in the release of thyroid hormones.

Moreover, our data suggested that each of serum prolactin in 
young females, and testosterone levels in males significantly dropped 
due to long-term exposure to RFR. Conversely, the serum prolactin 
levels for the adult females significantly rose with increasing expo
sure time. Finally, the degenerative effects of exposure to RFR were 
more pronounced for persons who used mobile phones for long pe
riods of 6 years. Also, the effect of this type of radiation was more



Table 1
Plasma ACTH, serum cortisol, T3, T4, prolactin, progesterone, and testosterone of volunteers exposed to RFR from mobile phones.

Hormones Groups
(mean ± SE)

Controls Mobile phone users

1 Year 3 Years 6 Years 1 Year

Age1 Age2 Age1 Age2 Age1 Age2 Age1

S M W

Age2

S M W

Plasma ACTH (pg/mL) 61.1 ± 1.1 63.2±0.1 59.9 ± 0.2 62.3 ±1.0 59.9 ± 0.3 60.2 ±1.7 49.1 ±0.3b 55.0±1.1b 59.2±0.1ns 53.2 ± 1.2b 58.3 ± 0.4b 62.1 ±1.1NS
Serum cortisol (pg/mL) 30.0±1.2 31.2±0.1 30.0±0.1 31.7±0.3 29.9 ± 0.2 28.8±2.3 20.3 ±1.1b 27.3±0.1a 30.1 ± 0.3NS 23.9 ± 1.0b 28.2 ±0.9b 30.3 ± 1.1NS
Serum T3 (ng/dL) 105.2±1.3 102.0±1.1 101.7±1.2 98.6±2.1 103.6 ± 1.1 99.0±1.4 96.3 ± 1.2b 100.0±0.6b 102.1 ± 1.3ns 93.9 ±1.1b 98.1 ± 0.3a 99.0±0.7a
Serum T4 (pg/dL) 7.8 ± 0.6 6.9 ±1.4 7.7±1.1 6.5±0.7 7.1 ± 0.3 6.6±2.1 6.9±0.1ns 7.0 ±0.1NS 6.9 ±0.1NS 6.3 0.8b 6.2±1.2ns 6.0±1.0ns
Serum prolactin (ng/mL) 17.8 ± 1.1 17.2 ±1.2 17.3±1.1 16.9±1.3 17.0±2.1 16.8±0.5 14.9±1.4a 14.7±0.3a 17.3 ± 0.2ns 18.3 ±0.1a 16.9 ±0.3a 17.1 ± 0.2ns
Serum progesterone (pg/mL) 14.0±1.3 17.1 ±1.0 13.8±1.2 16.9±0.9 12.9±1.3 16.8±0.2 12.3 ± 1.1NS 12.2±1.2ns 14.1 ± 0.7NS 16.1 ±1.4NS 17.6±0.3ns 16.5 ± 0.4a
Serum testosterone (pg/mL) 29.5±1.2 25.2±1.6 28.9±1.8 24.3±0.6 28.4 ± 0.3 24.0 ± 0.1 25.2 ± 0.2a 24.9 ± 0.1a 23.7 ± 0.4a 22.7 ± 1.2a 23.8 ±0.4ns 19.9±0.1a

Age : represents age from 14 to 22 years, Age : represents age from 25 to 60 years.S: represents Strong, M: represents Moderate, W: represents Weak.N Control = 10, N Strong = 13, N Moderate = 9, N Weak = 19.Strong use: more than 
60 rfiin/day, Moderate use: between 30-60 mift/day, Weak use: less than 10 min/day.NS: non-significant change when comparing mobile phone users with controls. 
a Significant difference at P >0.05 when comparing mobile phone users with controls. 
b Significant difference at P>0.01 when comparing mobile phone users with controls.

Table 1 (continued)

Hormones 
(mean ± SE)

Groups

Mobile phone users

3 Years 6 Years

Age1 Age2 Age1 Age2

S M W S M W S M W S M W

Plasma ACTH (pg/mL) 45.3 ± 0.6b 51.2±1.3b 55.0 ± 1.1b 50.2 ± 0.4b 55.1 ± 1.1b 60.0±0.3b 40.3 ± 0.4b 41.3 ± 1.1b 47.2 ±0.2b 48.2 ± 0.4b 51.3 ± 1.3b 57.2±1.1b
Serum cortisol (pg/mL) 18.3 ± 1.4b 20.2±1.1b 25.1 ±0.1b 20.3 ±1.1b 25.9 ± 0.9b 20.3 ± 1.2b 18.0±0.1b 17.3 ± 1.1b 20.3 ± 0.2b 17.0 ±0.2b 22.0 ± 0.4b 24.1 ± 0.2b
Serum T3 (ng/dL) 87.2 ± 1.3b 90.2 ± 1.6b 94.3 ± 1.1b 89.8 ±1.1b 92.9 ± 1.3b 95.0 ±1.1b 80.3 ±1.1b 84.2 ± 0.5b 85.7 ±1.1b 83.2±1.3b 80.3 ± 1.1b 90.2 ±0.7b
Serum T4 (pg/dL) 7.9 ± 1.1b 7.6±1.7ns 7.1 ±1.3ns 6.4 ± 0.3ns 6.3 ± 0.8ns 6.1 ±0.3NS 10.5±0.1b 9.5±1.1ns 8.9 ± 0.4b 7.4 ± 0.9ns 7.7 ± 1.3ns 8.0±1.1ns
Serum prolactin (ng/mL) 17.4±1.2a 9.8 ±0.3b 9.7 ±0.1b 23.5 ± 0.2b 19.2 ±1.1b 18.7 ±0.9b 10.1 ± 1.0b 8.7±0.3a 8.7 ± 0.4ns 24.9 ±0.1b 21.1 ±0.3b 20.6 ±0.1b
Serum progesterone (pg/mL) 13.9±0.2ns 13.6 ±0.7ns 13.4±0.4ns 15.1 ±0.3a 14.9±0.1a 13.0±0.5b 12.9±0.2a 11.8±0.1a 10.9 ±0.3a 14.8±1.1b 13.5 ± 1.3ns 12.8 ±0.1NS
Serum testosterone (pg/mL) 19.8±0.1b 18.7 ±0.2a 16.5±0.1a 17.5 ± 0.2b 16.9 ±1.1a 16.1 ±0.3a 13.1 ±0.4b 12.7±0.2b 12.3 ±0.1b 11.1 ±1.1b 11.4±0.2b 9.8 ±0.3b
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Table 2
Plasma ACTH, serum cortisol, T3, T4, prolactin, progesterone, and testosterone of volunteers exposed to RFR from base stations.

Hormones (mean±SE) Groups

Controls (distance 500 m) Volunteers exposed to RFR from base stations

1 Year 3 Years 6 Years 1 Year

Age1 Age2 Age1 Age2 Age1 Age2 Age1 Age2

D1 D2 D1

Plasma ACTH (pg/mL) 62.8±1.2 58.3 ± 0.9 62.5 ± 0.3 58.4 ± 0.5 62.4±0.7 58.9 ± 0.1 61.9±0.2NS 62.3 ±0.1NS 57.9±1.3NS
Serum cortisol (pg/mL) 33.3±2.6 30.1 ±1.4 32.9 ±1.1 30.3 ±1.4 32.7±1.1 29.9 ±1.9 32.4±1.2NS 32.9 ±0.3NS 28.8 ± 1.6NS
Serum T3 (ng/ dl) 108.3 ±1.6 100.0±1.1 107.0±1.9 100.0±0.1 107.0±0.1 99.9±1.2 107.0 ± 1.1NS 107.9 ± 0.4ns 106.0 ±1.1NS
Serum T4 (pg/dL) 7.2±1.3 6.3±0.3 6.8±1.2 6.3 ± 0.1 6.7±1.2 6.2±2.4 6.9 ± 0.3ns 7.1 ±1.1NS 5.9±1.1ns
Serum prolactin (ng/mL) 18.3 ± 1.1 14.3±1.6 18.0±1.0 13.9±1.2 18.0±1.2 13.1 ±0.2 17.6 ± 0.2NS 17.6±1.3NS 19.1 ±0.3b
Serum progesterone (pg/mL) 12.4±1.1 10.0±0.8 12.3±1.6 10.0±0.5 12.2±1.9 9.8±2.4 12.3 ± 1.1NS 12.3 ±1.0NS 10.1 ±0.9ns
Serum testosterone (pg/mL) 27.1 ±0.3 24.2±1.1 26.3±1.1 23.2 ±1.3 25.8±1.4 22.9±2.1 243 ± 1.1b 24.9 ± 1.9ns 20.1 ±1.1b

Age!: represents age from 14 to 22 years, Age2: represents age from 25 to 60 years^: represents distance from 20 to 100 m, D^. represents distance from 100 to 500 m.N Control = 10, N Strong = 13, N Moderate = 9,N Weak = 19.NS: non
significant change when comparing persons exposed to base stations with controls. 
a Significant difference at P> 0.05 when comparing persons exposed to base stations with controls. 
b Significant difference at P>0.01 when comparing persons exposed to base stations with controls.

Table 2 (continued)

Hormones (mean±SE) Groups

Volunteers exposed to RFR from base stations

1 Year 3 Years 6 Years

Age2 Age1 Age2 Age1 Age2

D2 D1 D2 D1 D2 D1 D2 D1 D2

Plasma ACTH (pg/mL) 58.0 ± 0.9ns 51.8±1.7b 54.6±1.1b 54.2 ± 0.6b 45.2 ± 1.8ns 47.3 ± 1.3b 48.3 ± 1.4b 40.7±0.3b 43.1 ± 1.1b
Serum cortisol (pg/mL) 29.1 ± 1.3ns 27.2±1.2b 27.4±2.1ns 25.6±0.1b 26.6 ± 1.1NS 21.2±0.4b 22.4±1.1b 22.9±1.1b 24.2±0.3b
Serum T3 (ng/ dl) 100.1 ±0.2NS 97.3 ± 1.6b 98.1 ± 0.9b 97.4±1.1NS 98.2 ± 1.9NS 78.0±1.1b 82.3 ± 1.9b 91.3 ± 1.5b 93.4±1.9b
Serum T4 ( pg/dL) 6.1 ± 0.3NS 4.4±1.8ns 4.9 ±0.3ns 5.1 ± 0.3b 5.9 ± 0.8ns 2.7±0.1b 2.8±1.2b 3.8±1.2b 3.9±1.9b
Serum prolactin (ng/mL) 19.6 ± 1.1b 97.3 ± 1.6b 98.1 ± 0.9b 97.4±1.1ns 98.2 ± 1.9ns 78.0±1.1b 82.3 ± 1.9b 91.3 ± 1.5b 93.4±1.9b
Serum progesterone (pg/mL) 10.5 ± 1.1NS 4.4±1.8NS 4.9 ±0.3NS 5.1 ± 0.3b 5.9 ± 0.8NS 2.7±0.1b 2.8±1.2b 3.8±1.2b 3.9±1.9b
Serum testosterone (pg/mL) 20.3 ± 1.6ns 20.2 ± 0.4b 20.9 ±0.9b 18.1 ± 1.1b 18.6 ± 1.3b 11.8±0.3b 10.9±1.6b 15.3 ± 1.2b 16.1 ± 1.5b
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obvious for persons living nearby base stations and exposed for a pe
riod of 6 years.
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Polarization: A Key Difference 
between Man-made and Natural 
Electromagnetic Fields, in regard 
to Biological Activity
Dimitris J. Panagopoulos1'2'3, Olle Johansson4 & George L. Carlo5

In the present study we analyze the role of polarization in the biological activity of Electromagnetic 
Fields (EMFs)/Electromagnetic Radiation (EMR). All types of man-made EMFs/EMR - in contrast to 
natural EMFs/EMR - are polarized. Polarized EMFs/EMR can have increased biological activity, due to:
1) Ability to produce constructive interference effects and amplify their intensities at many locations.
2) Ability to force all charged/polar molecules and especially free ions within and around all living 
cells to oscillate on parallel planes and in phase with the applied polarized field. Such ionic forced- 
oscillations exert additive electrostatic forces on the sensors of cell membrane electro-sensitive ion 
channels, resulting in their irregular gating and consequent disruption of the cell's electrochemical 
balance. These features render man-made EMFs/EMR more bioactive than natural non-ionizing 
EMFs/EMR. This explains the increasing number of biological effects discovered during the past few 
decades to be induced by man-made EMFs, in contrast to natural EMFs in the terrestrial environment 
which have always been present throughout evolution, although human exposure to the latter ones 
is normally of significantly higher intensities/energy and longer durations. Thus, polarization seems 
to be a trigger that significantly increases the probability for the initiation of biological/health effects.

Man-Made EMR is more Active biologically than Natural Non-Ionizing EMR. A large 
and increasing number of studies during the past few decades have indicated a variety of adverse 
biological effects to be triggered by exposure to man-made EMFs, especially of radio frequency 
(RF)/microwaves, and extremely low frequency (ELF). The recorded biological effects range from alter
ations in the synthesis rates and intracellular concentrations of different biomolecules, to DNA and pro
tein damage, which may result in cell death, reproductive declines, or even cancer1-7. Under the weight of 
this evidence the International Agency for Research on Cancer (IARC) has classified both ELF magnetic 
fields and RF EMFs as possibly carcinogenic to humans8,9. The intensities of radiation and durations 
of exposure in all these studies were significantly smaller than those of corresponding exposures from 
natural EMFs in the terrestrial environment. Moreover, the field intensities applied in the studies were 
several orders of magnitude smaller than physiological fields in cell membranes, or fields generated by 
nerve and muscle excitations10,11.

Solar EMR intensity incident upon a human body ranges normally between 8 and 24 mW/cm2 
(depending on season, atmospheric conditions, geographical location, etc) while corresponding intensity 
from a digital mobile phone handset upon a human head during “talk” emission is normally less than
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0.2 mW/cm2 (Refs. 6,12,13). Similarly, terrestrial electric and magnetic fields, or infrared radiation from 
every human body at normal temperature, have significantly larger incident intensities and exposure 
durations on any human than most artificial EMF sources14-16. Why is then the first beneficial while 
the latter seem to be detrimental? In the present study we shall attempt to explain theoretically that 
the increased adverse biological action of man-made EMFs is due to the fact that they are polarized in 
contrast to the natural ones.

Man-Made EMR is Polarized, while Natural EMR is not. A field/wave is called linearly polarized 
when it oscillates on a certain plane which is called the “polarization plane”. A combination of linearly 
polarized fields/waves can give circularly or elliptically polarized fields/waves.

Natural EMR/EMFs (cosmic microwaves, infrared, visible light, ultraviolet, gamma rays) and several 
forms of artificially triggered electromagnetic emissions (such as from light bulbs with thermal fila
ments, gas discharge lamps, x-rays, lasers, etc.) are not polarized. They are produced by large numbers 
of molecular, atomic, or nuclear transitions of random orientation and random phase difference between 
them (except for the lasers which are coherent). These are de-excitations of molecules, atoms, or atomic 
nuclei17. Each photon they consist of oscillates on a distinct random plane, and therefore it has a different 
polarization. Moreover the different photons are not produced simultaneously but they have random 
phase differences among them.

In contrast, man-made electromagnetic waves are produced by electromagnetic oscillation circuits 
(“Thomson” circuits), forcing free electrons to oscillate back and forth along a metal wire (electric cir
cuit). Thus, they are not produced by excitations/de-excitations of molecules, atoms, or nuclei, and 
because the electronic oscillations take place in specific directions/orientations they are polarized (most 
usually linearly polarized). The plane of polarization is determined by the geometry of the circuit. [Lasers 
are coherent light emissions, not necessarily polarized, and condensed within a narrow beam with high 
intensity, but they may also be polarized]. Superposition of two fields of identical frequency and linear 
polarizations, equal amplitudes, and a phase difference 90° between them, or superposition of three such 
fields with a phase difference 120° between each two of them, and with specific geometrical arrangement, 
results in a circularly polarized field of the same frequency. The above combinations with unequal ampli
tudes results in elliptically polarized field of the same frequency18. Circularly and elliptically polarized 
50-60 Hz electric and magnetic fields are formed around 3-phase electric power transmission lines. These 
fields are accused for an association with cancer7,8.

Oscillating polarized EMFs/EMR (in contrast to unpolarized) have the ability to induce coherent 
forced-oscillations on charged/polar molecules within a medium. In case that the medium is biological 
tissue, the result is that all charged molecules will be forced to oscillate in phase with the field and on 
planes parallel to its polarization19,20. Several oscillating electromagnetic fields of the same polarization - 
such as the fields from different antennas vertically oriented - may also produce constructive interference 
effects and thus, amplify at certain locations the local field intensity, and the amplitude of oscillation 
of any charged particle within the medium (and within living tissue). At such locations, living tissue 
becomes more susceptible to the initiation of biological effects21.

Only coherent polarized fields/waves of the same polarization and frequency are able to produce 
standing interference effects (fringes of maximum and minimum intensity)22. When the polarization is 
fixed (e.g. vertically oriented antennas) but there are differences in coherence and/or frequency between 
the sources, the interference effects are not standing at fixed locations, but change with time creating 
transient peaks at changing locations.

Natural light from two or more different sources does not produce interference effects, except under 
the specific conditions of the Young experiment, where the light from a single source passes through two 
identical slits which - in turn - become two identical-coherent secondary sources18,23.

Unpolarized electromagnetic radiation can become polarized when it passes through anisotropic 
media, as are certain crystals. In fluids (gases and liquids) the molecules are randomly oriented, and 
macroscopically are considered isotropic inducing no polarization in the electromagnetic waves trans
mitted through them. Unpolarized natural light can become partly polarized to a small average degree 
after diffraction on atmospheric molecules, or reflection on water, mirrors, metallic surfaces, etc.18. Thus, 
living creatures exposed to natural radiation since the beginning of life on Earth, although have been 
exposed to partially polarized light at a small average degree under certain circumstances24,25, have never 
been exposed to totally polarized radiation as is EMR/EMFs of modern human technology.

Field Intensity versus Wave Intensity of electromagnetic waves. A plane harmonic electro
magnetic wave in the vacuum or the air has electric and magnetic field intensity components, given by 
the equations:

E = E0 sin (kwr - ut) (1)

B = B0 sin (kwr - ut) (2)
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r is the distance from the source, t is the time, u = 2nv = kw • c, is the circular frequency of the wave (v 
the frequency), and kw(=2n/A) is the wave number (A the wavelength).

The velocity of the electromagnetic wave (and of any wave), is:

c = X ■ v

The wave intensity J (“Poynting vector”), is:

J = ~C£qE2 = c2£0 E x B 

And the average value of its amplitude:

Jave ^ C^0E0

Thus, the wave intensity depends upon the square of the electric field intensity.

(3)

(4)

(5)

Superposition of Electromagnetic Waves/Fields
Superposition of Unpolarized EMR/EMFs. Consider two incoherent, unpolarized electromagnetic 
rays with electric components E1, E2, reaching a certain point P in space at a certain moment t in time. 
Let us assume for simplicity that the two waves are plane harmonic. The two vectors E1, E 2 due to the 
different polarizations oscillate on different planes. Since the two waves are not polarized, their polariza
tions vary randomly with time. The total angle ^ between the two vectors each moment is determined 
by the different polarizations, plus the different phases, and varies randomly in time.

The resultant electric field E (electric component of the resultant electromagnetic wave) each moment 
at point P, is given by the equation:

E = -JEj2 + E2 + 2E1E2 cos 0 (6)

E varies with time due to the temporal variations of Ej, E2, cos </>. But the average value of cos <fi is zero:

1 2n
I cos 0 d 0 = 0,

2n 0

and the averages of E2, E 2, and E 22 are E02/2, E021/2 and E022/2 respectively (E0, E01, E02 the amplitudes of 
E, Ej, E2).

The average resultant electric field is then:

Eave = J (E02j + E022) or E0 = E02j + ^2 (=constant)

and (according to Eq. 5):

Jave J1,ave + J2,ave( constant) (7)

Even when the two component waves have the same frequency and phase, due to the randomly 
changing polarizations, the result is still the same.

Thus, the total time average wave intensity due to the superposition of two (or more) rays of random 
polarizations (natural EMR/EMFs) is the sum of the two individual average intensities, and it is con
stant at every point and - macroscopically - there is no local variation in the resultant intensity, i.e. no 
interference effects.

Wave Intensity versus Field Intensity of Unpolarized EMR. Although the sum average wave 
intensity due to superposition of natural unpolarized waves is the sum of individual average intensities 
each one depending on the square amplitude of individual electric field (Eq. 7), the sum electric field 
from an infinite number of individual waves (as e.g. with natural light), is zero:

n

lim ^Ei = E1 + E 2 + E 3 + — + En = 0
ni=1 (8)

Let us explain this in more detail: Consider many photons of natural unpolarized light superposed 
on each other at a particular point in space. Let us assume for simplicity that these photons have equal 
amplitudes and are of the same frequency but have different polarizations meaning that their electric 
vectors have all possible orientations forming angles between each two of them from 0° to 360°. Since all 
possible orientations have equal probabilities, the superposition of a large number of such equal vectors 
applied on the same point in space will be the sum of vectors applied on the centre of a sphere with 
their ends equally distributed around the surface of the sphere. The sum of an infinite number of such
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vectors (all applied on the same point - centre of the sphere - and with their ends evenly distributed at 
all points of the sphere surface) tends to become zero.

In other words, at any given location, any moment, the sum electric field of a large number of incident 
photons of random polarization tends to be null, since the individual vectors are in all possible directions 
diminishing each other when superimposed (destructive interference of electric vectors). Similarly for 
the sum magnetic field:

n
lim ^Bj = 0

n^<» j=1

Thus, the result of superposition of a large number of incident natural waves is increased wave inten
sity, but negligible electric and magnetic fields approaching zero with infinite number of individual 
waves/photons. Since the electric forces on charged particles depend directly on electric and magnetic 
field intensities (E, B), but not on the wave intensity J, unpolarized EMFs/EMR cannot induce any net 
forced-oscillations on any charged particles (e.g. biological molecules). They may only induce heat, i.e. 
random oscillations in all possible directions due to momentary non-zero field intensities, but this does 
not result to any net electric or magnetic field, or to any net forced-oscillation of charged molecules.

Superposition of Coherent Polarized Waves/Fields of the same polarization. When two or 
more waves/fields of the same polarization and frequency are in addition coherent, in other words, when 
their phase difference at the location of superposition is:

p = 2nn, (with n = 1, 2, 3, ), (9)

the result is constructive interference, meaning that the resultant wave has an amplitude (intensity) equal 
to the sum of amplitudes of the single waves that interfere at the particular location.

When two waves of same polarization have opposite phases at another location, in other words, when 
their phase difference is:

p = (2n + 1) n, (10)

then the result of their superposition is destructive interference, i.e. a wave of the same polarization but 
with diminished intensity.

The electrical components of two such waves (plane harmonic waves of the same polarization and fre
quency) reaching a certain location after having run different distances r1, and r2 from their two coherent 
sources, are given by the equations:

E1 = E01 sin (kwr1 - ut) (11)

E2 = E02 sin (kwr2 - ut) (12)

Again, the amplitude E0 of the resultant electric field E (electric component of the resultant electro
magnetic wave), is:

Eo — "VE01 + E02 + 2E01E02 cos p (13)

where p = 2. (r1 — r 2) depending in this case only upon the difference in the distances run by the two 
waves, and not upon polarization.

At any location where: p = 2nn, Eq. 13 gives:

E0 = VE01 + E02 + 2E 01E02 (=1E01 + E 021) (14)

At these locations we have constructive interference.
At any location where: p = (2n + 1)n, Eq. 13 gives:

E0 = VE01 + E02 — 2E01E02 (=1E01 — E021) (15)

At these locations we have destructive interference.
The intensity of the resultant wave at any location is:

J = J1 + J 2 (16)

The amplitude of the resultant wave intensity will be, correspondingly:

J0 = C£0 (E01 + E02) (17)
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(at the locations of constructive interference), and

J0 = C£0 (E01 — E02) (18)

(at the locations of destructive interference).
Thus, at the locations of constructive interference, the electric field vectors of the two waves/fields 

are parallel and in the same direction, and both the resultant field and the resultant wave intensity are 
maximum (Eqs. 14 and 17).

For two identical sources (E01 = E02): E0 = 2E01 and J 0 = 4c £0£021 = 4J 01
For N identical sources:

E 0 = NE 01 (19)

and:

J 0 = N2 J 01 (20)

This is why series of parallel RF/microwave antennas are often used to produce high-intensity beams 
in certain directions18.

At the locations of destructive interference the electric field vectors of the two waves are anti-parallel, 
and thus, both the resultant field and the resultant wave intensity are minimum (Eqs. 15 and 18). For 
identical sources (E01 = E02): E = 0, J = 0.

Thus, for N number of polarized coherent electromagnetic sources of the same polarization, fre
quency, and different intensities, with electric components E1, E2, ..., EN, it comes that at the locations 
of constructive interference, the resultant electric field is the sum electric field from all the individual 
sources (e.g. antennas):

E — Ej + E 2 + E 3 + ... + En (21)

The bigger the number of coherent superimposed waves/fields (from the same or different sources), 
the higher and narrower the peaks18. That situation can create very sharp peaks of wave and field intensi
ties at certain locations, not easily detectable by field meters, where any living organism may be exposed 
to peak electric and magnetic field intensities. Such locations of increased field/radiation intensity, also 
called “hot spots”, were recently detected within urban areas, due to wave/field superposition from 
mobile telephony base towers21. Any location along the midperpendicular to the distance d between two 
antennas is a location of constructive interference in the case of two identical antennas.

Thus, the difference between superposition of unpolarized and polarized electromagnetic waves/ 
fields, is that while in the first case we have increased average wave intensity but zeroed net fields at any 
location, in the second case we have increased both wave intensity and fields at certain locations where 
constructive interference occurs. This difference is of crucial importance for understanding the differ
ences in biological activity between natural and man-made EMFs/non-ionizing EMR.

Induction of Forced-Oscillations in living tissue by Polarized EMFs
All critical biomolecules are either electrically charged or polar11. While natural unpolarised EMF/EMR 
at any intensity cannot induce any specific/coherent oscillation on these molecules, polarized man-made 
EMFs/EMR will induce a coherent forced-oscillation on every charged/polar molecule within biological 
tissue. This is fundamental to our understanding of the biological phenomena. This oscillation will be 
most evident on the free (mobile) ions which carry a net electric charge and exist in large concentra
tions in all types of cells or extracellular tissue determining practically all cellular/biological functions11. 
Although all molecules oscillate randomly with much higher velocities due to thermal motion, this has 
no biological effect other than increase in tissue temperature. But a coherent polarized oscillation of even 
millions of times smaller energy than average thermal molecular energy26 can initiate biological effects.

A forced-oscillation of mobile ions, induced by an external polarized EMF, can result in irregular gat
ing of electrosensitive ion channels on the cell membranes. That was described in detail in Panagopoulos 
et a/.19,20. According to this theory - the plausibility of which in actual biological conditions was verified 
by numerical test27 - the forced-oscillation of ions in the vicinity of the voltage-sensors of voltage-gated 
ion channels can exert forces on these sensors equal to or greater than the forces known to physio
logically gate these channels. Irregular gating of these channels can potentially disrupt any cell’s elec
trochemical balance and function11, leading to a variety of biological/health effects including the most 
detrimental ones, such as DNA damage, cell death, or cancer28.

Most cation channels (Ca+2, K+, Na+, etc) on the membranes of all animal cells, are voltage-gated11. 
They interconvert between open and closed state, when the electrostatic force on the electric charges of 
their voltage sensors due to transmembrane voltage changes, transcends some critical value. The voltage 
sensors of these channels are four symmetrically arranged, transmembrane, positively charged helical 
domains, each one designated S4. Changes in the transmembrane potential on the order of 30 mV are 
normally required to gate electrosensitive channels29,30. Several ions may interact simultaneously each
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moment with an S4 domain from a distance on the order of 1 nm, since - except for the single ion that 
may be passing through the channel pore when the channel is opened - a few more ions are bound close 
to the pore of the channel at specific ion-binding sites (e.g. three in potassium channels)31. Details on the 
structure and function of cation electrosensitive channels can be found in11,29,31.

Consider e.g. four potassium ions at distances on the order of 1 nm from the channel-sensors (S4), 
and an externally applied oscillating EMF/EMR. The electric (and the magnetic) force on each ion due 
to any unpolarized field is zero (Eq. 8). In contrast, the force due to a polarized field with an electrical 
component E, is F = Ezqe. For a sinusoidal alternating field E = E0 sin ut, the movement equation of a 
free ion of mass m, is19,20:

mi—I + Adt + mWo2r = Eozqe sin ut (22)

where r is the ion displacement due to the forced-oscillation, z is the ion’s valence (z = 1 for potassium 
ions), qe = 1.6x 10-19 C the elementary charge, A the damping coefficient for the ion displacement (cal
culated to have a value within a channel A = 6. 4 x 10-12Kg/s), u0 = 2nv0 (v0 the ion’s oscillation 
self-frequency taken equal to the ion’s recorded spontaneous intracellular oscillation frequency on the 
order of 0.1 Hz), u = 2nv (v the frequency of the field/radiation), and E0 the amplitude of the field19,20. 

The general solution of Eq. 22, is19,20:

r = E 0zqe
Xu Xu (23)

The term —oq in the solution, represents a constant displacement, but has no effect on the oscillating 
term ATh cos ut. This constant displacement doubles the amplitude Xkk of the forced-oscillation at the 
moment when the field is applied or interrupted, or during its first and last periods, and the ion’s dis
placement will be twice the amplitude of the forced-oscillation. For pulsed fields (such as most fields of 
modern digital telecommunications) this will be taking place constantly with every repeated pulse. Thus, 
pulsed fields are - theoretically - twice more drastic than continuous/non-interrupted fields of the same 
other parameters, in agreement with several experimental data1,32.

The amplitude of the forced-oscillation (ignoring the constant term in Eq. 23), is:

a -
Aw (24)

The force acting on the effective charge q of an S4 domain, via an oscillating single-valence free cation, 
is: F = j-1— • <q—q±, (r is the distance of the free ion from the effective charge of S4). Each oscillating 
cation displaced by dr, induces a force on each S4 sensor:

2nse0r3 (25)

While in the case of a non-polarized applied field Y,dr = 0, and Y,dF = 0, in the case of a polarized 
applied field, the sum force on the channel sensor from all four cations, is:

4dF = - 2 q qe dr
vs£0r3

This is an even more crucial difference between polarized and unpolarized EMFs in regard to biological 
activity than the ability of interference.

The effective charge of each S4 domain is found to be: q = 1.7 qe30. The minimum force on this charge 
required normally to gate the channel - equal to the force generated by a change of 30 mV in the mem
brane potential30 - is calculated19 to be:

dF = 8.16 x 10-13N.

The displacement of one single-valence cation within the channel, necessary to exert this minimum 
force is calculated from Eq. 25 to be:

dr = 4 x 10 12m

For 4 cations oscillating in phase and on parallel planes due to an external polarized field/radiation, 
the minimum displacement is decreased to: dr = 10-12 m.

Therefore, any external polarized oscillating EMF able to force free ions to oscillate with amplitude 
> 10-12m, is able to irregularly gate cation channels on cell membranes. For z = 1 (potassium ions), 

and substituting the values for qe, A on the last condition, we get:
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E0 > 0.25v x 10 ()

(v in Hz, E0 in V/m)
For double-valence cations (z = 2) (e.g. Ca+2) the condition becomes,

E0 > v x 10-4 (27)

(v in Hz, E0 in V/m)
[An in depth description of the briefly presented mechanism can be found in19,20.]

For electric power fields (v = 50 Hz), Condition 27 becomes,

E0 > 0.005V/m (28)

Thus, power frequency EMFs with intensities exceeding 5 mV/m are potentially able to disrupt cell 
function. For N number of EMF-sources of the same polarization (e.g. N number of parallel power lines) 
the last value is divided by N (according to Eq. 19) at the locations of constructive interference, and thus 
even more decreased. Such minimum power frequency field intensity values are abundant in urban daily 
environments, and even more close to high-voltage power transmission lines7.

For pulsed fields the second part of Condition 27 is divided by 2, and becomes:

E0 > 0.5v x 10-4 (29)

(v in Hz, E0 in V/m).
For digital mobile telephony fields/radiation emitting ELF pulses with a pulse repetition frequency 

v = 217 Hz (among other ELF frequencies they transmit)33, Condition 29 becomes:

E0 > 0.01V/m (30)

For the pulse repetition frequency of v = 8.34 Hz (also included in mobile telephony signals)33,34, 
Condition 29 becomes:

E0 > 0.0004V/m (31)

As is evident from the described mechanism, the field does not gate the channel by forces exerted 
directly on the channel sensors. It would take a field on the order of the transmembrane field 
(106—107 V/m) for that. It is the mediation of the oscillating free ions in close proximity to the S4 channel 
sensors that allows such weak fields to be able to exert the necessary forces to gate the channel.

Thus, ELF electric fields emitted by mobile phones and base stations stronger than 0.0004 V/m are 
also potentially able to disrupt the function of any living cell. This ELF intensity value is emitted by 
regular cell phones at distances up to a few meters and base stations at distances up to a few hundred 
meters6,34,35. For N number of mobile telephony antennas vertically oriented, the last value is divided by 
N (according to Eq. 19) at locations of constructive interference.

We do not distinguish between externally applied EMFs and internally induced ones within living 
tissue, especially in the case of ELF for the following reasons: 1. Living tissue is not metal to shield 
from electric fields and certainly is not ferromagnetic metal (Fe, Co, Ni) to shield from magnetic fields. 
Moreover, it is known that especially ELF fields cannot be easily shielded even by Faraday cages and in 
order to significantly minimize them it is recommended to totally enclose them in closed metal boxes6. 
Thus, ELF electric fields penetrate living tissue with certain degree of attenuation, and magnetic fields 
penetrate with zero attenuation. 2. Even in case that the ELF fields are significantly attenuated in the 
inner tissues of a living body, the eyes, the brain, the skin cells, or the myriads of nerve fiber terminals 
that end up on the outer epidermis, are directly exposed to the field intensities measured externally on 
the surface of the living tissue.

It has been shown that tissue preparations (such as bovine fibroblasts or chicken tendons) respond 
to externally applied pulsed or sinusoidal ELF electric fields (by changes in DNA or protein synthesis 
rates, proliferation rates, alignment with respect to the field direction, etc), at very low thresholds 
~10-3 V/m1,36-38. These thresholds are very close to those predicted by the present study.

Except for direct electric field exposure by an external field, there can be an electric field within tissues 
induced by an externally applied oscillating magnetic one, which as explained penetrates living tissue 
with zero attenuation. Tuor et al?4 measured ELF magnetic fields from cell phones on the order of 1 G 
(=10-4 T) at 217 Hz. This can induce electric fields on the order of ~0.1 V/m within the human body, as 
can be shown by application of Maxwell’s law of electromagnetic induction:

§lEind ■ dl = - dt ISB ' UNdS (32)
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(B, Eind, the magnetic and the induced electric field intensities respectively, dl an incremental length 
along a closed path l of induced electric field circulation enclosing a surface S. uN is the unit vector 
vertical to the surface S).

Assuming Eind parallel to and independent of l, B vertical to and independent of S, and l a circular 
path of radius a including the surface S, Eq. 32 becomes:

E'nd f=- d

which gives:

V _ n c dB
Eind _ 0 dt (33)

(End in V/m, B in T, a in m).
By replacing in the last equation a = 0.20 m (a reasonably large radius for a circumference within an 

adult human body), and dB = 1T/s, [according to Tuor et al.34], we get Eind~ 0.1 V/m. ^is is the induced 
electric field intensity within a human body by the 217 Hz pulses of mobile telephony, and it is about ten 
times larger than the minimum estimated value able to initiate biological effects at this frequency accord
ing to Condition 30.

Discussion
In the present study we showed that polarized EMFs/EMR, such as every type of man-made EMF, have 
the ability to create interference effects and amplify their field intensities at specific locations where con
structive interference occurs, and that this phenomenon cannot occur with natural EMFs/EMR which 
are not polarized.

Any location at equal distances from identical sources (antennas), in other words any location along 
the midperpendicular to the distance d between the two sources, is a location of constructive interference 
and increased field and wave intensities. As the number of sources (e.g. antennas) increases, the ampli
fication of the resultant field intensities (E, B) at certain locations increases too (Eq. 19), and for a large 
number of sources field intensities may become very sharp. This explains theoretically the detected “hot 
spots” from mobile telephony base stations in urban environments21. ^e result of field superposition 
at those locations are standing waves (i.e. they do not change with time) when the two or more sources 
of the same polarization are in addition coherent (i.e. same frequency, same phase difference). Within 
biological tissue, at those locations of constructive interference we can have increased biological activity 
due to the polarized EMFs.

The most usual case is, when the multiple incident fields/waves are of the same polarization but not 
coherent (i.e. different frequency and/or varying phase difference), as e.g. the waves from all different 
radio, television, and mobile telephony antennas vertically oriented. Then, the resultant fields/waves are 
not standing but timely varying, creating momentary constructive interference at unpredictably different 
locations each moment. This fact may represent an extraordinary ability of man-made/polarized EMFs 
to trigger biological effects.

Using the forced-oscillation mechanism19,20 we showed that the resultant force exerted on the S4 
sensors of electrosensitive ion channels on cell membranes by several ions forced to oscillate on parallel 
planes and in phase by an applied polarized EMF (and even more by constructively superimposed fields 
from several polarized EMF-sources), is able to irregularly gate these channels. ^e result can then be 
the disruption of the cell’s electrochemical balance, leading to a variety of biological/health effects28. This 
is in contrast to the null force exerted by any number of ions oscillating on non-parallel random planes 
and with different phases from each other due to any number of non-polarized applied EMFs, and in 
contrast to the null force exerted by the random thermal movement of the same ions20,26.

In experiments testing the role of different polarization types on the biological activity of RF 
EMR, exposure of E. coli to 51.76 GHz radiation resulted in inhibition of DNA repair when linear or 
right-handed circularly polarized radiation was used, while left-handed circularly polarized radiation 
caused no effects. Exposure to 41.32 GHz similar EMR was reported to reverse the effect: In this case, 
only linear or left-handed circularly polarized radiation inhibited the DNA repair39. In both frequencies, 
the right-handed or the left-handed circularly polarized radiation induced a greater effect than the line
arly polarized radiation. When the structure of the DNA was altered by ethidium bromide intercalation, 
a change in intensity of the effect of polarization was reported40. Chromatin condensation (a sign of 
cell death) was induced by elliptically polarized 36.65 GHz microwave radiation. The effect increased 
with intensity. Right-handed polarization induced a stronger effect than left-handed41. ^ese experi
ments show that not only linear but circular and elliptical polarizations are important parameters for 
the biological action of EMR, and that molecular structure of biomolecules may be important for the 
interaction between polarized EMF and the biological tissue. In all these studies there was no compari
son with unpolarised field of identical other parameters, but only comparison between different types of
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polarization. Again, it is important to note that circularly and elliptically polarized 50-60 Hz EMFs are 
formed around 3-phase power transmission lines.

Experiments with non-polarized and polarized EMFs/EMR of identical other characteristics (inten
sity, frequency, waveform, etc) on certain biological models should be performed to test the validity of 
the present theoretical study. This should be the subject of a future experimental study.

The present theoretical analysis shows that polarized man-made EMFs/EMR can trigger biological 
effects while much stronger and of higher energy (frequency) unpolarized EMFs/Non-Ionizing EMR 
(e.g. heat, or natural light) cannot.

This is the reason why polarized microwave radiation of maximum power 1 W emitted by a mobile 
phone can damage DNA and cause adverse health effects2,3,5,6,35, while non-polarized infrared, visible, and 
ultraviolet radiation from a 100 W light bulb, or ~400 W infrared and visible EMR from a human body14,16, 
cannot. Similarly with solar EMR the intensity of which incident on a human body (~8-24 mW/cm2) is 
hundreds of times higher than radiation intensity incident from e.g. a cell phone on a user’s head/body 
during a usual phone-conversation with the handset in touch with the head (less than 0.2 mW/cm2), or 
incident intensities from other RF, ELF sources of human technology6,7,12,13. The total daily duration 
of human exposure to the sunlight is also much longer normally than the total daily duration of cell 
phone exposure during conversations5,6,12,13. Moreover the frequency (energy) of sunlight is also sig
nificantly larger than any man-made RF or ELF frequencies. Yet, there are no adverse biological effects 
due to normal/non-excessive exposure to sunlight. On the contrary, it is beneficial and vital/necessary 
for human/animal health, in contrast to cell phone radiation. Similarly, there are no adverse biological 
effects due to exposure (mainly in the infrared and visible regions) from one human body to another 
(with an incident intensity ~20 mW/cm2)16. Although all animals on Earth have adapted throughout 
evolution to exposures to EMFs from the sun and the earth, these fields are non-polarized (even though 
natural light may become partially polarized in a small average degree due to atmospheric scattering 
or reflections). Moreover, terrestrial electric and magnetic fields are mainly static, emitting very weak 
non-polarized ELF radiation due to slight variations in their intensities. However, larger variations on the 
order of 20% of their normal intensities due to solar activity with a periodicity of about 11 years result in 
increase of human/animal health incidents15. Therefore, living organisms on Earth are adapted to natural 
(non-polarized or even partially polarized) EMFs since the beginning of life, but not to variations in 
their normal intensities on the order of 20%, and thus we would not expect them to adapt to man-made 
(totally polarized) EMFs/EMR. The present study explained how this difference in polarization results in 
corresponding differences in biological activity between natural and man-made EMFs.

Increased biological activity does not necessarily result in observable biological/health effects, since 
there are adaptive mechanisms operating at cellular-tissue-organism levels in response to ever occurring 
changes. However, these mechanisms may not always be totally effective, especially when the organism 
is under additional stress or increased metabolic needs (e.g. sickness, childhood/development, old age, 
etc.). Then exposure to polarized (man-made) EMFs may considerably increase the probability for the 
initiation of adverse health effects. The effect of polarized EMF-exposure may even be beneficial in 
certain cases of applied static or pulsed electric or magnetic fields of specified orientation and intensi
ties that enhance the action of endogenous physiological fields within living cells/organisms e.g. during 
development, wound healing, bone fracture healing etc.38,42.

The role of polarization in the ability of EMFs/non-ionizing EMR to induce biological effects, as 
described in the present study, is - up to today - largely underestimated in the EMF-bioeffects literature. 
Thus, we believe that the present study contributes significantly towards a better understanding of the 
mechanisms underlying EMF-bioeffects.
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RF Radiation-Induced Changes in the 
Prenatal Development of Mice
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The possible effects of radiofrequency (RF) radiation on prenatal development has been investigated 
in mice. This study consisted of RF level measurements and in vivo experiments at several places 
around an ‘‘antenna park.’’ At these locations RF power densities between 168 nW/cm2 and 
1053 nW/cm2 were measured. Twelve pairs of mice, divided in two groups, were placed in locations 
of different power densities and were repeatedly mated five times. One hundred eighteen newborns 
were collected. They were measured, weighed, and examined macro- and microscopically. A progres
sive decrease in the number of newborns per dam was observed, which ended in irreversible infertility. 
The prenatal development of the newborns, however, evaluated by the crown-rump length, the body 
weight, and the number of the lumbar, sacral, and coccygeal vertebrae, was improved. Bioelectromag
netics 18:455-461, 1997. © 1997 Wiley-Liss, Inc.

Key words: RF radiation effects; prenatal development; mice development

Five years ago the ‘‘antenna-park of Thessalo
niki’’ progressively developed on the top of the nearby 
mountain Chortiatis, 1.5 km away from a small village 
of the same name. Today, almost 100 commercial TV 
and FM-radio broadcasting transmitters in the VHF 
and the UHF bands are situated there. The antennas 
are installed on towers well visible from a large part 
of the village. Living so close to the antennae and the 
vast amount of RF power they transmit, which is of the 
order of 300 kW, the people of the village Chortiatis, 
anxious for their health, encouraged the author to un
dertake a research program.

The hypothesis that RF radiation may adversely 
affect the health of the animal organism is still under 
consideration in public and scientific forums. One of 
the critical issues seems to be the RF effects on the 
reproductive process [Chernoffet al., 1992]. Numerous 
studies dealing with this subject ended up with seem
ingly contradictory results. Therefore, an ‘‘in vivo’’ 
study on experimental animals sensitive to RF radia
tion, was chosen. Based on the relevant literature, this 
research investigated RF radiation effects on the repro
ductive system, particularly on prenatal development. 
The mouse was selected as the experimental animal, 
because it is easily manipulated in the environment in 
which the experiments had to take place. Of course, 
experimenting at the mountain sites, far from the easily

controlled laboratory conditions, might add a certain 
amount of uncertainty; therefore, these experiments 
should be considered preliminary.

MATERIALS AND METHODS

We used a total of 36 mice (18 females and 18 
males), 2 months old and sexually mature (BALB/c/f 
breed colony). Breeding colony virgin males and fe
males were obtained from the ‘‘Theageneion Antican
cer Institute of Thessaloniki.’’ The use of these experi
mental animals was approved by the Veterinary Service 
of the Municipality of Thessaloniki, according to the 
provisions of the laws 1197/81 and 2015/92 and the 
Presidential Decree 160/91 of the Greek Democracy. 
Upon arrival, all experimental animals were quaran
tined for 2 weeks to discover and to allow them to 
acclimatise the mountain environment, an altitude 
ranging between 570 (position h) and 730 m (position 
d) above sea level. All the mice were healthy at the 
end of this period and showed no signs of illness during
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tology, and Embryology, School of Veterinary Medicine, Aristotle Uni
versity of Thessaloniki, 540-06 Thessaloniki, Greece.
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TABLE 1. Light-Dark Cycle during the Experimental Matings

Gestation Date

Day Night

Min Max Min Max

1st 25.5-16.6 14.28 14.47 09.13 09.32
2nd 21.6-12.7 14.37 14.48 09.12 09.23
3rd 6.9-29.9 11.54 12.45 11.15 12.06
4th 7.10-28.10 10.45 11.35 12.25 13.15
5th 23.11-13.12 09.34 09.55 14.05 14.26

the course of the study. Tap water and certified feed 
(Greek Sugar Factory) were freely available.

The mice were maintained under natural lighting, 
both during the daytime and at the night (Table 1). 
Twelve Plexiglas cages transparent to RF radiation, 
were placed at several locations with one female in 
each cage. Each female was caged with one male for 
12 h. Vaginal smears were taken the next morning and 
successful mating was identified by the presence of 
sperm. The day on which evidence of mating was ob
served was considered to be the first day of gestation. 
The litters were collected in the first 2 h after delivery 
and were moved to the laboratory for examination. 
After a period of recovery, the same mating procedure 
was repeated for each dam. Five experimental pregnan
cies were carried out in a period of almost 6 months.

The first pregnancy of the experimental animals 
took place in eight selected positions (a-h, Fig. 1), 
some close to the ‘‘antenna-park’’ and some near the 
village of Chortiatis. Then the experimental animals 
were moved to two positions, because these positions 
presented almost the same RF radiation levels with 
those initially selected and the experiment could be 
managed more effectively. Six dams (labelled as group
A) , initially placed at positions a, b, c, and d, with 
their males, were moved to the position d (Refuge of 
Hypaithrios Life). The other six dams (labelled group
B) , with their males, initially placed at positions e, f, 
g, and h were moved to position h (Public Primary 
School of Chortiatis). These two positions were se
lected because the most important living conditions, 
i.e., light, temperature, ventilation, food, etc., were the 
same.

Finally, all the experimental animals were moved 
to position i (Laboratory of Anatomy, School of Veteri
nary Medicine, University of Thessaloniki) about 10 
km away from the Mountain Chortiatis, in the city of 
Thessaloniki, for the fifth pregnancy. This relocation 
was done to seek an indication of a possible reversibil
ity of the observed phenomena. In fact, we wanted to 
repeat the experiment in an environment almost free 
of RF. An extra group of six couples of mice were 
mated once and used as controls in the laboratory (posi-

Fig. 1. Wide area of Chortiatis, where the fist four matings took 
place.
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tion i), far from the ‘‘antenna park’’ in a more or less 
free-of-RF radiation environment.

It was extremely difficult to use RF-free controls 
at the mountain sites, because it was almost impossible 
to make ‘‘electromagnetically screened cages.’’ Such 
a cage should ideally provide high (of the order of 30 
dB) screening at the frequency range between 88.5 and 
950 MHz (Commercial Radio FM band, UHF TV band, 
and Mobile Communication band), and therefore 
would require a very dense and well-grounded, highly 
conductive external metal grid. Obviously, mice could 
hardly survive in such cages for about 5 months.

The litter was considered to be the experimental 
unit for the analysis of data. We measured the crown- 
rump length, the body weight, the number of the poste
rior (lumbar, sacral, and coccygeal) vertebrae, the con
genital malformations, and the ossification of the 
skeleton.

The RF power was measured in each position, 
using an electric field meter and a low gain (4 dB) 
wide-band (80-900 MHz) log-periodic antenna and 
spectrum analyser. To obtain comparable results the 
‘‘IEEE std. C95.3.1991’’ was used. On the third floor 
of the public school, where the mice were situated, a 
360 degree integration was also performed, due to the 
directivity of the measuring antenna together with the 
close proximity of the walls and metal furniture. Wher
ever iron bars or metal screens existed in front of the 
windows, two series of measurements were carried out; 
one on each side of the screen.

The collected newborns were killed for examina
tion. Their crown-rump length was measured, and they 
were weighed and inspected under the dissecting mi
croscope for external congenital malformations. Then 
they were fixed and subsequently cleared and stained 
in toto by a double staining of their skeleton [Peters, 
1977]. The procedure was lightly modified as follows:

The newborns were fixed with alcohol 86% for 
3 days; their skin, eyes, and viscera were removed; 
then they were immersed for 3 days in alcohol 100% 
and for 4 days in a mixture of alcohol 100% and ether 
1:1. They were stained for 1-2 days with blue alcyan 
coloration [alcohol 86% 80 ml, acetic acid 20 ml, al
cyan blue 20 mg] until the nonmineralised carti- 
lagenous parts of the bones became blue. They were 
immersed in alcohol 100% for 4 days. Then they were 
stained for 12-24 days with red alizarin coloration 
[KOH 1 g, H2O 100 ml, alizarin solution (alcohol 86% 
saturated with alizarin red S) 0.1 ml] until the ossified 
parts of the bones became red. They were immersed 
in solution Mall I (KOH 1 g, distilled water 80 ml, 
glycerine 20 ml) until the transparency of their body 
was completed. Finally, they were stored in a conserva
tion solution (distilled water and glycerine 1:1, with

- controls

8,0 -

group A

group B

3 mating

Fig. 2. Comparison of the mean values ± standard deviation of 
number of newborns per dam and mating from all experimental 
groups.

some thymol crystals as contamination prevention). 
The stained newborns were inspected for skeletal de
fects as well as for the degree of ossification of their 
bones. The ossification of the skeleton and particularly 
of the vertebrae is an excellent and creditable indicator 
of the prenatal exposure to noxious agents and can be 
a measure of development delay.

RESULTS

The RF power levels measured, although below 
the limits proposed by the ‘‘ENV50166-2’’ and the 
‘‘IEEE C95.1.1991’’ standards, are high and well 
above the power levels that are likely to be measured 
in other European or U.S. residential areas. In fact, on 
the third floor of the public primary school (position 
h), an average power density of 1.053 pW/cm2 was 
found, equivalent to a specific absorption rate of 1.935 
mW/kg. In the Hypaithrios Life Refuge (position d) 
the average power density in which the mice were 
located was of the order of 168 nW/cm2. This reduced 
level was due to the screening effect of the iron bars 
in front of the windows, which gave an 8-10 dB RF- 
power decrease. The average power density levels in 
position i (Laboratory of Anatomy, School of Veteri
nary Medicine, University of Thessaloniki), where the 
controls were placed and the fifth experimental matings 
were performed, was 40 dB weaker.

The number of the littered newborns by the exper
imental dams of groups A and B were, compared with 
those littered by the controls, progressively reduced 
from the first to the fifth pregnancy. This reduction is 
more evident in group B and is clearly shown in Table 
2 and in Figure 2.

On the other hand, the rest of the four measured 
parameters, i.e., the crown rump length and the weight 
and the number of the lumbar, sacral, and coccygeal 
vertebrae increased in the newborns from groups A and 
B compared with the controls. This was more evident in 
group A than in group B (Table 2 and Fig. 3). A
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TABLE 2. Statistical Characteristics of All Four Measurable Parameters per Dam, per Group, and per Gestation

Mating

Litters per dam 
mean ± s.d. 

median
Length
(cm)

Weight
(gr) Vertebrae

Group A (6 dams)
1st (25.05.1995) 3.5 ± 0.9 1.47 ± 0.13 2.71 ± 0.09 31.48 ± 1.43

4.0 1.44 2.69 32.07
2nd (21.06.1995) 5.8 ± 0.7 1.25 ± 0.06 2.55 ± 0.05 24.28 ± 0.97

7.0 1.22 2.50 24.29
3rd (08.09.1995) 5.5 ± 0.9 1.72 ± 0.25 2.71 ± 0.13 28.72 ± 1.92

6.5 1.72 2.60 28.71
4th (07.10.1995)a 1.5 1.10 2.47 23.22

0.0 1.10 2.47 23.22
5th (23.11.1995)a 0.0

0.0
Mean value 3.3 1.39 2.61 26.93

Group B (6 dams)
1st (25.05.1995)a 1.2 1.19 2.53 28.57

0.0 1.19 2.53 28.57
2nd (21.06.1995) 1.7 ± 0.9 1.25 ± 0.04 2.60 ± 0.06 28.55 ± 1.14

1.5 1.26 2.58 27.26
3rd (08.09.1995)a 0.0

0.0
4th (07.10.1995)a 0.0

0.0
5th (23.11.1995) 0.2 1.05 2.50 30.00

0.0 1.05 2.50 30.00
Mean value 0.6 1.16 2.54 29.04

Controls (6 dams)
1st (23.11.1995) 8.0 ± 0.07 0.96 ± 0.15 2.38 ± 0.02 19.59 ± 0.47

7.5 0.97 2.37 19.52
Mean value 8.0 0.96 2.38 19.59

“Single or no gestation.

thorough external and internal examination under the 
dissecting microscope revealed only one case of exten
sive and two cases of limited malformation. No retarda-

litters length weight vertebrae 
(cm) (gr) (xlO)

Fig. 3. Comparison of the mean values of all four measurable 
parameters for all gestations. Controls (C).

tion of skeletal ossification worth mentioning was ob
served; only five cases out of 116 showed limited retar
dation. It has to be noted here, that the evaluation of 
the skeleton ossification was focused in the bones of 
the forelimbs and hindlimbs and in the lumbar, sacral, 
and coccygeal vertebrae.

DISCUSSION

To study effects of a possibly noxious agent on 
a mammalian embryo, three groups should be consid
ered: the embryos, the dams, and the males. In this 
work, all three have been studied: the infertility for 
dams and males, the lethality for embryos, the teratoge
nicity or the reduction in deformity for foetuses, or any 
combinations of them. They all have been considered 
by exposing male and female mice (before and during 
pregnancy) to an RF-radiation environment close to 
the ‘‘antenna park.’’

Infertility and lethality were assessed by counting 
the number of their newborns, whereas the possible
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teratogenicity and the reduction deformity by autopsy 
was considered by the study of the embryonic skele
tons. An important stage in this study was the examina
tion of the skeletons, since the ossification of the bones 
is considered an excellent and creditable indicator of 
the prenatal exposure to noxious agents and can be a 
measure of development delay. In the beginning of 
organogenesis, the neural tube functions as a precursor 
of the cartilages and bones of the developing skeleton 
[Noden and Delahunta, 1985]. Teratogenic factors of 
any kind, that affect the embryonic nervous system, 
result in structural defects of the skeletal components. 
Therefore, to detect the teratogenic action of a factor 
on the embryonic nervous system, it is technically con
venient to study the foetal skeleton rather than the 
embryonic nervous system itself.

A very important result of this experimental study 
(Table 2 and Fig. 2) is a progressive decrease of the 
number of the size of the litters of the dams of group 
A (position d) and group B (position h), compared with 
the controls (position i) and with the breeding history of 
these mice. Mice from the BALB/c/f breeding colony 
obtained from the ‘‘Theageneion Anticancer Institute 
of Thessaloniki’’ have been used for years in our labo
ratory for reproduction. Repeated pregnancies with a 
recovery period of 1-4 weeks for over a year, had 
never affected the fertility of the dams or any morpho
logical parameters of the offspring, a fact that to our 
knowledge has not been questioned in the available 
literature.

It is worth noting that the RF power density lev
els, although very different from place to place, were 
very low and well below the CENELEC and IEEE 
relevant standards. Yet, it should be pointed out that:

(a) the experimental animals lived in this environ
ment for 6 months, which is a long period of time,

(b) there was a considerable difference in power 
density levels of the order of 10 dB between the two 
main positions d and h and almost of 40 dB between 
d and i,

(c) there is a considerable difference between the 
volumes and consequently the body mass of the adult 
mouse and other experimental animals used as models 
in the international standards applied to humans.

The interpretation of our observations could fol
low various directions. The most popular view in nu
merous studies of the relevant literature, that this is a 
consequence of the overheating of the irradiated testis 
[Lary et al., 1986, 1987; O’Connor, 1980)] could be 
considered. On the other hand, the assumption that RF 
and microwave radiation effects are limited to heating 
has been questioned in a series of studies [Cleary, 1988, 
1990]. The exposure conditions in these ‘‘in vivo’’ 
studies may suggest a thermal component of RF-in

duced testicular damage. However, interpretation of 
these data with respect to damage thresholds or interac
tion mechanisms is difficult. This difficulty is due to a 
number of factors, including the time, intensity, or 
both, the variations in species sensitivities, and the 
frequency-dependent non-uniform microwave energy 
absorption in tissue. Consequently, although these 
findings seem to be consistent with a hypothesis that 
the RF-induced heating is associated with testicular 
damages, the borderline between the ‘‘direct’’ effects 
of radiation and the effects that are indirectly associated 
with the tissue heating is not very clear.

Our observations could also be attributed to an 
intra-uterus death of the irradiated embryos in the early 
stages of the prenatal development, a speculation that 
could not be investigated in our experimental design 
because it required a postmortem autopsy of the dam. 
On the other hand, the prerequisite to these scenarios 
is a large RF power density, whereas the power densi
ties we measured were of the order of qW/cm2 or nW/ 
cm2, rather than mW/cm2, or in terms of specific ab
sorption rate (SAR), mW/kg rather than W/kg. There
fore, we cannot exclude the possibility of an indirect 
nonthermal mechanism focused on the endocrinologi
cal axon hypophysis-gonads that causes infertility to 
the males or the females [Thuery, 1991].

It should be noted here that the male experimental 
animals progressively developed a very bad physiolog
ical condition (rough hair, emaciation, etc.), not corre
lated to any other sickness symptoms, during their stay 
at the experimental positions a-g. Therefore, despite 
of the limited amount of data, the duration of the expo
sure to low intensity RF electromagnetic fields seems 
to be a repression parameter. In fact, chronic or long
term exposure to low intensity electromagnetic fields 
is generally associated with adverse results [Lary et 
al., 1983]. The most peculiar findings of this study 
were the increases in the crown-rump length, the body 
weight, and the number of the posterior vertebrae (lum
bar, sacral, and coccygeal) of the experimental off
springs compared with the controls (Table 2, Fig. 3).

It must be noted that a study of mice [Jensh et 
al., 1977; 1978a; 1978b] under low levels of irradiation 
during the whole period of a single gestation (10 and 20 
mW/cm2) had no effect on maternal, foetal, or placental 
masses and no effect on the frequency of resorption, 
foetal death rate, size of litter, sex of the newly born, 
and their ability to perform. Other studies [Michaelson 
et al., 1976] reported a faster development of rat foe
tuses. This finding agrees with another report [Johnson 
et al., 1977] that noted an increase in the weight of 
newly born rats and a premature opening of the eyes 
after prenatal irradiation (5 mW/cm2 at 918 MHz, for 
380 h), as well as an impaired ability to learn. On the
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other hand, other studies found lower average weight 
at birth. At medium power density levels (10, 20, and 
50 mW/cm2, at 2375 MHz), which are above the limits 
imposed by CENELEC and the relevant IEEE standard, 
the reproductive capacity of mice was somewhat im
paired, with smaller litter size and a rise in neonatal 
mortality, which is a direct function of the power flux 
density [Il’Cevic and Gordodeckaja, 1976; McRee, 
1980].

Although it is difficult to explain this foetal devel
opment increase, we believe that it could be due to a 
favourable placental nourishment of the foetuses dur
ing the pregnancy. In fact, this finding could be associ
ated with:

(a) reproductive causes, i.e., blood-flow to a 
smaller number of foetuses, because of the reduction 
of the fertility of the irradiated males or females,

(b) thermal causes, i.e., possible increase of the 
blood flow of the dams, directly due to the RF irradia
tion,

(c) endocrinological causes, i.e., increase of the 
somatotrophic hormone because of the RF irradiation 
and

(d) environmental causes, i.e., the vasodilatation 
and partial increase of the blood pressure of the experi
mental dams because of the mountain altitude.
Of course combinations of these possibilities cannot 
be excluded.

According to various references [Tell and Harlen, 
1979; Lu et al., 1980; Deschaux et al., 1983] discrepan
cies between the results of experiments may be due to 
different experimental conditions, random formation of 
hot spots in the glands and the hypothalamus, or a 
variety of other factors, as the cicardian rhythm and 
differences between species. With the exception of the 
high power effects on testicles, that do not belong to 
the endocrine ensemble, the interaction seems to in
volve the pituitary gland or even the central nervous 
system rather than the terminal glands.

We would close this discussion with what Jacques 
Thuery wrote (1991), that the true state of affairs is 
probably far more complex, but the available data are 
not sufficient to allow us to outline it more clearly, and 
that all attempts to extrapolate these results to humans 
lead to very high power densities, partly because geo
metric resonance effects are very significant in small 
animals. Consequently, taking into account the con
stant exposure of the human population living close to 
the ‘‘antenna park’’ to low intensity RF radiation, these 
adverse health effects in mice resulting from chronic 
or prolonged exposure may prove of importance in 
the near future. Indeed, there is evidence that chronic 
exposure to low-intensity RF radiation may be associ

ated with health effects different to embryo-toxicity 
[Salford et al., 1992; Cleary, in press].

The findings of this preliminary experimental 
study have led to several conclusions. Of course, the 
final word to the problem in question has not been said 
as yet. Therefore, more work is called for; laboratory- 
based simulation might provide valuable information.
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In vitro effects of radiofrequency electromagnetic waves on 
bovine spermatozoa motility

NORBERT LUKAC1, PETER MASSANYI1, SHUBHADEEP ROYCHOUDHURY2, MARCELA 
CAPCAROVA1, EVA TVRDA1, ZUZANA KNAZICKA1, ANNA KOLESAROVA1 and JAN DANKO3
1 Department of Animal Physiology, Slovak University of Agriculture, Nitra, Slovak Republic 
2Department of Life Science and Bioinformatics, Assam University, Silchar, India
3 Department of Anatomy, Histology and Physiology, University of Veterinary Medicine and Pharmacology, Kosice, Slovak Republic

In this study the effects of 1800 MHz GSM-like radiofrequency electromagnetic waves (RF-EMW) exposure on bovine semen was 
monitored. The experimental samples were analyzed in vitro in four time periods (0, 30, 120 and 420 min) and compared with 
unexposed samples (control). Spermatozoa motility was determined by computer assisted semen analyzer (CASA). Evaluation of the 
percentage of motile spermatozoa showed significant (P < 0.001) decrease in experimental groups after 120 and 420 min of culture 
when exposed to microwaves, in comparison to control. Similar spermatozoa motility inhibition was detected for the percentage of 
progressively motile spermatozoa, too. Average path distance decreased significantly (p < 0.001) in experimental groups after 30 
and 420 min of culture. Path velocity increased in the experimental groups exposed to RF-EMW after 30 minutes of culture, but 
subsequently decreased after 420 min of culture, in comparison to control. This indicates a possible initial stimulation and subsequent 
velocity inhibition of bovine spermatozoa under RF-EMW exposure. Changes in spermatozoa motility were also detected for some 
fine parameters, too. A significant decrease (P < 0.001) was noted for amplitude of lateral head displacement in the experimental 
group after 420 minutes of culture. Detailed in vitro motility analysis of bovine spermatozoa exposed to microwave radiation suggested 
that the parameters of path and velocity at the beginning of the culture significantly increase, but after longer culture (420 minutes) a 
significant decrease occur in the experimental group as compared to control. In general, results of this experiment indicate a negative 
time-dependent effect of 1800 MHz RF-EMW radiation on bovine spermatozoa motility.

Keywords: Radiofrequency electromagnetic waves, spermatozoa, motility, CASA, bull.

Introduction

Cell phone usage has increased by leaps and bounds in the 
past decade and a half. From being a luxury limited to the 
wealthy, cell phones have become commodities, virtually 
indispensable in daily lives. However, every technological 
advance and its overuse also possess possible adverse as
pects.

The increase in the popularity of cell phones is ac
companied by a growing concern regarding the harmful 
effects of cell phone radiation (radiofrequency electromag
netic waves; RF-EMW) exposure on human health. An 
earlier report of the Independent Expert Group on Mo
bile Phones, established by the UK government, summa
rized the relevant studies on the biological effects of RF-

Address correspondence to Norbert Lukac, Department of An
imal Physiology, Faculty of Biotechnology and Food Sciences, 
Slovak University of Agriculture, Trieda A. Hlinku 2, 949 76 
Nitra, Slovak Republic; E-mail: norolukac@gmail.com 
Received January 26, 2011.

EMW.[1] The impact of extra low frequency electromagnetic 
radiation (ELF EMF) on mammalian reproductive cells 
including spermatozoa surface morphology, acrosome in
tegrity, cell viability, motility and ability to fertilize oocytes 
in vitro have also been investigated.12,3

A possible role of cell phone exposure on tumour induc
tion has also been proposed in an epidemiological study.[4] 
Recent studies highlighted the role of cell phone exposure 
on spermatozoa motility, morphology and viability, thus 
proposing a reduction in male fertilizing potential.[5] Other 
reports suggest that RF-EMW may lead to DNA damage 
and chromosomal instability.16

Even though the current research may have been incon
clusive, it has still been successful in providing preliminary 
data and identifying trends on both sides of the argument 
that cell phone exposure may lead to harmful effects on 
human health. Since then, a flurry of scientific activities 
has attempted to define and quantify the adverse effects 
of RF-EMW. Despite the increasing number of reports 
concerning the effects of RF-EMW on various biological 
systems, no satisfactory mechanism has been proposed to 
explain the effects of such radiation.[7]

mailto:norolukac@gmail.com
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Experimental approaches involving animal studies and 
in vitro studies, along with high-throughput screening tech
niques like transcriptomics, proteomics and metabolomics, 
can augment the validity of epidemiological studies ad
dressing the effect of RF-EMW on reproductive tissues, 
cells and their functions.18 Recent studies using these ap
proaches have yielded interesting clues on the effects of 
RF-EMW at the cellular and molecular levels. The aim 
of this in vitro study was to analyze the possible effects of 
RF-EMW on bovine spermatozoa motility parameters in 
relation to time of exposure.

Material and methods 

Semen characteristics

Bovine semen was collected from bulls (n = 10) of 
Holstein-Freasen breed. Pooled samples were diluted with 
commercial diluent containing Triladyl®, (Minitube, Ger
many), egg yolk and redistilled water (purified by Milli-Q, 
Millipore, Billerica, MA, USA). Diluted semen samples 
were transferred into micro-titre plates (Nunc, Ther- 
moFisherScientific,Roskilde, Denmark) with the volume of 
400 gm per well. Subsequently, the semen samples were in
cubated in an incubator (37°C) with 1800 MHz GSM-like 
microwave source (experimental group; E) and without the 
microwave source (control group; C). Semen samples were 
analyzed after 30, 120 and 420 minutes of culture.

Computer-assisted aemen analysis (CASA)

The spermatozoa motility parameters were analyzed using 
Sperm Vision software (Minitube, Tiefenbach, Germany). 
For the analysis the semen samples were placed onto a 
Makler Counting Chamber (depth 10 gm, Sefi-Medical In
struments, Germany). An Olympus BX 51 phase-contrast 
microscope (Olympus, Japan) equipped with heating plate 
(37°C) at 200x magnification and a camera transferred im
age were used for analysing the samples by CASA system 
(Sperm Vision, Minitub, Tiefenbach, Germany). In each 
sample the following parameters of spermatozoa motil
ity were analyzed: spermatozoa motility (in %; >5 gm/s), 
progressive motility (in %; >20 gm/s), curvilinear distance

(DCL; in gm), distance average path (DAP; in gm), dis
tance straight line (DSL; in gm), curvilinear velocity line 
(VCL; in gm/s), velocity average path (VAP; in gm/s), 
velocity straight line (VSL; in gm/s), linearity (LIN - 
ratio VSL:VCL), amplitude of lateral head displacement 
(ALH; in gm) and beat cross frequency (BCF, in Hz).[9] 
For each sample minimum 1000 spermatozoa were ana
lyzed per field.

Statistics

From final data, basic characteristics were calculated 
(mean, SD, SEM, coefficient of variation) and t-test 
was performed using GraphPad Prism version 3.01 for 
Windows, (GraphPad Software, San Diego, California, 
USA).[10]

Results

In vitro effects of 1800 MHz RF-EMW on bovine sper
matozoa motility parameters were analyzed in four time 
periods (Time 0, 30, 120 and 420 min). The basic sper
matozoa concentration in control and experimental semen 
was 2.68 ± 0.14 x 109/mL and 2.89 ± 0.21 x 109/mL, 
respectively.

Evaluation of the percentage of motile spermatozoa 
showed significantly lower (P < 0.001) values in experi
mental groups after 120 minutes of culture when exposed 
to microwaves. Also, a significant (p < 0.001) decrease of 
spermatozoa motility was detected after 420 minutes in the 
group with microwave exposure, decreasing from 74.37% in 
control to 53.18% (Table 1). Similar spermatozoa motility 
inhibition was detected also for the percentage of progres
sively motile spermatozoa with significant decrease (P < 
0.05 and P < 0.001) in experimental groups after 120 and 
420 min of exposure (Table 2; Fig. 1).

Detailed analysis of spermatozoa motility detected a sig
nificant (p < 0.001) decrease in distance average path (DAP) 
in the experimental group after 30 minutes (35.49 gm) and 
420 minutes of culture (15.20 gm), in comparison to con
trol (Table 3; Fig. 2). The curvilinear distance (DCL) also 
showed a similar trend as described for DAP (Table 4).

Table 1. Spermatozoa motility (%) in different exposure regimes.

Group 0 C 0E 30 C 30 E 120 C 120 E 420 C 420 E

N 48 48 48 48 48 48 48 48
Minimum 73.62 73.15 53.84 71.79 54.54 50.00 63.63 11.53
Maximum 98.59 97.25 96.26 96.69 97.50 91.95 90.90 85.71
Mean 87.58 87.69 85.88 86.11 85.52 78 19*** 74.37 53.18***
S.D. 7.09 6.98 11 . 05 6.40 8.90 9.29 6.05 8.07
S.E.M. 1.77 1.75 1.59 0.92 1.28 1.34 0.87 1.61
C.V. (%) 8.10 7.96 12.86 7.43 10.41 11.89 8.13 12.25

n - number of analyzed fields; C - control group; E - experimental group.
***P < 0.001 (control vs. experimental group).
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Table 2. Progressive spermatozoa motility (%) in different exposure regimes.

Group 0C 0E 30 C 30 E 120 C 120 E 420 C 420 E

n 48 48 48 48 48 48 48 48
Minimum 68.13 69.99 27.27 55.17 45.45 34.61 36.36 3.84
Maximum 97.18 99.01 93.28 94.21 93.33 89.53 77.14 71.42
Mean 85.04 84.91 79.13 79.09 76.38 70.88* 60.03 38.22***
S.D. 8.21 8.18 11 . 24 8.63 10.15 11.70 9.42 12.48
S.E.M. 2.05 2.04 2.34 1 . 25 1.74 1.69 1.36 1.87
C.V (%) 9.65 9.63 15.28 10.92 8.82 16.51 15.69 15.17

n - number of analyzed fields; C - control group; E experimental group.
P < 0.05; ***P < 0.001 (control vs. experimental group).

Table 3. Distance average path (DAP; gm) in different exposure regimes.

Group 0C 0E 30 C 30 E 120 C 120 E 420 C 420 E

n 48 48 48 48 48 48 48 48
Minimum 25.04 24.99 25.18 29.52 21.24 17.32 14.08 8.24
Maximum 40.88 39.38 41.27 45.04 33.47 32.06 22.77 22.50
Mean 32.73 32.74 33.22 35.49*** 24.45 24.30 17.97 15.20***
S.D. 4.65 4.42 3.02 3.50 2.50 2.93 2.11 2.87
S.E.M. 1.16 1.10 0.44 0.50 0.36 0.42 0.30 0.41
C.V. (%) 14.21 13. 48 9.09 9.75 10.18 12.06 11.73 18.89

n - number of analyzed fields; C - control group; E - experimental group. 
***P < 0.001 (control vs. experimental group).

TIME

Fig. 1. Tendencies of spermatozoa motility (M) and progressive motility (P) exposed to radiofrequency electromagnetic waves (E) as 
compared to control (C).

420

TIME

C-VAP □ l-.-VAP DC-VCL DE-VCL QC-VSL 0E-VSL

Fig. 2. Tendencies of spermatozoa velocity parameters exposed to radiofrequency electromagnetic waves (E) as compared to control 
(C).
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Table 4. Distance curved line (DCL; gm) in different exposure regimes.

Group 0C 0E 30 C 30 E 120 C 120 E 420 C 420 E

n 48 48 48 48 48 48 48 48
Minimum 37.82 38.02 42.09 53.56 37.17 31.08 25.76 15. 00
Maximum 66.55 67.54 79.83 86.72 67.73 65.14 42.88 43.05
Mean 53.98 54.28 62.11 67.01*** 44.49 44.07 33.40 28.75***
S.D. 8.86 9.29 6.86 7.24 5.83 6.47 4.38 5.90
S.E.M. 2.22 2.32 0.99 1 . 04 0.84 0.93 0.63 0.85
C.V. (%) 16.41 17.11 11 . 05 10.80 13.11 14.69 13.12 20.54

n - number of analyzed fields; C - control group; E - experimental group.
P < 0.001 (control vs. experimental group).

Table 5. Distance straight line (DSL; gm) in different exposure regimes.

Group 0C 0E 30 C 30 E 120 C 120 E 420 C 420 E

n 48 48 48 48 48 48 48 48
Minimum 22.16 21.99 22.06 23.73 15.87 14.10 10.65 4.56
Maximum 37.13 36.25 34.42 36.98 25.51 24.62 17. 04 15.59
Mean 29.03 29.02 26.23 28.29*** 18.93 19. 01 13.55 11.09***
S.D. 4.36 4.23 2.88 3.29 1.88 2.24 1.56 2.82
S.E.M. 1.09 1 . 06 0.42 0.47 0.27 0.32 0.22 0.41
C.V. (%) 15.03 14.57 10.97 11.63 9.94 11.79 11 . 49 25.41

n - number of analyzed fields; C - control group; E - experimental group. 
***P < 0.001 (control vs. experimental group).

Distance straight line (DSL) data are presented in Table 5. 
The highest value for DSL was noted in the experimental 
group after 30 min of culture (28.29 gm) and the lowest 
after 420 minutes of culture (11.09 gm).

Velocity path parameters (VAP, VCL, and VSL) in
creased in the experimental group exposed to RF-EMW 
after 30 minutes of culture, but subsequently decreased in 
the experimental groups after 420 minutes of culture (Tables 
6-8), showing possible initial stimulation and subsequent 
velocity inhibition in the exposed group.

Values of spermatozoa linearity (LIN) in both the groups 
and time periods were similar and only after 420 min of 
culture a significant (P < 0.01) decrease in the exposed 
group was detected (Table 9). For amplitude of lateral head 
displacement a significant (p < 0.001) decrease only in the 
experimental group after 420 minutes of culture was noted

(Table 10). Beat cross-frequency (BCF) significantly (p < 
0.05) decreased in the exposed group only after 120 min of 
culture (Table 11).

Discussion

In the present study, the effects of radiation on sperma
tozoa motility parameters were analyzed. Obtained results 
showed a significant decrease in all motility parameters 
after 420 minutes of exposure, in comparison to control. 
An increase of detailed motility parameters (DCL, DAP, 
DSL, VAP, VCL and VSL) was noted after 30 minutes of 
RF-EMW microwave exposure in comparison to control 
spermatozoa.

Table 6. Velocity average path (VAP; gm/s) in different exposure regimes.

Group 0C 0E 30 C 30 E 120 C 120 E 420 C 420 E

n 48 48 48 48 48 48 48 48
Minimum 58.00 54.42 58.56 68.84 47.38 35.84 31.39 19.98
Maximum 89.33 89.84 90.42 97.79 76.98 68.04 48.64 47.63
Mean 75.20 75.39 75.39 80.34*** 54.03 53.46 39.19 32.64***
S.D. 10.22 9.31 5.73 6.23 5.20 6.48 4.33 6.27
S.E.M. 2.56 2.33 0.83 0.90 0.75 0.94 0.63 0.91
C.V. (%) 13.60 12.35 7.60 7.75 9.62 12.11 11 . 05 19. 22

n - number of analyzed fields; C - control group; E - experimental group.
***P < 0.001 (control vs. experimental group).
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Table 7. Velocity curved line (VCL; gm/s) in different exposure regimes.

Group 0C 0E 30 C 30 E 120 C 120 E 420 C 420 E

n 48 48 48 48 48 48 48 48
Minimum 87.89 98.25 96.60 125.50 81.95 64.31 57.44 31.03
Maximum 153 . 20 156.10 169.40 192.50 154.60 138. 20 92.73 91.22
Mean 124.10 125.80 140.80 151.70*** 98.16 96.73 72.67 61.63***
S.D. 19.73 18.63 13.16 13.51 12.18 13.90 8.61 12.91
S.E.M. 4.93 4.66 1.90 1.95 1.76 2.01 1.24 1.86
C.V. (%) 15.89 14.81 9.35 8.91 12.41 14.37 11.85 20.94

n - number of analyzed fields; C - control group; E experimental group.
P < 0.001 (control vs. experimental group).

Table 8. Velocity straight line (VSL; gm/s) in different exposure regimes.

Group 0C 0E 30 C 30 E 120 C 120 E 420 C 420 E

n 48 48 48 48 48 48 48 48
Minimum 51.55 55.64 49.71 55.29 34.86 29.18 23.51 9.66
Maximum 80.92 81.77 75.28 83.36 58.80 52.17 37.28 33.37
Mean 66.80 65.68 59.53 64.01*** 41.84 41.82 29.56 23.80***
S.D. 9.53 7.76 5.34 6.22 4.08 4.96 3.25 6.09
S.E.M. 2.38 1.94 0.77 0.90 0.59 0.72 0.47 0.88
C.V. (%) 14.27 11.82 8.98 9.72 9.75 11.86 10.99 25.60

n - number of analyzed fields; C - control group; E - experimental group. 
***P < 0.001 (control vs. experimental group).

GSM-like radiofrequency electromagnetic waves 
(RF-EMW) is used in modern technologies relating 
to electromagnetic devices. The cell phones operate 
at different frequencies and the safety standards that 
limit the RF exposure are different for each country. 
The ANSI/IEEE 1992 and NCRP (National Council on 
Radiation Protection and Measurements) set the standards 
for cellular phones and PSC phones at 0.57 mW/cm2 and 
1.2 mW/cm2, respectively.!11 The cell phones operate at 
860-900 MHz and the PCS phones at 1800-2200 MHz.

With the GSM phones with the latest digital technolo
gies, the TDMA and CDMA, the human brain, the eyes, 
and the auditory apparatus (which are the most exposed 
due to the location of the phone) become sensitive to the 
microwave carrier frequency as well as the pulses at differ
ent frequencies especially of 8.34 Hz and 2 Hz, which are

within the alpha and delta frequency range of the brain 
endogenous rhythm.[12]

The National Radiation Protection Board (NRPB) re
cently reviewed the influence of RF-EMW radiation on 
reproduction and concluded that there was no convincing 
evidence suggesting an effect.[13] Furthermore, effects re
ported could be attributed to thermal insult induced by 
RF exposure. However, this conclusion, so far as an effect 
of RF-EMW on male sexual function and fertility is con
cerned, was drawn from a very limited number of studies 
(some of doubtful scientific basis) and exposure levels con
sidered were orders of magnitude higher than that found in 
the mobile telephone range.[13]

Current knowledge concerning the influence of 
RF-EMW on male germ cells is extremely limited. Various 
studies have recently expounded on the possible influence

Table 9. Linearity (LIN) in different exposure regimes.

Group 0C 0E 30 C 30 E 120 C 120 E 420 C 420 E

n 48 48 48 48 48 48 48 48
Minimum 0.39 0.37 0.34 0.36 0.35 0.34 0.34 0.22
Maximum 0.52 0.52 0.53 0.47 0.47 0.48 0.44 0.49
Mean 0.45 0.44 0.42 0.42 0.42 0.43 0.40 0.38**
S.D. 0.04 0.04 0.03 0.03 0.03 0.03 0.02 0.05
S.E.M. 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
C.V. (%) 8.31 9.62 8.44 6.44 7.05 7.86 6.10 13.83

n - number of analyzed fields; C - control group; E - experimental group.
**P < 0.01 (control vs. experimental group).
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Table 10. Amplitude of lateral head displacement (ALH; gm) in different exposure regimes.

Group 0C 0E 30 C 30 E 120 C 120 E 420 C 420 E

n 48 48 48 48 48 48 48 48
Minimum 2.67 2.94 2.58 3.81 2.57 2.24 2.35 1.56
Maximum 3.98 3.92 5.51 5.83 4.63 4.73 3.89 3.85
Mean 3.54 3.55 4.59 4.75 3.50 3.54 2.94 2.44***
S.D. 0.35 0.342 0.63 0.55 0.42 0.60 0.35 0.54
S.E.M. 0.09 0.09 0.09 0.07 0.06 0.09 0.05 0.08
C.V. (%) 9.99 9.63 13.77 11.59 11.95 17.03 11.75 22.27

n - number of analyzed fields; C - control group; E - experimental group. 
***P < 0.001 (control vs. experimental group).

of RF-EMW on DNA integrity of male germ cells as well 
as on spermatozoa motility.[8’14-17] Recent epidemiological 
(cross-sectional or prospective) studies have highlighted 
the role of cell phone exposure on spermatozoa motility, 
morphology, and viability, suggesting a reduction in male 
fertilization potential.I5,15-18-20]

These studies examined the relationship of cell phone 
use and its effect on semen parameters and concluded that 
mobile phone use may cause a decrease in fertility. To con
duct a scientifically robust epidemiological study, a control 
group of people who are not using and have not used cell 
phones in the past is a necessity. However, enrolling a pool 
of such control subjects in today’s culture is extremely dif
ficult. An in vivo human exposure study to investigate the 
effects of cell phone radiation on semen parameters is not 
feasible, owing to ethical issues.

Another group of researchers reported that RF ex
posure at neither of the two SAR levels (2.0 and 5.7 
W/kg) had any effect on progressive motility assessed by 
CASA, a finding in agreement with the present study where 
changes in overall progressive motility after RF expo
sure were also noted.[16] In our study a lower motility 
and progressive motility (%) of spermatozoa exposed to 
RF after 120 and 420 min of culture was observed, 
in comparison to control. However, in an earlier study a 
decrease in rapid progressive and an increase in slow pro
gressive spermatozoa after RF exposure were reported.[16] 
On the other hand, an increase in non-progressive and im- 
motile sperm cell populations after exposure was noted

along with a decrease in both rapid and slow progres
sive spermatozoa.1171 Also, Davoudi and colleagues (2002) 
noted a significant decrease in the proportion of rapid pro
gressive spermatozoa after prolonged exposure (1 month, 
6 h/day).[15]

From the results of the present in vitro spermatozoa cul
ture exposed to microwave radiation, it has been noted 
that the parameters of path and velocity at the begin
ning of the culture significantly increase (up to 120 min 
of culture), but after longer culture (420 min) a sig
nificant decrease takes place in the experimental group 
as compared to control. Thus, the short term expo
sure increased the distance and velocity parameters of 
bovine spermatozoa, but longer exposure induced signif
icant decrease in all observed parameters of spermatozoa 
motility.

It is well known that leukocyte contamination sig
nificantly contributes to reactive oxygen species (ROS) 
generation leading also to reduction in spermatozoa 
motility.[21-23] It is thus possible that ROS generation due 
to leukocyte contamination and not RF-exposure could 
have contributed to the decreased in progressively motile 
population observed in these studies, explaining the lack 
of an effect observed in the processed semen sample used 
in the present study. Taking these facts into account, it 
can be concluded that a short wavelength range of 1800 
MHz exposure induces spermatozoa motility parameters, 
but longer exposure after 420 minutes of culture exerts a 
negative effect on spermatozoa motility.

Table 11. Beat cross-frequency (BCF; Hz) in different exposure regimes.

Group 0C 0E 30 C 30 E 120 C 120 E 420 C 420 E

n 48 48 48 48 48 48 48 48
Minimum 34.90 34.90 24.40 25.50 22.10 20.60 19.30 11 . 40
Maximum 38.40 38.90 31.50 31.90 31.40 29.50 26.40 29.90
Mean 36.60 36.50 28.40 27.90 26.60 25.70* 22.30 22.80
S.D. 1.17 1.17 1.63 1 . 28 2.39 2.02 1 . 24 3.19
S.E.M. 0.29 0.29 0.24 0.19 0.34 0.29 0.18 0.46
C.V. (%) 3.19 3.20 5.75 4.59 8.95 7.87 5.55 14.00

n - number of analyzed fields; C - control group; E - experimental group.
***P < 0.001 (control vs. experimental group).
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The prophylactic effect of vitamin C on induced 
oxidative stress in rat testis following exposure 
to 900 MHz radio frequency wave generated by 
a BTS antenna model

Gholamali Jelodar1, Saeed Nazifi2 & Abolfazl Akbari1

department of Physiology, School of Veterinary Medicine, Shiraz University, 71345 Shiraz, 
Iran, and 2Department of Clinical Studies, School of Veterinary Medicine, Shiraz University, 
Shiraz 71345, Iran

Radio frequency wave (RFW) generated by base transceiver station (BTS) has been reported to 
make deleterious effects on reproduction, possibly through oxidative stress. This study was 
conducted to evaluate the effect of RFW generated by BTS on oxidative stress in testis and the 
prophylactic effect of vitamin C by measuring the antioxidant enzymes activity, including 
glutathione peroxidase, superoxide dismutase (SOD) and catalase, and malondialdehyde (MDA). 
Thirty-two adult male Sprague-Dawley rats were randomly divided into four experimental 
groups and treated daily for 45 days as follows: sham, sham + vitamin C (L-ascorbic acid 
200 mg/kg of body weight/day by gavage), RFW (exposed to 900 MHz RFW) 'sham' and 'RFW' 
animals were given the vehicle, i.e., distilled water and the RFW + vitamin C group (received 
vitamin C in addition to exposure to RFW). At the end of the experiment, all the rats were 
sacrificed and their testes were removed and used for measurement of antioxidant enzymes 
and MDA activity. The results indicate that exposure to RFW in the test group decreased 
antioxidant enzymes activity and increased MDA compared with the control groups (p < 0.05). 
In the treated group, vitamin C improved antioxidant enzymes activity and reduced MDA 
compared with the test group (p < 0.05). It can be concluded that RFW causes oxidative stress 
in testis and vitamin C improves the antioxidant enzymes activity and decreases MDA.

Keywords: oxidative stress, radio frequency wave, testis, vitamin C

Introduction

Radio frequency wave (RFW) is produced by a variety of different sources such as 
radar installations, radio and television transmitters, medical microwave diathermy 
devices and domestic use of microwave ovens. However, expanding telecommu
nication technologies has become by far the most important source of nonionizing 
high-frequency RFW. A base transceiver station (BTS) is a technical apparatus which 
includes the antennas and their transmitter/receiver blocks, and manages the area
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corresponding to a geographical cell. Exposure to radio frequency fields emitted by 
mobile phones (which operate between 400 and 2000 MHz frequency bands) and 
their base stations has caused public concern regarding the possible adverse effect 
on human health. In the previous investigations it was shown that nonthermal 
microwave exposure is able to induce several changes at the level of DNA and 
protein molecules (Lai & Singh, 1996), alteration of heat shock proteins (Simko et al., 
2006) and increase permeability in blood-brain barrier (Salford & Brun, 2003). 
Reports of potential adverse effects of RFW on the brain (Huber et al., 2000), heart 
(Braune, Wrocklage, Raczek, Gailus, & Lucking, 1998), hematological parameters 
and bone marrow (Jelodar, Nazifi, & Nouhravesh, 2011a) and endocrine system 
(Burch, Reif, Yost, Keefe, & Pitrat, 1998;Jelodar & Nazifi, 2010;Jelodar, Nazifi, 
Nouhravesh, & Abiri, 2011b) in human and animals are widely documented in 
the literature.

The roles of radio waves in the etiology of reproductive pathology have been 
debated for several decades. Effect of exposure to radio waves (especially radio waves 
emitted from mobile phone) on the testis has been in great concern, because its 
continuous exposure to radiation impaired reproductive function. Use of mobile 
phones was reported to decrease semen quality in men by decreasing the sperm count, 
motility viability and normal morphology, which are dependent on the duration 
of daily exposure to mobile phones (Agarwal, Deepinder, Sharma, & Ranga, 2008).

L-Ascorbic acid is a six-carbon lactone ring structure with 2,3-enediol moiety. The 
antioxidant activity of ascorbic acid comes from 2,3-enediol (Lee, Koo, & Min, 2004). 
Vitamin C is a powerful antioxidant, acts outside and within the cell and provides a 
protective effect against several diseases including oxidative imbalances arising from 
various causes in the testis and other tissues (Kinil et al., 2011;Kumar et al., 2004; 
Mehmet, Namuslu, Devrim, & Durak, 2009). Also, vitamin C acts as a pro-oxidant, 
depending on the environment in which the molecule is present. Intracellular 
vitamin C concentrations in the low millimolar range (much higher than that in 
plasma) seem to be necessary to support its role as an antioxidant.

The aim of the present study is to investigate the effects of 900 MHz radio waves 
on antioxidant enzyme activity and malondialdehyde (MDA) levels in the rat testis, 
and to evaluate the protective effects of vitamin C in this tissue.

Materials and methods

Animal experiments
All investigations were conducted in accordance with the "Guiding Principles for the 
Care and Use of Research Animals” approved by Shiraz University. Thirty-two adult 
male Sprague-Dawley rats (220 ± 15 g) colony-bred in the Animal House Center, 
Shiraz, Iran, were housed (eight rats per cage) in the animal room under controlled 
lighting (12 h light:12h darkness) and temperature (20 ± 2°C) conditions and had 
free access to a pelleted food (formulated and made by Javaneh Khorasan Company, 
Mashhad, Iran) and tap water. All of the experimental procedures were carried out 
between 09:00 a.m. and 13:00 p.m.

Radio frequency signal generator
The signal generator for producing a 900 MHz signal was made in the Department 
of Electrical Engineering of Shiraz University, and the output was monitored by a 
spectrum analyzer (FSH6; Rohde & Schwarz, Munich, Germany) to ensure the 
correct forward power from the custom-designed mobile base stations on the 
animals exposed. The power of the BTS antenna at minimum distance from their

Electromagnetic Biology and Medicine
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installation site to a citizen's residence (17 m) was measured via a probe connected 
to the spectrum analyzer. The power level reading was — 75 db. Based on our 
calculation and evaluation, the signal generator could radiate the same power level 
at a 5 m distance. Hence, the test group and treated group were placed 5 m from the 
signal generator.

Experimental design
The effect of RFW (900 MHz) (power density 0.6789 mW/cm2) on the oxidative stress 
biomarkers in the testis of male rat and the role of vitamin C were studied by dividing 
the animals into four groups, each cage included eight animals and was treated 
orally as follows:

Group 1: The sham group (received vehicle, i.e., distilled water).
Group 2: The sham + vitamin C group, received vitamin C (200 mg/kg BW/day) 

orally by gavage.
Group 3: The RFW group was exposed to RFW of 900 MHz (received vehicle, i.e., 

distilled water).
Group 4: As RFW + vitamin C group received vitamin C orally by gavage 

(200 mg/kg BW/day) before exposure to RFW

Animals were exposed to the RFW 4h/day (between 9:00 a.m. and 13:00 p.m.) 
during a period of 45 consecutive days. The control rats were placed in the same 
conditions without applying the RFW.

Sampling and tissue preparation for enzyme assay
The animals were sacrificed after duration of treatment. Testis was quickly removed 
and carefully dissected from the surrounding fat and tissue and immediately rinsed 
in ice saline. The testis was rapidly homogenized manually in cold phosphate buffer 
(pH 7.4), and debris was removed by centrifugation at 2750g for 15 min. The upper 
clear supernatants were then recovered and stored at — 70°C for later enzymes 
activity and protein assays.

Measurement of superoxide dismutase (SOD) activity
Total SOD activity was evaluated with SOD detection kit (RANSOD kit produced 
by RANDOX Co., Northern Ireland Antrim, UK) according to the manufacturer's 
instructions. The role of SOD is to accelerate the dismutation of the toxic superoxide 
produced during oxidative energy processes to hydrogen peroxide and molecular 
oxygen. This method employs xanthine and xanthine oxidase to generate superoxide 
radicals which react with 2-(4-iodophenyl)-3-(4-nitrophenol)-5-phenyltetrazolium 
chloride (INT) to form a red formazan dye. The SOD activity is then measured by the 
degree of inhibition of this reaction. One unit of SOD is that which causes 50% 
inhibition in the rate of reduction of INT under the conditions of the assay. SOD 
levels were recorded at 505 nm and through a standard curve, and expressed as unit 
per milligram of tissue protein (U/mg protein).

Measurement of glutathione peroxidase (GPX) activity
The activity of GPX was evaluated with GPX detection kit (RANSEL kit;RANDOX Co.) 
according to the manufacturer's instructions. GPX catalyze the oxidation of 
glutathione (GSH) by cumene hydroperoxide. In the presence of glutathione 
reductase and NADPH, the oxidized glutathione is immediately converted to the 
reduced form with a concomitant oxidation of NADPH to NADP+. The decrease in 
absorbance at 340 nm against blank was measured spectrophotometrically. One unit 
(U) of GPX activity was defined as the amount of enzyme that converts 1 mmol of

© Informa UK Ltd.
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NADPH to NADP+ per minute. The GPX activity was expressed as unit per mg of 
tissue protein (U/mg protein).

Measurement of catalase (CAT) activity
Tissue CAT activity was assayed spectrophotometrically by monitoring the 
decomposition of H2O2 using the procedure of Aebi (1984). Briefly, 0.5 ml of 
30 mmol/l H2O2 solution in 50 mmol/l phosphate buffer (pH 7.0), 1 ml of 1:10 diluted 
testis supernatant, was added and the consumption of H2O2 was followed 
spectrophotometrically at 240 nm for 2 min at 25°C. The molar extinction coefficient 
was 43.6 l/mol per cm for H2O2. CAT activity was expressed as the unit that is defined 
as mmol H2O2 consumed/min per mg tissue protein.

Measurement of lipid peroxidation
To evaluate lipid peroxidation in testis a modified HPLC method was used which is 
based on the reaction of MDA with thiobarbituric acid (TBA) to form a colored 
MDA-TBA adduct (Lykkesfeldt, 2001). Briefly, 0.5 ml testis supernatant was added to 
2 ml TBA reagent containing 0.375% TBA, 15% trichloroacetic acid and 0.25mol/l 
HCl;the mixture was immediately heated (60 min at 95°C) and cooled with running 
water and thereafter butanol-pyridine (15:1, v/v) (1ml) was added and the final 
volume was adjusted to 2 ml with distilled water. After vigorous mixing, the organic 
layer was separated by centrifugation (16 000g, 3 min, at room temperature). The 
supernatant was analyzed on a UV-vis spectrophotometer fitted with an 80 ml flow 
cell (Hagar, El-Etter, & Arafa, 2006;Zal, Mostafavi-Pour, & Vessal, 2007). The 
absorbance was measured at 532 nm (the mobile phase consisted of 300 ml/l 
methanol in 50 mM KH2PO4, pH 7.0). 1,1,3,3-Tetraethoxypropane was used as a 
standard, and MDA-TBA reactive substances values were expressed as nanomoles 
per milligram of tissue protein (nmol/mg protein). The HPLC system consisted of a 
solvent delivery pump (980-PU, Jasco, Tokyo, Japan), a reversed-phase column 
(Luna C18, 250 mm X 4.6 mm; Phenomenex, Torrance, CA, USA) and a UV-vis 
detector (UV-975, Jasco) operated at 532 nm.

Protein content
The total protein concentration of tissue homogenates was determined according to 
Lowry, Rosebrough, Farr, and Randall (1951).

Statistical analysis
The results were expressed as mean standard error of mean (± SEM). All data were 
done with the Statistical Package for Social Sciences (IBM SPSS 16.0 for Windows, 
USA). The results were analyzed using the one-way analysis of variance (ANOVA) 
followed by post hoc Tukey's multiple comparisons test for comparison between 
different treatment groups. Statistical significance was set at p < 0.05.

Results

The mean values (± SEM) of GPX, SOD, CAT and MDA activity (as the biomarker for 
lipid peroxidation) in the rat testis tissue are presented in Figures 1-4. Exposure to 
RFW significantly decreased the activity of SOD in the test group compared with 
other groups, while administration of vitamin C could significantly increase the 
activity of this enzyme compared with the other groups (Figure 1) (p < 0.05). The 
control-vitamin C group receiving vitamin C also did not show significant change 
in the activity of this enzyme compared with control group.

Electromagnetic Biology and Medicine
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Figure 1. Comparison of SOD activity among the control and treated rats (n = 8). Values represent 
mean ± SEM of enzyme activity (U/mg protein of testes tissue). Different alphabets show significant 
difference between groups (p < 0.05).

Exposure to RFW also significantly decreased the activity of GPX compared with 
control group and administrated vitamin C raised its activity to the normal level 
(Figure 2).

CAT activity was significantly lower in the group exposed to RFW compared with 
the other groups (Figure 3) and pretreatment by vitamin C could have prevented this 
effect.

Exposure of rats to RFW significantly increased lipid peroxidation products (as 
shown by MDA concentration) as compared to controls, while pretreatment of rats 
with vitamin C suppressed MDA concentration significantly but could not bring it 
to normal level (Figure 4).

Discussion

In the present study, significant changes in indexes of oxidative stress was observed 
in testis following exposure of animals to RFW, which is in agreement with previous 
reports (Meral et al., 2007). Administration of vitamin C to exposed group could 
significantly reduce effects of oxidative stress. Vitamin C was reported to improve 
antioxidant enzyme activity and lipid peroxidation in rat testis, following induced
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Figure 2. Comparison of GPX activity among the control and treated rats (n = 8). Values represent 
mean ± SEM of enzyme activity (U/mg protein of testes tissue). Asterisk indicates statistical 
difference with other groups ( p < 0.05).
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Figure 3. Comparison of CAT activity among the control and treated rats (n = 8). Values represent 
mean ± SEM of enzyme activity (U/mg protein of testes tissue). Asterisk indicates statistical 
difference with other groups (p < 0.05).

oxidative stress by Polychlorinated Biphenyls (PCB) (Aroclor, 1254) (Kumar et al., 
2004) and cadmium chloride (Kinil et al., 2011).

Various studies have indicated that electromagnetic waves emitted from mobile 
phone (900 MHz) affect biological and biochemical responses, including cell 
proliferation (Blackman, Blanchard, Benane, House, & Elder, 1998;Pirozzoli et al., 
2003), cell surface properties (Paradisi, Donelli, Santini, Straface, & Malorni, 1993), 
apoptosis (Hisamitsu et al., 1997) and DNA damage (Yokus, Cakir, Akdag, Sert, & 
Mete, 2005). It is possible that nonthermal effects of electromagnetic waves from 
mobile phones increase the reactive oxygen species (ROS) in tissues and cells. It is 
well known that ROS lead to oxidative damage in major cell macromolecules, such as 
lipids, proteins and nucleic acids, and proposed to be the cause in tissue injury. ROS 
are scavenged by SOD, GSH-PX and CAT. MDA is the byproduct of the major chain 
reactions leading to the oxidation of polyunsaturated fatty acids and, thus, serves as 
a marker of oxidative stress-mediated lipid peroxidation (Kabuto, Yokoi, Ogawa, 
Mori, & Liburdy, 2001). The disruption of the oxidant/antioxidant balance in the 
testis and other tissues exposed to electromagnetic waves emitted from mobile 
phone has been shown in experimental studies (Amara et al., 2006;Ilhan et al., 2004).
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Figure 4. Comparison of MDA activity among the control and treated rats (n = 8). Values represent 
mean ± SEM of enzyme activity (U/mg protein of testes tissue). Different alphabets show significant 
difference between groups ( p < 0.05).
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Amara et al. (2006) showed that exposure to electromagnetic fields static (128 mT; 
1 h/day, for 30 days) decreased the antioxidant enzymes activity (Mn-SOD, CuZn- 
SOD, CAT and GPX) and increased lipid peroxidation level and production of free 
radicals, particularly superoxide anion in rat testis (Amara et al., 2006). Agarwal, 
Singh, Hamada, and Kesari (2011) reported that chronic exposure to electromagnetic 
radiation reduced the enzymes activity of SOD, GPX and CAT and increased lipid 
peroxidation (Agarwal et al., 2011). Also, Merala et al. (2007) showed that exposure to 
electromagnetic fields emitted from mobile phone (12 h/day, for 30 days) increased 
production of free radicals and decreased the antioxidant enzymes activity and 
increased lipid peroxidation in the brain and blood.

Vitamin C has a potent physiological role, also it has a very low standard reduction 
potential (282 mV) and is capable of regenerating intracellular compounds such as 
glutathione, NADH and NADPH (Chaudiere & Ferrari-Iliou, 1999; Lee et al., 2004). 
Also, vitamin C remove hydrogen peroxidase and other free radicals, thereby 
adjusting the activity of GPX and CAT (Ojha, Prasad, Manzoor, & Ahmad Khan, 
2010). In addition, vitamin C is capable of regenerating a-tocopherol from 
tocopherol radical species, thereby decreases lipid peroxidation levels. In 
conclusion, the results of this study suggest that RFW leads to oxidative stress in 
testis tissue and vitamin C via antioxidant role improved antioxidant enzymes level 
and decreased lipid peroxidation. There is a need for further study with different 
frequencies and exposure periods in order to discover the effects of RFW-induced 
oxidative stress in the testis.
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PME-FILEP TESTIMONY 

MPUC Docket No. 2011-00262

Please state your name and address.

Was a CMP smart meter installed at your residence?

Yes. I was not advised when it was done, but I believe it was installed in April or May 

of 2012.

Had you asked CMP to not install the meter?

Yes. I contacted CMP in the Spring of 2011 and told them that my wife had lived 

through a brain tumor and we did not want to risk any complications caused by radio 

frequency waves from a smart meter. They wrote back to in March of 2011 (see 

attached) agreeing not to install the meter until further notice. They sent me a form letter 

in early 2012 saying the meter would be installed unless I paid “opt-out fees.” I called to 

complain but they said it was “take it or leave it.” I finally wrote back in February, 2012 

(see attached) saying do what you have to do. I signed under protest. I cannot afford the 

special fees on my fixed income retirement.

Please describe why you do not want a smart meter at your residence.

My wife was diagnosed with a brain tumor in 1983 and God miraculously healed her 

less than a week before surgery. The meter on our house is right outside our bedroom 

window, not more than seven feet from her head as she sleeps. I am aware of some of 

the risks associated with radio frequency waves. 1 am a retired 

Director. I remember a PR story we did many years ago about an early warning radar 

system developed by Raytheon in Massachusetts. I remember clearly talking with
1
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people at the site in which it was mentioned that there was a poultry farm nearby and 

that many of the poultry became sterile.

Also, my father-in-law, now deceased, holds original patents on radar. I 

remember conversations with him on his work. Talking about one Raytheon story with 

him, it became apparent that there were serious questions about the little-known 

biological effects that radar can have.

Q. Please tell us anything else that you want us or the Public Utilities Commission to 

know about your experiences and circumstances.

A. The complete indifference on the part of all parties to our concerns. They could care 

less. The moral indifference is appalling and shows extremely poor corporate ethics. 

We are still very concerned. The least they could do is put a shield between the meter 

and our bedroom, which I had requested them to do.

STATE OF MAINE
YORK, ss: January 2013

Personally appeared the above-named stated under oath that the
foregoing Affidavit made by him is true and base^ipoOi^w^ersonal knowledge, 
information or belief, and so far as upon information and belief, he believes the information to 
be true. Before me,

LJbtckO/usL <|v
Notary Public/Attomey-at-Law

f'V/Yl bm-lO C/I V, ?)<"> n-C
Name Typed or Printed ^
My Commission Expires: ^ 2-0 >

. CONSTANCE Y. BRINE 2
Notary Public, Maine

My Commission Expires February 29,2016
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PRE-FILED DIRECT TESTIMONY
ofHHHHHHHBIB

MPUC Docket No. 2011-00262

Please state your name, address and occupation.

4 Q. Was a smart meter installed at your residence? If so, state approximately the

5 date when it was installed.

6 A. SCE&G/SCANA without my consent or knowledge installed an AMR on my gas

7 meter in December of 2009 and an AMR on my electric meter in January of 2010.

8 My three requests to have the AMR meters removed for dire medical

9 reasons and the request of my physician to have the meters removed from my

10 home were not honored and I was forced to abandon my home.

11 Q. Please describe why you do not want a smart meter at your residence.

12 A. In February of 2010, not long after the AMR meters were installed, I became very

13 sick. It started out like a flu virus. I had a fever and my body was aching all over.

14 Then all the joints in my body became swollen and incredibly painful: my fingers,

15 hands, wrists, feet, and even my head was swollen. I was in excruciating pain. I

16 lay in bed for six months crying. I had a rash all over my torso and arms. Due to

17 the lack of strength in my hands, I could not drive or even peel an apple. I had the

18 worst headache of my life. It took a year and a half for the pain and swelling in

19 my joints to subside.

1
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I was constantly sick with colds and the flu. I had horrible nausea and 

fatigue. My eyes hurt and were often very red. My throat was always sore. I 

developed a sensitivity to sound that persists today.

Six months after I became so sick in February 2010, my intolerance to 

chemicals exploded. I developed intolerances to things that had NEVER bothered 

me before like commercial printing ink, chlorine, synthetic fabrics.

In the summer of 2010, I began to have problems when I worked on my 

computer. At first it started with my face getting red and my head getting very hot 

after I had been working on my computer for 40 minutes or more. Then it got 

worse. I would experience horrible intestinal cramping, nausea and fatigue from 

working on the computer.

The problems I experienced when using my computer led me to learn more 

about EMF radiation. I had all the dimmer switches in my home removed. I 

stopped using my wireless router, microwave oven and hair dryer. I even 

reluctantly gave up my cell phone! But I was still sick and I was always sick at 

home. If I took a long car ride, I felt better. But, as soon as I returned home my 

symptoms returned: excruciating headaches, muscle cramping (especially in my 

legs), extreme fatigue, nausea, problems with my eyes, sweating all over my body, 

difficulty breathing and irregular heartbeats. The tissue in my brain was hurting 

and felt like it was burning. I had dry chapped lips; I was waking up in the middle 

of the night for no reason. I had gone into early menopause.

2
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1 On February 23, 2012, I called my utility company which was 

SCE&G/SCANA and asked if they had installed any Smart Meters on my home. 

An SCE&G customer service representative told me that yes they had! Without 

my consent or knowledge, SCE&G had removed the analog meters from my home 

in Charleston, SC and put a wireless automated meter reader (AMR) on the gas 

meter in December of 2009 and another AMR on the electric meter of my home in 

January of 2010. I was stunned to realize that the installation of these devices 

coincided with my becoming so very sick. I asked 3 times for them to remove 

these devices and they refused each time.

In August of 2012,1 was diagnosed with Toxic Encephalopathy (349.8) and 

Neurologic EMF Related Encephalopathy (348.30; E926.0). I have become 

Electrically Sensitive and am symptomatic around just about anything that is 

plugged in or has a computerized motor.

Do you experience electromagnetic sensitivity symptoms in proximity to other 

radio frequency devices, such as Wi-Fi, microwave ovens, cell phones or 

cordless phones? Please describe the symptoms and the circumstances when 

they occur.

YES. I cannot go near a Wi-Fi or wireless router.

If I accidentally get near a wireless router I get a searing pain in my brain 

tissue that feels like a dagger and a horrible headache. The tissue in my brain 

swells and I have intense pain in cranium, skin and hair follicles of my head. I then

become nauseated and am overcome by intense fatigue. The pain, nausea and

3
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fatigue will last for 36-48 hours. As a single mother of a young child this is an 

unbelievably awful situation to be in. My 2007 automobile makes me ill. Every 

time I drive it I become nauseated and get a headache. I have been looking since 

August for a low EMF car, but have not found one yet. I cannot be near office 

equipment or large electrical equipment (like in a grocery store) or I become 

nauseated. I have difficulty breathing and get abdominal cramping. If I am unable 

to get away quickly, I will start sweating all over my body.

I am sick, in almost constant pain. My Electro Magnetic Sensitivity or 

Radio Wave Sickness is almost completely debilitating. I cannot go near a 

wireless router without becoming horribly ill for 36 hours and experiencing 

horrible pain in my brain tissue. I cannot be near cell towers. I cannot be near 

office equipment or electrical equipment without becoming symptomatic. I can go 

almost nowhere. I cannot go to the grocery store. I had to hire someone to bring 

me my groceries once a week. I cannot go to the Library anymore. I cannot be 

near a CFL light bulb that is turned on. I have trouble being near the table lamps 

in the house we are renting! I cannot stand under an overhead lamp. I cannot be 

near other people's cell phones. I experience debilitating nausea, fatigue and 

headaches daily. My life is a nightmare. I am still searching for a car that has low 

EMF emissions. I get a headache and become nauseated every time I have to get 

in my car to take my son to school. Every aspect of my life has been affected. 

Even the land line phone makes me sick. I had to buy a special phone back in the

spring, and now I can only use it over the speaker phone sitting 6 feet away from it
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AND I can only use it for a total of 60 minutes a day and never after 6:30 at night. 

I turn the computer on usually once a week for an hour. I wrote most of this letter 

out long hand and had a friend type it for me.

If you have physical or medical conditions, including sensitivity to 

electromagnetic radiation, have these conditions been diagnosed? Identify 

the diagnosis or description of the condition.

Yes, See attached Diagnosis from my physician, In August of

2012, I was diagnosed with Toxic Encephalopathy (349.8) and Neurologic EMF 

Related Encephalopathy (348.30; E926.0). I have become Electrically Sensitive 

and am symptomatic around just about anything that is plugged in or has a 

computerized motor. Attached as Exhibits A, B, C and D are Dr. 

notes, dated August 21, 2012, her September 19, 2012, letter to SCE&G/SCANA, 

and a description of her background and credentials obtained from her website.

Has your physician or other medical care provider made any 

recommendations about exposure to electromagnetic devices, including smart 

meters? Please attach any recommendations in writing from your health care 

provider.

My physician has stated that I am in a crisis state and that I have no margin for any 

further exposure to EMF. Please see attached Rx form (Exhibit A) that states that 

I “have medical conditions that affect major life activities of essential neurologic 

function and/or breathing. It is medically necessary for her to have removal of 

EMF sources, including ‘Smart Meters’ (AMR).”
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Q.

A.

Q.

A.

If you had a smart meter for a period of time and experienced or observed 

symptoms or adverse reactions, did those symptoms or adverse reactions 

cease when the smart meter was removed? Describe the circumstances.

Meter was never removed, but if I went away from the home for extended period 

of time to an area without Smart Meters my symptoms lessened.

Has your experience with smart meters caused any disruptions in your daily 

living? Please describe the circumstances?

My experience has been devastating. Almost every aspect of my life has been 

affected. I had to abandon my home and move to a new community 45 minutes 

away. I had to find a new school for my son, my marriage fell apart. I am 

disabled now. Simple everyday functions like preparing a meal are complicated 

and medically risky for me now. I cannot be near our electric range and have to 

cook using the circuit breaker. I am so intolerant to natural gas that using a gas 

range is not an option for me. I cannot go to the library, the grocery store, or my 

friend’s houses in Charleston because they have AMR meters on their homes. I 

cannot even go into my child’s elementary classroom because his school has wi-fi, 

which I believe to be a very ill-considered decision on the part of the headmaster 

now that I have been forced to learn about long term health effects of wireless and 

EMF radiation. Electrical Sensitivity which my doctor has stated I acquired 

secondary to exposure to the AMR devices put on my home without my 

knowledge or consent has had a devastating impact on my life. It is not medically

6
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1 known how much recovery will be possible for me. I must try to avoid exposure

2 to EMF radiation.which is becoming more and more difficult in this country.

3 Q. Please tell us anything else that you want us or the Public Utilities

4 Commission to know about your experiences and circumstances.

5 A. These devices are not safe. They have not been tested. Children, babies in utero,

6 pregnant women, the elderly, those with inflammatory, immune system and

7 genetic disorders are all particularly at risk. As a group this is a large segment of

8 our population.
'fh

Dated this 2*1 day of January, 2013.

STATE OF SOUTH CAROLINA
CHARLESTON, ss: January j^L 2013

Personally appeared the above-named and stated under
oath that the foregoing Affidavit made by her is true and based upon her own personal 
knowledge, information or belief, and so far as upon information and belief, she believes 
the information to be true. Before me,

Notary Puotary Public/Attomey-at-Law
S fV( jz WM~t Li

Name Typed or Printed 
My Commission Expires: 7 jZoiH
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M.D., DR. P.H.
Occupational and Environmental Medicine

NAME_ 

ADDRESS

.AGE.

DATE S'- a/-

ffuUi. a.- 'l*4‘€tc&4 -jCiezt, <%fyyi<X
' a etuuu-Cu<i£. 'hiUAAt&'ffic * {U*d j or &V,Zt2f6cluj,.

f A. . 1 „
*4- 'ptecjvn&iw^ J&r -J&- .Ae4w.ev2t£

$t!Vur<^/ <2*.^
,4eAi4*Uij4fl- a,CSL^<^&^<Ma ~U etpt£Ltr-&>- -fc

\/ OC's ( MtyJrce/bn^ iVlvfo.*-® t ,MACLyv4

-Wh~ fe&&*htiC& , f.&&4a. Cesi^t-ct (to* fi}' fe^Sfeho. ,
LABEL 'Uln aS^ > te'Mu* ' '

REFILL 0 -1 - 2 - 3 - 4 - PRN ____________________________________________________________M.D.

, GENERIC SUBSTITUTION YES

EXHIBIT A
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FAX COYER SHEEr

1ft

Send SCfilfk From:
M.D.. Dr. P.H.

At**: £>&uM Ud&xr Date: $-2/- /2~ .

Office Location:
Office Location:

Fax No. 93? ~7£33 Re: ■

Urgeni^^ U Reply ASAP Opiease Comment [JPlease Review [J For Your Information

'ages (including cover page):

ff'jffi- j£t$k*r
M.D., DR. P.H. %o 3- <?S3 ~7&%3

Occupational and Environmental Medicine

JAME 

ADDRESS

.AGE,

DATE iX

7Y< -fe&G Qj\cx^*^k^^h CZWft OeJl 
>&&£&£ C3 % * ri £' f!2tf'<»•

•Tfer, ^

3?S %
/)/$A /M«w ^ 4>r As**? CtuM&X-
■f%e#jUm A re**™*4<X. ‘Mm&c**- «rfea,.

LABEL ^ ffxxfjie# ’
REFILL 0-1-2-3-4-PRN ___________________

GENERIC SUBSTITUTION YES______NO_________

M.D.

^his medical information in this FAX message is confidential and protected by both State and Federal Law. It is ml awful for 
authorized persons to review, copy, disclose, or disseminate confidential medical information. If the reader of this warning 

is not the intended FAX recipient or the intended recipient's agent, you are hereby notified that you have received this FAX 
message in error and that review or further disclosure of the information contained in this FAX is strictly prohibited. If you 
have received this FAX in error, please notify us immediately at the telephone number indicated above and either destroy these 
documents or return the originals to us by mail.
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BIT C

CERTIFIED LETTER RETURN RECEIPT

September 17, 2012 

Keller Kissam
President of Retail Operations
SCE&G/SCANA
220 Operation Way
Cayce, South Carolina 29202-3701

Dear Mr. Kissam:

1 have a patient from Charleston, South Carolina who developed encephalopathy secondary to exposure to 
two automated meter readers (AMR), one located about 2 feet from the head of her bed and one located 
only a few feet from her kitchen where she spent significant time. She was unaware these were installed in 
December 2000 (for pas) and January 2010 (for electric). Unfortunately, these were installed without her 
knowledge or consent However, she was unaware of them until February 2012 by which time she had 
developed progressively serious debilitating neurologic effects.

Unfortunately, the location of these devices contributed to harm. The location near her brain at night and 
repeatedly throughout the day has had a disastrous effect on her which is permanent because there is 
inadequate medical knowledge to reverse this form of damage.

When I inquired for medically necessary reasonable accommodation, I was treated with rudeness by the 
company representative for SCE&G/SCANA, accommodation was refused and I. was told that these 
devices were "safe".

I am a nationally known expert in occupational and environmental medicine and have been in medical 
practice for 39 years. I am familiar with variation in human response to EMF/RF emitting devices. 
Occupational and environmental medicine is a subspecialty of public health. I obtained public health 
training at Johns Hopkins and Harvard including but not limited to training in scientific methodology.

Because SCE&G/SCANA has represented these devices as completely "safe", l request a copy of all. 
scientific studies used to support such a statement.

Corporate representatives must stop representing these devices as "safe" for everyone. Individuals must 
be informed that if they have had symptom/health changes after installation of these devices that they 
describe these changes in a note or letter to the company and a properly designated agency. Any 
individuals requesting that the devices be removed should be honored both as a reasonable 
accommodation for persons who are affected and for others who are concerned about the location of the 
devices and wish to take measures to prevent damage to their brain and nervous system.

Neurologic changes can manifest themselves in many ways. These include cognitive changes, headaches, 
skin rashes, hormonal disturbances, muscle pain/spasm/twitching, changes in blood pressure, heart rate 
and rhythm (autonomic nervous system), changes in pain, inflammation, autoimmune response 
(biochemical changes associated with EMF/RF can increase free radicals inducing inflammatory changes), 
and other effects.

Page 1 of 2
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It is medically unacceptable to install devices without the knowledge or consent of individuals. Merely i
putting a note in a monthly bill is insufficient notificattori ter such a serious hazard. Many people do not J
notice or understand such inserts, most individuate regard inserts in their monthly bill as advertisements or \
other irrelevant information and it is easy for such notices to be omitted during the mailing and notification
process. It also completely teils to address the vital issue of location. Would anyone put a device near the
head of a child, pregnant woman, elderly person or anyone at aH given the current lack of human safety
data?

Present standards for exposure rely heavily on the amount that would raise temperature of body tissue.
This neglects evaluation of neurotransmitter function, which can be altered by much smaller doses. I 
recognize that device manufacturers should be expected to have more expertise than a utility user 
company; SCE&G/SCANA may have bean misled by manufacturer or industry association lack of 
knowledge and /or misinformation.

Action is now essential to scientifically evaluate health effects and to take prompt corrective measures to 
prevent more individuals from developing problems, and to prevent the further disabling of persons who 
have been affected.

I await a response regarding both the submission of scientific studies documenting “safety” of these 
residential devices (where 24/7 exposures can occur), which I need promptly, and the corporate plan to 
assess and minimize damage to the health of the public.

Cc: Governor Nikki R. Haley
Patricia Green, Director of Columbia FHEO Field Office
Dr. Margaret Chan, Director-General of World Health Organization
Tom Clifford, Executive News Director of The Post and Courier

Page 2 of 2
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About Dr.
Dr. Dr. P.H. has been practicing medicine for 38 years, with a major
focus on public health and prevention as well as medical care. She received her M.D. in 
1967 from the University of Kansas College of Medicine, the state of her childhood and 
youth. After two years of volunteer work in South Vietnam as a physician to civilians 
(1968-1970), she began her public health training, with a Master of Public Health at 
Johns Hopkins (1971), and a Master of Science and then Doctor of Public Health at 
Harvard (1975).

She returned to join the Johns Hopkins faculty, also attending courses there in 
toxicology (numerous courses), occupational medicine, industrial hygiene, and 
occupational and environmental epidemiology. She has been active in worker 
education, teaching occupational medicine to medical students at the University of 
Maryland School of Medicine, and occupational health policy at Johns Hopkins School 
of Public Health.

Dr. has been a consultant for Maryland OSHA, the New Jersey Department of 
Health (writing fact sheets on about 1,000 chemicals), Maryland Department of the 
Environment, WHO, US Congress, Walter Reed, National Academy of Sciences, US 
Environmental Protection Agency, US Agency for Toxic Substances and Disease 
Registry, US Department of Agriculture, California Department of Health Services, 
American Lung Association and other agencies.

She has also had an active medical practice evaluating and caring for patients with 
chemical injury, in documenting treatable biochemical and pathophysiological changes 
resulting from chemical injury, and developing science-based, non-harmful means of 
effective treatment. Education of patients, the public and professionals about the 
prevention, early recognition and science-based treatment of chemical injury remains an 
ongoing and vitally important interest.
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PRE-FILED DIRECT TESTIMONY 

MPUC Docket No. 2011-00262

Q. Please state your name and address.

Q. Was a CMP smart meter installed at your residence?

A. No. I requested early in the deployment that no smart meter be installed. CMP 

customer service made it difficult to agree with the request. I felt I had to keep 

watch of my house/analog meter for fear of not having my request upheld. 

Customer Service was argumentative and threatening. They made me give a 

reason for the request. They said it would have to be swapped out at a later date 

because the opt-out would not pass. Trying to get to the correct department was 

difficult and I was handed off to numerous people. I had to call numerous times to 

get them to finally agree with the request.

Q. If you do not currently have a smart meter, are you paying the opt-out fee?

A. Yes

Q. Please describe why you do not want a smart meter at your residence.

A. I am EMF & RF Sensitive to the point of daily discomfort in most public places. 

Symptoms include: heart palpitations, headache, dizziness, failing eye sight when 

around meters, body aches, restlessness, interrupted sleep, forgetfulness and 

shakiness. I have felt first-hand what the meters do to me physically. The 

deployment throughout CMP’s area has caused me to change the way I live.

1
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Please describe the symptoms and the circumstances when they occur.

I cannot work in an office setting in most buildings due to facilities having Wi-Fi 

and multiple cell phone users or close to smart meters. This makes for a non-ADA 

environment for me and I can’t function. When I do enter into spaces that have 

wireless technology I can only stay for a short time due to the symptoms described 

above. When I’m around iPhones and iPads I am in pain. In fact I tried using an 

iPad on 10/15/12 for the first time and was instantly dizzy and nauseous.

I have experienced relief from pain in my hands when using an external 

keyboard as opposed to my lap top keyboard. The EMF that comes off a laptop is 

such that it was causing arthritic-like joint pain.

Being in other public spaces such as stores and people’s homes with 

wireless and smart meters makes me uncomfortable as well. I limit my exposure 

as much as possible but it’s difficult to live a normal life with the fear of exposure.

I am also very sensitive to cell towers. When driving I can typically feel 

pain when a tower is about lA mile away. I don’t even have to see the tower...I 

know it’s coming up. The combination of cell towers, the smart grid, radio towers 

and high tension lines causes severe pain mostly in my legs and hips but 

occasionally in the temples and chest. When I’m closer to them the other 

symptoms occur.

I don’t have wireless connection in my home, never put a cell phone to my 

head and have replaced the cordless house phone for a land line. I check my cell 

phone on occasion throughout the day by using speaker only.

2
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Have you experienced symptoms while in the proximity of smart meters?

Example 1: When smart meters were first installed in my old neighborhood I 

detected a change while watching TV one night. I had a really strange feeling 

wash over me and I exclaimed to my husband that something is different like a 

surge of some sort. I thought it was from a cell tower but the pain and the new 

ache in my right temple was different. I had no prior knowledge the meters had 

been installed earlier in the day. A friend who lived approximately Vi mile away 

mentioned the next day her smart meter was installed. I felt the beginnings of the 

smart meter mesh deployment as it crept into my life that evening and now has 

consumed me every day since.

Example 2: On another occasion as I was raking leaves on the side of the 

house closest to my neighbor’s smart meter, I experienced worrisome heart 

palpitations and dizziness that made me stop what I was doing to clench my chest. 

I realized within seconds as I looked around that I was by their meter. I had 

completely forgotten to be cautious of being on that side of the house as I assisted 

with the Fall yard clean-up. When I realized my proximity to the meter I 

immediately moved to the back yard. It was then as I moved away from the meter 

that the palpitations subsided.

There have been so many other occasions but these stand out. They both 

were significant in that I wasn’t tuned into the cautious state of fear of avoiding 

exposure.. .1 was just living my life as I did pre-smart meter.

3
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If you have physical or medical conditions, including sensitivity to

electromagnetic radiation, have these conditions been diagnosed?

A. Diagnosed by: _______________
■Associates -

lerapy Associates -

Diagnosis: EM & RF Sensitive 

See Attached Exhibits A and B.

Has your physician or other medical care provider made any 

recommendations about exposure to electromagnetic devices, including smart 

meters? Please attach any recommendations in writing from your health care

provider.

A. All have recommended to keep away from devices that cause my symptoms 
as well as to not have a smart meter.

associates - Acupuncture for radiation/electromagnetic detox. 
Monthly radiation-detox baths.

erapy Associates - Supplements + drink hemp milk as
an antidote.

| - Radiation-detox baths, supplements, test and use if needed 
Stetzerizer throughout home. Use of a cell phone radiation bag.

Has your experience with the smart meters caused any disruptions in your

daily living? Please describe the circumstances.

YES! My husband and I moved to ■■IH^^in an area where homes are not 

close to each other. We moved in June of 2011. I was unable to withstand the 

symptoms in our home any longer. The house was in a fairly

dense neighborhood with one neighbor’s meter approximately 20’ away and others 

not much further from the house.
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I am extremely limited to where and for how long I can shop, visit friends 

and be in other public spaces due to the mesh network. I had to move to a home 

where the neighbors’ houses are further apart. I can’t work in a building with 

smart meters and wireless. I share space downtown with another group but rarely 

go there due to feeling sick within minutes. I have to go weekly or bi-weekly to 

acupuncture for treatment. This is not covered by my insurance. I have to pay 

CMP to opt out of having the smart meter. I can’t even go to my own rental 

properties since the tenants have the meters. One property has 4 units on^^^| 

Hill in amongst cluster housing. Because of the opt-out fees our tenants who are 

on a limited budget can’t afford the additional expense of the fees.

I struggle with the symptoms of exposure every day. Going for walks is 

now limited due to the heavy exposure in neighborhoods. I live in fear of the pain 

or heart issues that occur as I drive through densely populated neighborhoods with 

meters. The smart meter mesh has been and continues to be a financial, emotional 

and physical burden.

Please tell us anything else that you want us or the Public Utilities 

Commission to know about your experiences and circumstances.

As it relates to my sensitivity to all things wireless:

Another wireless device that I’m particularly sensitive to is the wireless 

units in automobiles, planes and busses. My car is a 2008 VW Passat. Within a 

week of ownership I experienced a discomfort in my legs and hips. Nothing else

had changed other than the new car. I had the fuse pulled from the heated seats, I

5
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adjusted the position of the seat to insure I wasn’t putting pressure on the back of 

the knee/leg which would interfere with blood circulation. I also drove my 2001 

VW Beetle (without or limited wireless) for a few days to see if there was a 

difference. There was definitely a difference in the pain driving the two cars. It 

wasn’t until 2011 when my mechanic mentioned there is wireless diagnostics in 

my car. It’s constantly seeking information to then display on the dashboard. 

That’s when it all made sense. The wireless in the car was why my pain has 

continued to this day. When I asked the VW dealer to tell me where the wireless 

‘hub’ was located and could it be disarmed, they were not willing to be of help. 

Purchasing a ‘new’ car will not solve the problem. I would have to buy an older 

car without the wireless system.

Wireless in public transportation is horrible for me as well. I also do not go 

through the radiation scanners at airports. The first (and only time) I’ve gone 

through one, I immediately got a headache and eye pressure. Another disruption 

to my life...I now have to be delayed at the airport due to the only reasonable 

alternative.. .the pat-down.

The whole smart meter fight has been weary, I’ve been extremely 

disappointed in whole procedure and I worry about my health and well-being. 

When testifying before the PUC Legislative Committee, it was clear the majority 

of them were bored. Many decided to focus on reading/answering emails or left 

the room in the middle of testimonies or had side conversations or thumbed

through other materials. I’ve never seen such a display of rudeness in my life!
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This is serious stuff and the casual attitudes by many on the panel were so 

transparent. We were each given a few minutes to make our case and we were 

made to feel hurried. These are people who are supposed to represent the citizens 

of Maine and what we got was what appeared to be a group who were bothered 

having to listen to us. I hope this time around different people are 

involved...people who care...people who have the citizen’s health, safety and 

well-being at heart.

The unfortunate thing with all of this is that scientists will take time (years 

most likely) to do research in order to publish studies. All of us who are feeling 

the chaos from the wireless smart meters are the canaries in the coal mine. We are 

living with the bombardment every day. But for some reason that has not counted 

towards being real in the eyes of science. It’s all very sad.

Dated this____ day of January, 2013.

STATE OF MAINE
CUMBERLAND, ss: January___ , 2013

Personally appeared the above-named and stated under oath that the
foregoing Affidavit made by her is true and based upon her own personal knowledge, 
information or belief, and so far as upon information and belief, she believes the 
information to be true. Before me,

Notary Public/Attomey-at-Law

Name Typed or Printed 
My Commission Expires: ____________
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attitudes by many on the panel were so transparent. We were each given a 
few minutes to make our case and we were made to feel hurried. These are 
people who are supposed to represent the citizens of Maine and what we 
got was what appeared to be a group who were bothered having to listen to 
us. I hope this time around different people are involved.. .people who 
care.. .people who have the citizen’s health, safety and well-being at heart.

The unfortunate thing with all of this is that scientists will take time (years 
most likely) to do research in order to publish studies. All of us who are 
feeling the chaos from the wireless smart meters are the canaries in the coal 
mine. We are living with the bombardment every day. But for some 
reason that has not counted towards being real in the eyes of science. It’s 
all very sad.

Dated this <~f^ day of January, 2013.

STATE OF MAINE Tn
CUMBERLAND, ss: January 9 ?2013

Personally appeared the above-named and stated under oath that the
foregoing Affidavit made by her is true and based upon her own personal knowledge, 
information or belief, and so far as upon information and belief, she believes the 
information to be true. Before me,

Name Typed or Printed 
My Commission Expires:

CHRISTY SOUOY
Notary Pubic, Maine

My Commission Expires December 6,2014
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November 10, 2012

RE:

To whom it may concern;

has been my patient for a number of years for physical therapy 
treatment of an ongoing hip problem. I have observed, on several occasions,

there is a palpable increase in overall muscle spasm with a significant 
decrease in range of motion. When I remove my cell phone from the 
treatment room, palpation of her muscles reveals a decrease in overall 
muscle spasm with an improvement in joint range of motion. If you have 
any questions please contact me.

Sincerely,

that when my cell phone is in my treatment room during^^B therapy,

Friedman lay Witness Testimony
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11/9/2012
To Whom It May Concern:

Be: Client,

I am a member of the Academy of Environmental Medicine.
I have studied and worked in the environmental health field for 
over thirty years. Every minute of every day, we are inundated 
by chemicals in our food, our water and in the air. The world’s 
dependence on chemicals has definitely forced its citizens to run 
a chemical gauntlet, in which not only the environment, but the 
people of the world are at risk. As a Certified Nutritionist, I see 
clients from all over New England and the United States who 
have become highly reactive to environmental chemicals.

Now we are facing another huge risk to our health and well
being: microwave radio frequency radiation. The World 
Health Organization classified microwave radio frequency 
radiation as a category SB carcinogen, same as DDT and lead. In 
the past 7 years, I’ve seen an increase of people who are 
extremely sensitive to the effects ofwireless technology.
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a client of mine. Over the years, she had created a 
healthy home environment, free of toxic chemicals and a diet of 
nutritious organic foods. When^^^started experiencing bone 
and joint pain, I suggested she remove all wireless technology 
from her home. The results were astonishing. Herjoint/bone 
discomfort went away. In the fall of 2010,1 received a phone call 
from^^H saying she was experiencing some joint pain 
in her hip, intermittent heart palpitations, nausea, interrupted 
sleep, eye pressure, hormonal changes and sudden headaches. 
The change? Unbeknown to^^H smart meters were being 
installed all over her neighborhood.

^^■has become extremely sensitive to Electro-Magnetic Fields 
(IMF) and Microwave radio-frequency(RF) radiation.
I have put her on a protocol of supplements that is regulated and 
altered as needed quarterly. In addition to the removal of all 
wireless technology in her home, I recommended testing her 
house with a Stetzerizer system, suggested implementing a 
radiation detoxification bath, and adjusted dietary 
considerations. These recommendations have helped with the 
frequency of significant occurrences that we identified as 
sensitivity to RF and IMF in 2011.

The utilization of Wireless/Smart Meters everywhere, is clearly 
becoming a debilitating health issue for many people, including

exposure to RF radiation, in particular, 
continues to be a burden to her body and poses great concern to 
her overall health and well-being both physically and 
emotionally.

Sincerely,
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PRE-FILEP DIRECT TESTIMONY 

MPUC Pocket No. 2011-00262

1 Q. Please state your name, address and occupation.

Q. Was a smart meter installed at your residence? ,

A. No. I do not want, cannot, and would not live in a house with a ;
“smart” meter because it emits microwave electromagnetic radiation. :
In July 2009, I became extremely Electromagnetic Hyper Sensitive :
(‘EHS’). Before the date, I was an avid user of wireless technology. j

10 I spent hours a day using my cell phone despite the fact that like j
11 many others, sometime I had occasional pains from it in my head. j
12 My laptop was my best friend. I am now unable to use or be near ;
13 any of these devices without experiencing severe physiological :
14 reactions to electromagnetic fields and especially from those in the ;
15 radio and microwave frequencies (‘RF5 and ‘MW’ respectively) i
16 such as “smart” meters. j

17 Q. Please describe your symptoms and the circumstances when they j
18 occur. ;

19 A. The symptoms I experience are varied but most seem to be j

20 neurological. Some symptoms are usually correlated to a certain type j
21 of exposure and others are changing. Amongst the symptoms I j
22 experience from RF/MW sources: j

I 23 (1) Heart palpitations
j 24 (2) Chest pains
I 25i (3) Difficulties breathing
! 26 (4) Tightness in my throat
1 27 (5) Sensation of electric shocks in my brain and penetrating pain
; 28 (6) Severe and intense pressure in my head, which also impairs
1 29 my cognitive abilities
; 30 (7) Intense pressure in my neck
: 31 (8) Headaches
: 32 (9) Sharp pain in my ears

1
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22

23

24
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27
28

(10) My eyes are jumping and I feel pressure at the back of my 
eyes

(11) Tingling feeling in my feet and hands
(12) Severe weakness that brings me to the verge of fainting and 

an inability to move
(13) Memory problems (especially a difficulty remembering 

words) and even problems thinking
(14) Dizziness
(15) Nausea
(16) Inability to sleep when exposed.

Specific symptoms by type of exposure:

WiFi - I get intense pressure in my head, my legs become very 
weak, and I can get to the verge of fainting. When exposed I am 
unable to think properly and function, I get nausea, and am unable to 
sleep.

Cell Phones: Each cell phone affects me differently but usually the 
symptoms will include sensations of electric shocks in various parts 
in my body, difficulty breathing, my face becomes hot and many 
times, and I may experience heart palpitations.

Radars from planes - They are extremely painful - very sharp and 
disabling pain in the head. Many times it can cause me to lose my 
balance as well as feel severe chest pains, as if someone stub me in 
the chest area and I cannot breathe.

Antennas - I feel pressure in the head, tingling in various parts of 
the body (mainly in the feet and hands), chest pains, difficulty 
breathing, and an inability to sleep.

Attached as Exhibit A is a summary of my experience with EHS. 

Have your symptoms been diagnosed?

A. I have 2 medical conditions:

31
32
33
34

(1) Hypothyroidism (Hashimoto) (since 1994) - An autoimmune 
condition which prevents the thyroid from releasing the hormone 
which regulates various activities in the body.
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(2) Electromagnetic Hyper Sensitivity (since 2009) - Various 
physiological symptoms in response to exposure to electromagnetic 
fields.

Both conditions have been diagnosed by medical professionals.

Has your physician or other medical care provider made any 
recommendations about exposure to electromagnetic devices, including 
smart meters? ■

A. Yes. My doctor, Prof. PhD., recommended a
complete avoidance of exposure to electromagnetic fields, mainly 
from RF/MM frequencies (such as Smart Meters) to which I am 
especially intolerant. Dr. is the head of Emergency Medicine
and Toxicologyin^^^p School of Medicine,
University inPHHNMML- See letter from Prof.
MD, PhD (Physics) attached as Exhibit B.

Please tell us anything else that you want us or the Maine Public 
Utilities Commission to know about your experiences and 
circumstances.

A. I have been personally contacted by hundreds of people who have 
became electro-sensitive because of “Smart” Meters. Many are 
successful professionals who became electro-sensitive after “Smart” 
meters were installed in their houses/apartments. Outrageously, 
many of these people were forced to leave their homes and have 
become refugees, many of whom are now living in their cars under 
inhumane conditions and torturous pains. To claim that these people 
are imagining what they are feeling is an absurdity, ridiculous, and 
against common sense and established science! Even if the science is 
not established, human evidence should suffice as most medical 
discoveries are based on human observation between cause and 
effect. Recently in the guidelines published by the Austrian 
Medical Association in March 2012 instructing medical doctors on 
how to diagnose electro-sensitivity, it was correctly stated:

"EMF exposure should in principle be taken into 
consideration as a potential cause, especially if the 
patient suspects that it may be the cause."

Following my efforts to ban Wi-Fi in schools the Israel Inter- 
Goveritmental committee on the issue (comprised of the Ministry

3

i
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of Health, Ministry of Education and Ministry of Environmental 
Protection which is responsible to regulate radiation) acknowledged 
electro-sensitivity and its correlation to exposure to RF/MW. Every 
week I am contacted by people who are contemplating committing 
suicide because they have nowhere to go and have lost hope. 
Anyone who is supporting “Smart” meters is in some way part of 
creating these (and many other) tragedies.

On August 19, 2012, the Deputy Health Minister of Israel (there is 
no Minister and so he is the Acting Minister) sent a letter to the 
Minister of Education, demanding to ban Wi-Fi in school. In fact, he 
stated that he is terrified of exposing children to chronic radiation 
and believes that this is going to cause us to regret our actions for 
generations to come. The letter and the English translation are 
attached as Exhibit C.

On August 28, 2012,1 submitted a petition to the Supreme Court in 
Israel asking for a complete ban since the government admitted the 
health effects of RF/MW; any involuntary exposure of the children 
in schools should be banned without exception. It is important to 
note that the government acknowledged that there is a moral and 
legal responsibility not to expose the children to this harmful 
radiation.

On October 1st, 2012, the Ministry of Education of Israel, 
acknowledging the potential health effects of RF/MW and the 
increased sensitivity of children, issued a decree to all the schools 
instructing them to use only wired networks (essentially banning 
WiFi, with one exception). Nevertheless, we continue our case to get 
a complete ban without exceptions and to ensure enforcement of this 
policy.

The person who is responsible for establishing the radiation 
standards in Israel, Prof. Stalian Gelberg (Physics Prof.), sent an 
email supporting a complete ban of WiFi in schools. In essence, by 
supporting a complete ban he is admitting that the existing standards 
are not safe, especially in regards to children. Any unnecessary 
exposure such as from “Smart Meters” should be banned, or at least 
should not be forced on people and their children in their own home!

In a tort case in Israel from 2009, a judge ruled against a cell phone 
company and a neighbor who leased his apartment to the cell phone 
company to install a cell phone antenna. The court decided that in

4

i
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1 the matter of science where there is not a consensus yet, and is not
2 completely determined, once the plaintiff proved some correlation
3 between the cause and the effect the burden of proof is reversed. It
4 then shifts to the Defendants to prove that there is a 0% chance that
5 their actions are the cause of damage. Unless they can prove it, they

• 6 are liable.

7
8 

9
10

Forcing Smart Meters on people in their homes will, in effect, be 
forcing people (especially children) to endure radiation which 
has been proven to be harmful to humans (and especially to 
children).

STATE OF NEW YORK
GREENE, ss: January___ ,2013

Personally appeared the above-named and stated under
oath that the foregoing Affidavit made by her is true and based upon her own 
personal knowledge, information or belief, and so far as upon information and 
belief, she believes the information to be true. Before me,

iblic/Attomey-at-Law

Name Typed
11

Kelly S Latta
Notary Public in the State of New York 

Qualified in Greene County 
No. 01LA6020528

My Commission Expires: "I, j

5
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2 EXHIBIT A
3 Testimony ofWMWW
4 Summary of EHS experience
5
6 Until July, 2009, like most people, I preferred to enjoy my cell phone and Wi-Fi and not
7 think about the harmful effects of wireless technology. I was 36 and an attorney in NY
8 and Israel with an MBA. I was 'Miss Gadgets' and was the embodiment of this wireless
9 age. I did not have a home phone and I spent hours a day using my cell phone despite

10 the fact that like many others, sometime I had occasional pains from it in my head. My
11 laptop was my best friend. I was one of the first to purchase cellular wireless Internet
12 connection for my laptop to ensure that I had Internet connection wherever I went. I
13 even met my husband while 'stealing' wireless connections and wondering why there
14 wasn't any Wi-Fi everywhere when most people had no clue what it was (this was over 7
15 years ago). My husband at the time (we divorced because of my EHS), is an MD, with
16 PhD in molecular biology. When he received an appointment at University
17 after working for an investment company in Manhattan as the adviser to the Chairman, I
18 decided to start my own law practice and have a baby. A few months later, I became
19 electro-sensitive ('EHS') and now as a result, I cannot work, I divorced my husband, I live
20 in isolation and I would not have children and be a mother with the uncontrolled and
21 irresponsible expansion of wireless technology (including "Smart" meters). I don't know
22 for how long I will be able to survive in this world.
23
24 I became EHS on July 19th, 2009, when excited, I got a new Mac laptop for the law
25 practice I was starting, but when I got home and used it something was wrong. The area
26 near the mouse pad was vibrating and I started feeling a tingling sensation in my hands
27 and feet. The logical inference was that I was feeling static electricity as a result of the
28 defect and just planned to change the computer the next day. But after changing 5
29 laptops in 3 weeks when all the laptops were confirmed by technicians (including Apple
30 technicians) to be defective - and I was getting more and more symptoms - it was clear
31 that something was wrong.
32
33 When I tried to use the laptops I started feeling pressure in my chest, increased heart
34 rate, difficulty breathing, dizziness, headaches, my face would become red and hot, and
35 I was nauseous. I had weird cognitive problems - I could not find words and when my
36 husband talked to me 5 minutes later I would not remember that he did. I suddenly
37 could not touch my cell phone and if I put it near my head I felt intense and penetrating
38 pain, as if someone was drilling in my brain. While it was clear that I was reacting to
39 something to do with 'electricity' it took me 5 months and 10 doctors to figure out that I
40 now suffered from electro-sensitivity, a condition I never heard about before, it also
41 took time to identify all the causes of pain such as intense Wi-Fi signals from all the
42 apartments around me and 3 cell towers within 500 yards...
43 •

Friedman Lay Witness Testimony
Redacted 32 of 293



! 1

j 2 The first doctor I went to see was a cardiologist from When I told her about the
| 3 symptoms she said that she also got nauseas when she was using her laptop. The
j 4 second doctor was a neurologist who said he never heard of the problem before and

5 that if he did not meet me he might have thought it was a mental problem; however,
6 now that he saw my condition it was clear that it was not. The only thing he could offer

( 7 was a pain clinic. Eventually I called a family doctor my husband knew from MVand
j 8 when I explained the symptoms to the secretary she immediately said, "You suffer from
I 9 EHS," and gave me some internet links. Around the same time, a friend who is a Prof, of
j 10 Pediatrics in who knew what was going on with me called me and said that
I 11 there was an article about my problem in 'Prevention Magazine'; the pieces started to
j 12 fall into place. I was lucky to figure out what was going on and so immediately I tried to

13 practice avoidance.
14
15 Israel - And so my first action was to decide to go to Israel. I thought that since they

( 16 build houses differently and better, l will feel better there; it was an unfortunate choice,
i 17 On my first day there my body collapsed. While I was driving I felt intolerable pain. I
j 18 looked up and I saw 'white stripes' on the roof of the mall, it was clear the pain was
! 19 coming from there, and when I asked my mother what they were, she told me that they
j 20 were cell phone antennas. Until that moment I did not know I felt antennas. I had tears
j 21 in my eyes and all I could say was "For God's sake, there are children growing up here."
| 22
j 23 Until the time l went to Israel I was already EHS, but I could stii! function to some extent;
i 24 however, from that moment on my condition quickly went downhill and my life became
i 25 a nightmare. I could not sleep anymore, the pain was intolerable and life had become
i 26 impossible. How can you survive in a wireless world with a sensitivity to wireless?
j 27 ' ' '

28 At my parents' house I had to be on the floor until we shielded one of the rooms. I 
j 29 spent much time in bed with tormenting pains, crying quietly and just wanting to die.
! 30
j 31 Green Bank, West Virginia - When I came back to the US a month later I was a very
j 32 different person, very EHS. For a month I was unable to sleep, which was torture for I
j 33 was desperate to sleep and get a break from the pain. I purchased shielding fabrics and
j 34 other items that were supposed to help, but nothing did. When I heard that there was a

35 place in West Virginia without cell towers and radiation because of an observatory that
36 belongs to the Federal Government, I just took a car and drove there. I stayed in a tent

j 37 for a week; while I could not sleep as it was too cold, for the first time in months I had
\ 38 clarity in my head.
| 39
I 40 I found a job on a farm and spent 3 months there, taking care of horses, goats, lamas, a
i 41 sheep and painting fences; for a while I felt better.
j 42
! 43 Living in my car - Eventually I went back to NJ, and my husband (now ex-husband) and I
: 44 decided to try and find an isolated place in which to live. In those months I stayed in the

; • 7
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1 car, in impossible conditions and my health quickly deteriorated; it was a nightmare. I
2 could not be in my apartment, could not find a house, and I spent my days desperately
3 trying to find a place without radiation in which to park my car. Sleeping was impossible.
4 At nights I parked my car in parking lots and would cover the windows with dark cloths
5 and sheets so people would not see me. I could not really sleep as there is no place
6 without radiation and the pains were tormenting.
7
8 My marriage also deteriorated. There was nothing really my husband could do to help
9 and it was depressing him to see me suffer so much knowing he could not help. I

10 decided to get a divorce. As it was clear that with the expansion of wireless technology
11 my life was going to be a long nightmare, I felt that it was enough that my life got ruined
12 -1 didn't want his life to be destroyed as well.
13
14 Staying in South Carolina -1 spoke to a British EHS woman who is also an ER doctor (she
15 was in the US as her husband, a fighter pilot in the British Air-force was in an exchange
16 program) and she offered to let me come and stay in an isolated cabin in SC. I stayed
17 there for 6 weeks and slowly my body started to calm down and after 4 weeks I finally
18 was able to find a spot in the house to sleep.
19
20 Back to living in my car - My husband and I decided to try and save the marriage and so
21 I went back 'home' i.e., to sleeping in my car and trying to find an isolated house again.
22 The winter came and it was impossible to be in the car when it was freezing outside.
23 Eventually after physically checking almost 200 houses I found an isolated house in a
24 farm. After IS months of nightmares I was finally able to sleep. However, the nightmare
25 still continued. I still could not go anywhere, not even to a doctor or to work; driving on
26 the roads was also impossible. My husband and I decided to divorce.
27
28 Finding a house in NY (1 out of 500 houses) - As I did not have to be in NJ anymore I
29 decided to move to the Catskills in NY, hoping to find a place with less radiation, less
30 antennas, less people and planes and mountains that could block the radiation. My
31 father came from Israel to help me look for a house as being on the roads with antennas
32 and cars full of gadgets was impossible.
33
34 Out of 500 houses we found only 1 in which I could be and even in that house I can use
35 only 1 room and a small area in the living room. There is no "Smart" meter (for now),
36 the closest neighbor is 300 yards away (such distance is required in order to not be
37 affected by a neighbor's Wi-Fi, cordless phones and other gadgets), there is only spotty
38 cell phone reception, and radiation from only one radio station.
39
40 Mv life now
41 I have been living in this house for a year now and my condition improved. I feel much
42 better as I have no exposure to RF/MW, but my life is pretty much still impossible as I
43 am a prisoner in my own house. I cannot go anywhere, be anywhere, or work. I cannot
44 access a doctor or even to go to court to enforce my rights. I go once a month to

8
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1 civilization to buy groceries. Many times I cannot even do that and depend instead on
2 friends to buy food for me. My money is about to run out and as I cannot work I don't
3 know what I will do. Most of all though I am terrified of the day they will put "smart"
4 meters here too...where will I go?
5
6 From a vibrant, independent, healthy, and career-oriented woman, I have become a
7 disabled person without rights and or the ability to survive In this world. From a lawyer I
8 had to become an expert on electromagnetic fields and the science behind it. I was
9 astounded to discover this huge body of science which goes back to the 50's which

10 proves beyond any doubt the adverse biological effects of this RF/MW-based j

11 technology. I also discovered hundreds of papers which prove the existence of EHS and j
12 that it is actually the first condition that was attributed to RF and microwave radiation. i
13 Considering we are dealing with EMF's it is very clear that symptoms which are j

14 associated with the electric nervous system would be the logical manifestation of the !
15 harmful effects of RF/MW. I believe that the focus on cancer is intended to mislead the j
16 public from the real problems associated with RF/MW. I was horrified to discover the j

17 extent of sickness this radiation is causing and it became clear that we are already j
18 experiencing an epidemic and the biggest and most cruel deception ever visited on the j

19 public. !
20 j
21 My life as I knew it, worked for, and wanted to it to be is lost now. The only reason for j
22 my life now is to help other people who suffer from this horrendous condition, to <
23 inform the public about the harmful effects of this technology, to force governments to j
24 take responsibility and to bring to justice all those who abused and betrayed their public |
25 duty to protect the public. The adverse effects of this radiation are well established and j

26 anyone who ignores them is and should be liable. I am working to ensure that people [
27 with EHS will have basic human and civil rights which are currently and cruelly denied to j
28 them; I am working to expose this deception on the public, as well, and am focusing my ;
29 efforts both in Israel and the US. ;
30 |
31 Following my efforts in Israel to ban WIFI in schools, the government admitted to the I
32 existence of EHS and the ministry of education ordered the schools to use wired i

33 internet as opposed to WIFI. Although the Government announced that wired networks i
34 should be used after I submitted a case to the Supreme Court demanding to ban Wi-Fi in j
35 schools, I continue with the lawsuit in order to force a complete ban and enforcement. !
36 j
37 Is It Real? j
38 No one who has been around me ever doubted what it was that I am suffering from. j
39 Not my husband, not my family, not my friends and not my neighbors. Every journalist i
40 that I met also was convinced immediately as it was very easy to prove. A journalist i
41 followed me for the month that I was looking for a house in NY and has hundreds of j
42 hours of film of how I am affected by EMF's. Doubting the existence of EHS is ignorant, j
43 ridiculous and cruel. {
44 ;
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EXHIBIT

l'B

DOCUMENTATION OF DISABILITY 
BY MEDICAL OR OTHER PROFESSIONAL AUTHORITY

The testing and this form must be completed by a qualified diagnostician with comprehensi ve training and 
direct experience in Working With adult populations, Diagnosticians should attach to this form a 
description of their academic credentials and qualifications that allow them to diagnose disabilities and 
recommend accommodations on the West Virginia Bar Examination ,

Petitioner's; Name
(Please Print)

Date(s) petitioner was examined or under my care ^ j ^ ^ '

I last examined the petitioner on j 3- 0- (I & ' i . ' j

Petitioner's Snbiective Complaints: 1 ~

Treatment or testing consisted of Q ptiyuL^

Examiner's Objective Findings (Attach separate sheet indicating specific tests performed and the 
peti tioner's results /where .applicable. Please, be as specific as possible to facilitate a review of your 
findings by the Board's consultant):

# hlmAsJ ,Cl

Nature and extent of disability G"f
— —j

Prognosis:. iCrWUnA. CtMJL tpKfiJ.

4 scm**> 4tu
Mo. t,

Based on the foregoing information and my professional opinion, the patient's disability is 
(permanent / temporary]. If temporary, please explain:

«*“**"* bernowedt

1
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A description of the West Virginia Bar Examination is attached. Based on the examination information 
- provided, how will the petitioner's disability affect his/her ability to read, write and/or concentrate during 

standardtesting? " * ‘ * *

Typical modifications in the past Igive included but have not been limited to questions in braille, 
audiotaped questions, large print, reader, sign language interpreter, writer, extra time (typically time and a 
half is the additional allotment for disabilities that necessitate extra time. Double time has been granted 
on occasion but the use of double time has been limited due to security concerns). Accommodations riiay 
not alter the nature or content of the examination or the Board's ability to determine through the 
examination that the applicant possesses the essential skills and aptitudes required for admission to the 
practice of law, or compromise the security, integrity j reliability or validity of the examination.

What modifications in standard testing would you suggest to accommodate the disability of this 
petitioner? . .1^ ^ Cf L

fdifimSer pMty ^fiur 
of West Virginia. , 1

tffn famu byExecuted on

Name:

’ianmArnls, true anti correct under the Staid^ ^ *

Telephone:
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THE LETTER OF THE ISRAELI DEPUTY HEALTH MINISTER ^ACTING MINISTER!

Ministry of Health

The Deputy Minister of Health (Acting as the Head of the Ministry)

August 19th, 2012

I To my Esteemed & Honorable, . ,

i MP Gidon Saar,

i The Minister of Education,

: ) t *

I
; Hello and greetings.
! ' .
; I received the copy of the letter sent by attorney Michael Bach, in which he
; specify the possible health risks associated with the deployment of wireless
I internet in schools.

; j

i ! deeply sympathize with attorney Michael Bach's letter. I had dealt with this
j subject in the past, and although S am not a professional, S do fear that there will
! come a day that we will ail shade tears regarding the irreversible damage that we,

in our own hands cause the future generation.

The process of deployment of wireless internet has to be paused and should be 
reconsidered comprehensively.

With Respect,

Ratal Yaakov Litzman, Deputy Minister of Health.
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1 Q.

2 A.

3 Q.

4 A.

5

6 Q.

7

8 A.

9

10

11

12

13 Q.

14

15

16 A.

17 Q.

18

19 A.

PRE-FILED DIRECT TESTIMONY 

MPUC Docket No. 2011-00262

Please state your name, address and contact information.

Was a smart meter installed at your residence?

No. However, my health and the ability to perform activities of daily living were 

affected as a result of smart meters installed in my neighborhood.

Did you offer to provide testimony in another proceeding about your 

experience with smart meters?

Yes. I have had serious health problems related to smart meters and I offered 

testimony in a Michigan Public Service Commission hearing (Case No U-17053) 

reviewing a proposed opt-out program for Detroit Edison Company’s Advanced 

Metering Infrastructure. Unfortunately, the Commission would not accept any 

testimony about health and safety issues.

Is the attached document marked as Exhibit A a true and accurate copy of 

the testimony that you offered to provide to the Michigan Public Service 

Commission?

Yes.

Are the statements that you made in the attached Exhibit A still true and 

accurate?

Yes.
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1

2

3

4

5

6

7

8

9

Q. Do you wish to add anything here not included in your statement in 

Exhibit A?

A. Yes. I would like to add 3 pages of my physician’s notes that document the

diagnosis of EMF sensitivity. True and accurate copies of the notes are attached 

as Exhibit B.

Q. Do you want to submit the statements in Exhibit A to the Maine Public Utility 

Commission for consideration in its pending proceeding to investigate the 

safety of smart meters?

A. Yes. I submit the attached sworn testimony in support of complainants Ed

Friedman, et al in their case before the Maine PUC as evidence that smart meters 

are not safe.

STATE OF MICHIGAN
WASHTENAW, ss January 2013

Personally appeared the above-named and stated under oath that the
foregoing Affidavit made by her is true and based upon her own personal knowledge, 
information or belief, and so far as upon information and belief, she believes the 
information to be true. Before me, V f) r\ \ \X)AJ:o o,

LYNDA J WILLIS 
Notary Public - Michigan 

Wayne County
My Commission Expires Sep,1(3S!8 
Acting m the County^ot

A.'A

(0, tn
Typed or Printed 

My Commission Expires: Q lk

Friedman Lay Witness Testimony
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PRE-FILED TESTIMONY 
OF JOSHUA HART 

MPUC Docket No. 2011-00262

Q. Please state your name and business address.

A. Joshua Hart, P.O. Box 30, Davenport, CA 95017. 831-421-0822 
josh@stopsmartmeters.org

Q. Briefly state your occupation, educational background and current employment.

A. Currently I am Director of Stop Smart Meters!, an organization fighting the forced 

deployment of utility meters that harm health, violate civil liberties and endanger public 

safety. I have worked in the energy industry, as an urban and transportation planner, 

environmental advocate, and freelance journalist. I obtained my MSc in Transport Planning 

in the UK at University of West England, Bristol in 2008, and completed research entitled 

Driven to Excess, presenting the social and quality of life impacts of car traffic on local 

residents. The research was covered in over 100 international media outlets including the 

BBC, the Guardian. Tehran Times, and the Daily Mail. Part of this work included the 

creation and implementation of various surveys and questionnaires.

My writing has appeared in Surveyor Magazine. Walk Magazine. Make Magazine. 

Carbusters and Lonely Planet’s anthology Flightless: Incredible Journeys without Leaving 

the Ground. Attached as Exhibit A is a copy of my CV.

Q. Briefly describe your professional experience.

A. I have worked for a number of professional health and environmental advocacy 

organizations, including the Rails-to-Trails Conservancy, San Francisco Bicycle Coalition 

and a UK based pedestrian advocacy organization called Living Streets. Since 2010,1 have 

been director of California-based Stop Smart Meters! I have studied the relevant literature

1
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regarding aspects of the current “smart grid” deployment including studies on RF health and 

environmental impacts.

Have you authored any papers or journal articles?

I have published the results of a study I carried out between 2007- 2008 at the University of 

the West of England entitled Driven to Excess Impacts of Motor Vehicles on the Quality of 

Life of Residents of Three Streets in Bristol UK. The journal article was published in June 

2011 in Volume 17.2 of World Transport, Policy and Practice.

Briefly describe your work and experience related to the study of electromagnetic 

fields and radio frequency waves in the 30 MHz to 300 GHz range (“RF”), and about 

their potential effects on biological systems. If you have conducted any studies or 

published any writings on the subject, briefly describe them.

As a grassroots journalist and citizen advocate, I have investigated hundreds of cases of 

reported health and environmental impacts of smart meters and other wireless facilities. I 

have also read hundreds of scientific reports on the subject and attended multiple 

workshops, public forums, and conferences regarding RF, electromagnetic fields, and health.

In your role as Director of Stop Smart Meters! have you obtained information 

confirming that utility customers have experienced adverse health effects associated 

with smart meters?

Yes. I have personally interviewed, read first person accounts and listened to first and 

second hand accounts of smart meter victims suffering from a wide range of adverse health 

effects from mild to severely debilitating. I am familiar with well over one thousand such 

accounts. Many of these victims began suffering symptoms before they knew a smart meter 

had been installed either on their home or in their neighborhood. Many of these people have 

become so sensitized they have been forced from their homes [because of proximity to area

2
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meters] and have been forced from their jobs because of RF in the workplace. For many 

people who have become sensitized to RF, they have remained so even with removal of their 

meter. While we may not have a sufficient understanding of the effects of RF and 

mechanisms of interaction with biological systems to establish 100% certain causation, it’s 

astoundingly clear in repeatable real life situations that smart meters can cause adverse 

biological effects and that sensitivity to RF can result from instant exposure and or exposure 

over time.

Have you obtained information about smart meters being implicated in house fires and 

appliance failures and fires?

Yes. Hundreds of such fires, explosions, and electrical problems have been reported over 

the past 3-4 years. We have reported on several such fires and electrical faults on 

StopSmartMeters.Org. A series of 26 smart meter fires forced Peco Energy in Pennsylvania 

to halt their smart meter deployment in August 2012.

Have you gathered accounts of adverse health effects from smart meters and if so 

please describe how?

Yes, Stop Smart Meters! has collected complaints about smart meters related to RF health 

impacts, fires, overcharging, and other issues since October 2011. We worked with a web 

professional who volunteered to design and manage the website http://smartmeterhelp.com. 

Results of online surveys came in from all over the country, were entered into a SQL 

database, and complaints from California periodically forwarded to the California 

Department of Public Health, Governor Jerry Brown, the customer’s utility company, and 

the California Public Utilities Commission. More than 1200 complaints have been received. 

These included a significant number of health related complaints. The attached declarations

3
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1 (Exhibits B) were received in response to an e-mail request to those complainants who

2 entered an electronic complaint at smartmeterhelp.com

3 Q. Are the attached Exhibits B true and accurate copies of the declarations received by

4 Stop Smart Meters! from people who had responded to your online survey?

5 A. Yes. I have reviewed each of the attached declarations. They are all true and accurate

6 copies of the declarations received by Stop Smart Meters! and I have submitted them to

7 attorney Bruce McGlauflin for inclusion as testimony in the present Maine investigation.

Dated this day of January, 2013.

Joshua Hart

4



HART EXHIBIT B

Smart Meter Health Effects Authorization

I • authorize use of my declaration regarding personal
health effects from smart meters previously submitted to Smart Meter Help! or Stop Smart 
Meters!, to be used in the current smart meter safety investigation before the Maine Public 
Utilities Commission in the matter of Ed Friedman, et al- MPUC Docket No. 2011-00262.

I further authorize Josh Hart of Stop Smart Meters! to attach my declaration to his 
testimony in the MPUC proceeding to be submitted by Bruce McGlauflin, Esq., 
representing the complainants, Ed Friedman, et al, in that case, with the understanding 
that my declaration will become part of the public record in that proceeding.

Signed this 33- day of January, 2013 by:

HART Page 1 of 77
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Declaration of

have personal knowledge of all 
facts set forth In this declaration and am competent to testify 
thereto if called upon to testify in a court of law. I hereby 
declare:
1. My name
^^^^■and I had to move from because I

became physically, mentally and psychologically ill from SmartMeters for six apartment units 
placed less than 20 feet from my apartment.

2. I am a former utility customer of P.G.&E. To my knowledge, P.G.&E. turned on 12 
SmartMeters in October of 2011 without informing me until I called them in January of 2012.
I began having symptoms in November 2011, as a result of the SmartMeters being turned on. 
In November I began to go to bed around 8:00 p.m. which was unreasonably early for me.
My regular bedtime had been 10:00 p.m. and I knew that it was strange for me to be tired so 
early but I reasoned with myself and blamed it on the fact that it was getting dark early.

At the end of November during Thanksgiving my face broke out in hives that were red and 
inflamed and they burned and itched. Nothing like this had ever happened to me so I blamed it 
on stress. When they didn't go away and the skin on my face became worse as well as 
unreasonably dry I made an acupuncture appointment. I saw an acupuncturist for the first time 
on December 9 for this and saw her until I had to move out of my apartment on January 30, 
2012. (I can provide her notes if needed.)

In December 2011,1 continued to go to bed early but as I slept I felt like I was drugged. I began 
to have low energy and noticed that it was an effort to ride my bike and to take dance classes. I 
am a very fit person and I didn't understand why this was happening. Around the second week 
in January 2012,1 began having a pressure headache and pressure on my eyes whenever I 
was in my apartment. When I was at the beach or riding my bike this would go away.

By January 23, it became unbearable to be in my apartment. When I was there I would get a 
lump in my throat that made me not want to eat or drink. My face, scalp and the gums inside 
my mouth would become numb. The air became so thick that I had to gasp to get air into them, 
I began having heart palpitations when I would dance or ride my bike and have shortness of 
breath. I began spending less time in my apartment and at night I couldn’t sleep anymore 
because I couldn't breath and the intense pressure headache made it impossible to think. I 
couldn't concentrate and I started to not be able to think straight when working. On January 30, 
2012,1 called a friend while I was on the verge of having a mental break down. She picked me 
up and was shocked when she saw me. She said I looked like a cancer patient. My face was 
pale, my eyes were gaunt, dark and tired looking and I lost weight.

She took me to her house in the Sunset district of San Francisco, that did not have a 
SmartMeter, As soon as I got there I was able to feel that the air was thinner and I 
automatically began pulling air into my lungs. The first two days I spent with her I was very 
volatile emotionally, I was loosing my mind and I was wishing for my life to end. The
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hopelessness was so great that my friend and her boyfriend kept close watch over me. I knew 
my mind was sick from the electromagnetic poisoning from the SmartMeters and this fact 
helped me to stay sane and make it through the fact that I lost my job, home and independence 
in less thati4 months because of SmartMeters and no one could help me get them removed.

I took long walks on the beach which was about 15 blocks from my friend’s house. I would feel 
better during those walks but as I walked back to her house I would start feeling sick from the 
SmartMeters emitting their pollution onto the city streets.

For the first week of February 2012,1 went to visit a friend in Comptche, California who lives on 
64 acres of trees and has no electricity. Within two days of being there I became my normally, 
healthy and fit self again. This is when I realized that I could not live in San Francisco anymore.

I went to the ^^^^^^^PHealth Clinic on Februray 22, 2012 and had a full check up and full 
blood work. The test results came out healthy. My nurse practitioner advised me to get away 
from SmartMeters when I told her my story. (I can supply her notes if needed.)

Now back in San Francisco l stayed with my friend in the Sunset district and packed up my 
apartment to leave for Pennsylvania. I had to give away all my furniture and things because I 
needed to leave as soon as I could because each day I was back in San Francisco I became 
weaker and sicker from all the SmartMeters in the city. I couldn't even walk down the street to 
get away from all the SmartMeters. I moved across the United States to save myself physically, 
mentally and emotionally.

It took me 13 years to build my business in San Francisco and I had to give that business up 
due to P.G.&E. turning on the SmartMeters, in less than four months time. I have not worked 
since January 30,2012 and am starting all over in Pennsylvania, I want to be compensated for 
all the hardship P.G.&E, has put me through, I want compensated for my move; for all the 
business I lost in San Francisco, for all the time i have not worked and for the cost of starting my 
business over in Pennsylvania,

I declare under penalty of perjury that the foregoing is true and 
correct. I have personal knowledge of all facts set forth in this 
declaration and am competent to testify thereto if called upon to 
testify in a court of law.

This declaration was executed on this Wednesday, April 04, 2012 
at Lancaster, Pennsylvania.

Signature:

HART Page 3 of 77
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Smart Meter Health Effects Authorization

I . authorize use of my declaration regarding personal
heam^nect^ronTsma^neter^previously submitted to Smart Meter Help! or Stop Smart 
Meters!, to be used in the current smart meter safety investigation before the Maine Public 
Utilities Commission in the matter of Ed Friedman, et al- MPUC Docket No. 2011-00262.

I further authorize Josh Hart of Stop Smart Meters! to attach my declaration to his 
testimony in the MPUC proceeding to be submitted by Bruce McGlauflin, Esq., 
representing the complainants, Ed Friedman, et al, in that case, with the understanding 
that my declaration will become part of the public record in that proceeding.

Signed this f q ~ day of January, 2013 by:

HART Page 4 of 77
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AFFIDAVIT

I, the undersigned, being first duly sworn, state as follows:

1. My name is

2. I am a customer of San Diego Gas & Electric Company - for Electric & Gas.

3. On or about May 15th, 2010 RF (radio frequency) “smart” utility meters replaced both of 
my analog electric and gas meters at my home in La Mesa, CA. The electric meter was placed 
on the wall of my bedroom, one foot (or less) from the pillow where I placed my head as I slept. 
The room has large mirrored closet doors so it is a highly reflective environment. This increases 
the radiation, I have been told by an expert. The gas meter was placed on the opposite end of 
my home, next to my home office. According to SDG&E documents filed with the CPUC, it 
communicates frequently with the electric meter, the signal passes through the length of the 
house, inside.

4. was not advised by anyone at the time of installation that the new “smart” meters 
emitted rf microwave radiation. I did not know this for over six months. The installers just said 
they were installing a new meter, that ours were old and outdated. I assumed they worked the 
same, with a digital display. No one asked our permission. If I had known what was to happen, I 
would have refused and taken any steps possible to prevent this strong, constant pulsed 
radiation exposure, which has ruined my health and our lives. I do not want this to happen to 
anyone else, also.

5. Following the installation of the smart meter, I experienced increasing insomnia (during 
the summer, slept only one hour or two some nights), headaches that increased from dull daily 
ones to excruciatingly painful ones that lasted three days, chills, an unusual volcanic serious 
type of skin cancer on my face that had to be cut out, leaving a large scar, dizziness, nausea, 
cognitive problems, sensitivity to other rf-devices that never bothered me before, ringing of the 
ears that became shrill and even painful (ice pick type pain), clicking sounds heard (microwave 
hearing), breathing problems increased, and memory problems increased. My sinuses close 
when I enter my bedroom, they swell shut within seconds. If I take benedryl they re-open. The 
doctor says this is an allergic reaction to rf radiation. I recorded 15 symptoms that occur with the 
smart meter, and only with it, since it was installed. The sum totals of these have been very 
debilitating and like being tortured, daily.

6. I have been diagnosed with hearing loss from exposure to electromagnetic radiation by 
my ENT, in the ear with the loud microwave clicking.

7. For the first six months, I did not know that the electric smart meter utilized microwave 
radiation that was entering my home and that sleeping so close to it was a danger. My doctor 
told me when I reported some of the above symptoms to him and asked if I had a smart meter, 
where it was, and later wrote me a letter to send to the utilities and CPUC to request that it be 
removed as it was making me ill. For the first year, I did not know that the gas meter was also 
smart because it had dials. I found out that it also has a smart meter module on it by reading the

1
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fine print on top of the meter. I get dizzy and nauseated when I am near that gas meter too long 
(more than a couple minutes).

8. The utility (San Diego Gas and Electric Company) and the California PUC did not cause 
the smart meters to be removed, even with the doctor letter requesting removal. They both 
denied that it was possible to be sick from the meter(s) and told me it was mandatory to have 
the smart meters, that essentially, there was nothing they could do, this is the new program of 
the state, required by the federal government. It turns out that is all false and I have the 
documents to prove it.

9. I asked the utility to come out to check the meters on the outside of my home and they 
have never done so. They claim that I forbid it, but I have the letters that prove otherwise. I 
wanted them to check the meters for defects.

10. I complained on the phone, in person, and in writing (by various methods) to my elected 
officials, US Dept of Energy, US Dept of Justice, CPUC, Governor of CA, and President Obama, 
all to no avail. No one helped at all. Most ignored me. Those who wrote back said it was not a 
problem they could help with, to contact the CPUC.

11. After that the doctor told me that it was the smart meter, and to avoid it, I tried sleeping 
further away from the smart meter on my bedroom wall. Moving the bed did not help. Moving 
into another bedroom across the hall helped somewhat, but I still got headaches and had the 
ringing ears. I put up shielding and it helped reduce the painful ringing in the ears but moderate 
ringing still occurred most of the time, occasionally less than moderate. Sometimes the ringing 
was so loud it woke me up. I still had some insomnia there in the guest bedroom.

12. I moved into the living room to sleep on the couch. There I had reduced symptoms and 
have slept there for 1 % years now. I have a bad back and the couch makes it worse, so I am in 
pain sleeping there, but it is the only way I can survive this terrible exposure to rf radiation.

13. The exposure has been upsetting and torturous. I feel like I cannot control my own life or 
health. I cannot enter my bedroom anymore, I get an immediate tingling in the head (top) and 
pain in base of neck, then sinuses swell shut, severe headache ensues and lasts three days. 
This happened twelve times, till I finally gave up going near the meter inside. The same thing 
happens outside near the meter, or when I am in close proximity to other smart meters.

14. Other sources of rf radiation now bother me. I have become rf-sensitized by the smart 
meter, according to my doctor. I must avoid cell phones. I bought a shield for my cell phone and 
use it on speaker (as I always did before) with a shield, only in emergencies or urgent situations. 
No one can use a cell phone near me now, and that causes me to be isolated at times or 
stressed out due to so many people having them. I experience pain, nausea, headache, 
dizziness, and cognitive dysfunction when around cell phones being used. I have had to buy 
and use a shield for my computers and extended keyboards and mice so I am not as close to 
the computer.

15. I have a wired computer (cable connected to Internet), corded phones, and do not use a 
microwave, nor does anyone in my home. Cell phones are not allowed near me now and I ask 
visitors and family not to use them in the house or on the property.

2
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16. I improved with avoidance of the smart meters, particularly the electric one. I have to live 
in the middle of my home, as there is a smart meter at both ends. I cannot go to either end of 
the property and work there or occupy the space as the smart meters bother me. Therefore, I 
have lost the use of my home and property by 2/3. I still have cognitive problems, dizziness, 
ringing ears, and occasionally, insomnia (if I get near smart meters). I feel more ill when I am in 
my house more. I am retired and my home is where I am nearly all the time. I have nowhere 
else to go. There is certainly nowhere left to go without smart meters in our state. I cannot move 
from our state as I have a disabled son and must remain where he is and where his services are 
located. Besides, all the states are starting to get these meters, rapidly.

17. Since both bathrooms are near the meter, and I cannot access the master bathroom 
without going through my room, I can only use one other bathroom and for a very short time. I 
cannot take a bath anymore, I take very quick showers as the radiation bothers me there. I have 
not been able to see my own bedroom or bathroom for over a year. I have not taken a hot bath, 
something I used to love to do, and had to do for a medical condition I have, for over a year. 
This upsets me.

18. I cannot access all of my clothing. There is nowhere to put the clothes from my closet. I 
have been cold as a result at times till someone can run in and get the clothing. I cannot.

19. I have not been able to sleep with my husband for over a year. This upsets us both very 
much. We are older and this is ruining our lives in so many ways.

20. Other members of my family have been impacted. My son, an adult with a disabling 
condition, was hospitalized three times (for a long time each time) in the first year of the smart 
meter installations. Only when we figured out that could be a trigger did his condition return to 
normal. He avoids the smart meters and stays at least 20 feet away. His doctor agrees that this 
is the right action to take. That means when he visits he cannot use the bathrooms but has to 
use the laundry room. He has to visit less. This is a terrible inconvenience and another loss of 
use of the property.

21. I feel like I am being raped daily by the utility company and the state utility agency, the 
state and federal governments as they are taking away my health, my life, and my property, 
without caring about it in any way that is humane. I am a disabled senior citizen who deserves 
better than this. I was a school teacher for 25 years, a special education teacher who made the 
world a better place. I deserve some respect and care. I am outraged that the citizens of our 
nation are being experimented on and attacked with such a horrific program. This experience is 
like being in a science fiction movie with evil perpetrators. It is shocking that this is really 
happening to me and to everyone in the nation and that so many don’t even know it, even if they 
became sick they’d not be likely to know the source, nor would most doctors.

22. As I write this, my ears are ringing loudly and have been all day. Some days are worse 
than others. When I am away from the places where smart meters are, the ringing reduces or 
disappears.

23. Other people in my home report headaches if in the bedroom.

24. My immune system appears to be more sensitive each month to the rf radiation.

3
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25. I have tested the house for radiation. It is elevated nearest the smart meters. There is 
also “dirty electricity” on the wiring nearest the electric smart meter. There is a pulse of 
microwave radiation that continuously occurs every few seconds that has been measured. It is 
nearly 300 times what normal background is. The microwave radiation is up to 35 times normal 
levels in the bedroom at about 12 feet from the smart meter. One foot from the meter cannot be 
measured with the equipment we had here, but it increases exponentially, we know that, so it 
has to be thousands of times more.

26. I have tried, to the best of my ability, to object, inform the public, and obtain an opt-out 
and dismantling of this dangerous wireless smart grid and smart meter mesh network. I started 
a nonprofit to do so, called Center for Electrosmog Prevention, for which I am a volunteer 
director. This has taken over a year. To date there is no opt-out for my part of the state of 
California.

27. I have written the utility and CPUC repeatedly and they always deny my requests to 
remove the meters.

28. The smart meters remain on my home, where I have shielded my home to reduce 
exposures, but it is not a complete nor satisfactory arrangement. Without the shielding I would 
be living in my car.

29. I personally know of many hundreds of people ill from the smart meters, some are near 
death, with emergency room trips for heart ailments, some with seizures from them, and some 
with bleeding sinuses and severe sleeping disorders, blocked arteries, and so on. Many are 
young people. Several are university professors, one is a former dentist, another is a doctor. 
None had the conditions before the meters and all are worsened with closer proximity and 
increased exposures. All are desperate to get these meters removed but no one in the country 
will help them from an official standpoint. Some seem to be suicidal at times as a result, 
especially as some have to live in their cars, and I have tried to comfort them and help them to 
hold on till we get an opt-out. For some, the opt-out will not be enough though, as many have 
neighboring meters aimed at their homes from next door. Some have up to 20 meters aimed at 
their homes from neighbors or condo units in a grouping.

30. My doctors are horrified and despair for the nation’s health and healthcare system.

31. I reaffirm that the information contained in the paragraphs above are true and correct.

32. End of affidavit.

4
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Dated this 25 day of February 2012.

Signature of Person Making This Affidavit

State of California 

County of San Diego

-nc
Subscribed and swore to (or affirmed) .before me this^^ day of . 2012, by

' of l&- m&sA 6/1____________

satisfactory evidence to be the person who appeared before me.
personally known to me or proved to me on the basis of

Notary Public Seal
Signature of Notary Public

5
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Smart Meter Health Effects Authorization

I authorize use of my declaration regarding personal
healtr^nect^ron^martmetcrs previously submitted to Smart Meter Help! or Stop Smart 
Meters!, to be used in the current smart meter safety investigation before the Maine Public 
Utilities Commission in the matter of Ed Friedman, et al- MPUC Docket No. 2011-00262.

I further authorize Josh Hart of Stop Smart Meters! to attach my declaration to his 
testimony in the MPUC proceeding to be submitted by Bruce McGlauflin, Esq., 
representing the complainants, Ed Friedman, et al, in that case, with the understanding 
that my declaration will become part of the public record in that proceeding.

Signed this ^1 day of January, 2013 by

HART Page 10 of 77
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Declaration of

I, have personal 
all facts set forth in this declaration and am 
testify thereto if called upon to testify in a 
law. I hereby declare:

knowledge of 
competent to 
court of

1.

2.

3.

4.

5.

6.

7.

8.

and I reside

I am a utility customer of Pacific Gas and Electric 
(PG&E).
A Smart Meter was installed on my home over my 
objections in August 2010.
At first I did not notice any ill effects, but over time 
symptoms began to accrue.
By November 2011 I was suffering from insomnia, 
nosebleeds while sleeping, constant nausea, headaches, 
heart palpitations, fatigue, loss of balance, and 
depression.
I called PG&E several times to request removal of the 
Smart Meter. They refused.
On November 7, 2011 I sent a certified legal notice to 
PG&E demanding the removal of their Smart Meter within 
30 days. Non-compliance would require my replacement of 
the Smart Meter with an analog meter.
There was no response, so on 12/19/11 I had the meters 
switched. My symptoms all disappeared.

I declare under penalty of perjury that the foregoing is 
true and correct. I have personal knowledge of all facts 
set forth in this declaration and am competent to testify 
thereto if called upon to testify in a court of law.

This declaration was executed this 8th day of April, 2012 
at Chico, California.
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Smart Meter Health Effects Authorization

, authorize use of my declaration regarding personal 
health effects Trcfm smart meters previously submitted to Smart Meter Help! or Stop Smart 
Meters!, to be used in the current smart meter safety investigation before the Maine Public 
Utilities Commission in the matter of Ed Friedman, et al- MPUC Docket No. 2011-00262.

I further authorize Josh Hart of Stop Smart Meters! to attach my declaration to his 
testimony in the MPUC proceeding to be submitted by Bruce McGlauflin, Esq., 
representing the complainants, Ed Friedman, et al, in that case, with the understanding 
that my declaration will become part of the public record in that proceeding.

Signed this ^-/ day of January, 2013 by:

Name 

Street Address 

City/State/Zip 

Telephone 

Email
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Declaration re: Smart Meters

Declaration o

I, personal knowledge of all facts set forth in this declaration and am competent
to testify thereto if called upon to testify in a court of law.

I hereby declare:
1. My name is I and I reside at

2.1 am a utility customer of P.G. & E.

3.1 moved into the above triplex in October of 2011.1 have been diagnosed with Bipolar disorder, and 
I have a ten year old special needs child who is on the spectrum for Autism and Aspergers Syndrome. 
Shortly after moving in here, I noticed that both my son and I were waking up in the night, unable to 
sleep despite medication, and both of us have become more agitated and depressed than usual.

4. Around that same time, it came to my attention that we have three smart meters installed right 
outside the door to my kitchen and in proximity to both our bedrooms.

5.1 complained to P.G. & E. about my concerns regarding the dangers of these smart meters and my 
concerns for my health and the health of my son.

6.1 also spoke to my neighbors living in the triplex, who told me that they had informed P.G. & E. that 
they did not want the smart meters installed, however, P.G. & E. came back when no one was home and 
installed them anyway.

7. P.G. & E. subsequently phoned me back and left a message that I could opt out of the smart meter by 
paying a fee and a monthly charge. This fee is difficult for me to come up with, as I am living on a 
fixed income, and my two neighbors here in the triplex told me that they do not have the money for this 
either, so even if I personally was able to come up with the money, I am still unable to afford opting out 
of all three existing smart meters.

8.1 feel that P.G.& E. is harming us and in a sense holding us hostage with disregard for our health and 
wishes, and especially as we are “at risk” people who are particularly sensitive to this. We signed a year 
lease when we moved here in October of last year, and at this time we cannot afford to move a few 
miles west to the town of Fairfax, CA where smart meters are banned! And we are unable to pay the opt 
out fee imposed by P.G.& E., who installed the smart meters against the wishes of the residents here.

I declare under penalty of perjury that the foregoing is true and correct.

I have personal knowledge of all facts set forth in this declaration and am competent to testify thereto 
if called upon to testify in a court of law.

This declaration was executed this 17th day ofApril, 2012 at San Anselmo, CA

££ - doun-kj fffolJ'k
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Smart Meter Health Effects Authorization

I authorize use of my declaration regarding personal
health effectsTrom smart meters previously submitted to Smart Meter Help! or Stop Smart 
Meters!, to be used in the current smart meter safety investigation before the Maine Public 
Utilities Commission in the matter of Ed Friedman, et al- MPUC Docket No. 2011-00262.

I further authorize Josh Hart of Stop Smart Meters! to attach my declaration to his 
testimony in the MPUC proceeding to be submitted by Bruce McGlauflin, Esq., 
representing the complainants, Ed Friedman, et al, in that case, with the understanding 
that my declaration will become part of the public record in that proceeding.

Signed this XX day of January, 2013 by:
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Declaration

I, have personal knowledge of all facts set forth in
this declaration and am competent to testify thereto if called upon to testify in 
a court of law. I hereby 
declare:
1. My name is and I reside at

2. I am a utility customer of CenterPointe Energy.
3. A Centerpointe employee knocked on my door on Friday 3/11/2011 and told
me that he needed to get access to my electric meter. He had a new meter in his
hand so I asked him, "Is that a smart meter?" He told me that it was and I then
told him that I don't want it. I was told that I did not have a choice and being 
ignorant at the time I allowed him to change out my electromagnetic analog meter 
to the new smart meter.
4. Our meter is located just outside our master bedroom opposite from where
our bed was located. My wife and I began having problems with insomnia. Before
the smart meter I would typically wake up maybe once or twice during the night to 
go to the restroom and then would return fast asleep. Now we both wake up 4, 5 
even 6 times each night for no apparent reason. I usually can fall back asleep 
only to wake up again in 30 or 40 minutes or maybe an hour. This is typical 
since receiving our smart meter.
5. I also have noticed since the smart meter was installed I wake up with
night sweats, sharp intermitting headaches, tingling in both arms, shoulder pain, 
dizziness, blurred vision, neck aches, aches in both knees, legs, and ankles. My 
wife^^^^^^^H has experienced most of the above symptoms plus nausea, ringing in 
the ears, nose bleeds and drainage-in the eyes. All of the symptoms have begun 
since our meters were replaced. I say meters because Centerpointe also serves 
our home.with natural gas and they have since installed a smart gas meter as 
well. :
6. These are just the symptoms we have noticed since getting our smart 
meters. What problems will we all be having in 10-20 years from now?
7. Another issue that we have discovered is that these meters are not UL 
approved! Every other electrical appliance in our homes have always been 
rigorously test in the Underwriters Laboratory to be determined it's safety. Why 
are smart meters exempt from these test?
8. The FCC guidelines do not adequately protect us from this very high 
pulsating frequency. We have recently purchased a RF Power Flux Density meter and 
found that both our electric and gas smart meters produce over 2000 micro Watts 
per meter squared four to five times per minute. (We have recorded these 
readings via video recorder) We were told by Center point that they would only be 
transmitting 3 or 4 times (microburst) during the middle of the night.
9. We have since reviewed much research about RF radiation and found that it 
is harmful to humans, plants, animals and the environment. Even our dog reacts 
strangely at times escaping to a small enclave in our bathroom to sleep.
10. The California Public Utility Commission has realized these health
concerns and made the decision to allow customers to opt-out of the AMS program. 
Even this would do little to help us since we are in a subdivision with many 
neighboring meters around us. Also, how will an opt-out program benefit apartment 
dwellers? , - . ' ■ ■ •
11. After all, these smart meters are not mandated here, by federal or Texas 
state laws.'

Declaration of Page 1 of 2
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12. We have also learned how the information gathered by these devices can 
determine private information that should not and need not be revealed to our 
electric providers. And we question the security of this information as it is 
transmitted thru the airways. We viewed a video that displayed how an electronic 
technician was able., with a $30.00 piece of equipment ordered over the internet, 
to hack into his smart meter! This is a violation of our 4th amendment rights to 
privacy!
13. On a more positive note, I purchased a RF shielding bed canopy on 3/16/12
and it was delivered on 3/21/12. I installed it over our bed that evening and
now both my wife and I have been able to sleep throughout the night. This is yet
more proof to me that the RF radiation is the culprit.

I declare under penalty of perjury that the foregoing is true and correct. I 
have personal knowledge of all facts set forth in this declaration and am 
competent to testify thereto if called upon to testify in a court of law.

This declaration was executed this 4th day of April, 2012 at Spring, Texas.

Declaration of Terry Lee Guy Page 2 of 2
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hart exhibit b

Smart Meter Health Effects Authorization

authorize use of my declaration regarding personal 
health effect^jSrom smart meters previously submitted to Smart Meter Help! or Stop Smart 
Meters!, to be used in the current smart meter safety investigation before the Maine Public 
Utilities Commission in the matter of Ed Friedman, et al- MPUC Docket No. 2011-00262.

I further authorize Josh Hart of Stop Smart Meters! to attach my declaration to his 
testimony in the MPUC proceeding to be submitted by Bruce McGlauflin, Esq., 
representing the complainants, Ed Friedman, et al, in that case, with the understanding 
that my declaration will become part of the public record in that proceeding.

•n
Signed this / day of January, 2013 by

n-D

Name

Street Address

City/State/Zip 

Telephone HART Page I7 of 77
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April 5, 2012

We had been living healthfully in Silicon Valley for 5 years before the Smart Meters came and changed 
everything. We had purchased an expensive house in an upscale neighborhood (Willow Glen in San 
Jose) thinking we would be there for the long haul and had established professions and personal 
relationships. We both worked at home at times, I more often as I moved from full time to marketing 
consulting work.

In early 2010,1 began to have a number of health issues/symptoms and strange sensations: constant and 
loud ringing in my ears, bad insomnia wherein I awoke frequently shaking or trembling, tingling up the 
back of my neck and into my head, abdominal pain, moodiness, and fatigue. Thinking it was overwork, I 
cut back on my hours. However, my symptoms did not abate, they worsened. I began to have heart 
palpitations and pounding, intense eye pain, vision changes, flashing lights that seemed to be literally 
behind my eyes, and “shock like” sensations which jolted my body. I woke up frequently with the 
sensation that my head was in a vice (pressure on my head) and had an acute onset of chemical allergies 
which, like my other symptoms, was most prevalent inside our house.

Confused, 1 tried to determine what could be happening. My symptoms increased and I- began to feel . 
sicker in our house - nosebleeds, sore throat, weakness and hives were added to the list. I went to my 
primary doctor. Routine blood work collected on 3/16/2010 showed that my 1 iver tests were abnormal 
(elevated) and that my blood had toxicity in it. (Attached). I had never had abnormal liver tests in my 
life.

As 1 began to discover that my symptoms were worst while inside the house and lessened when we were 
away down the coast visiting friends or up north in San Francisco, I analyzed what had changed and 
where I spent a lot of time. The trembling, hives, intense acute head pain, and flashing lights had all 
happened in the kitchen where I often worked or spent time cooking. The other symptoms were constant 
while in the house in general. I spoke with friends down the street who were also not feeling well. She 
had had a relapse of her MS, he was experiencing intense migraines and all their pets were sick. Thinking 
this was strange, I looked online.

I remembered that the electric (and gas) meters had been replaced and after doing some research online, I 
discovered that my symptoms were in line with many others suffering the effects of acute electromagnetic 
exposure following a smart meter installation. I learned that PG&E had been deploying the Grid in our 
area and that these were actually cellular devices communicating with all the other meters in our 
neighborhood and collection meters (the mesh system) which was never communicated to us by PG&E 
before install. Distraught, on 3/29/2010,1 called PG&E to discuss the meter and my symptoms. I was 
told that the meters were no stronger than a microwave oven and that I was safe “at 6 feet” and that they 
were not removing them. Often, I had been closer than 6 feet to this meter given where our kitchen sink, 
island counter, phone, and kitchen table were.

1 could not believe that the utility company would install something that was not safe; however, I tried to 
go on with my life and spend more time working on my health. I began working with a Naturopath - Dr.

in Palo Alto to help with the EMF and chemical sensitivities. We made many 
changes to the interior of our house to reduce toxins including discarding furniture, throwing away our 
mattress and purchasing an all-natural mattress, and replacing carpeting with no VOC hardwood. I
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worked aggressively to help detox my body. However, none of this did anything to relieve my 
symptoms. My health continued to deteriorate and I began feeling extremely agitated most of the time 
and couldn't concentrate well, often completely forgetting what I was'talking about. I often lost balance, 
began to have chronic muscle spasms and muscle weakness and was weak and shaky often. I remember 
standing in the kitchen one day on the phone and starting to tremble. At one point, I had to rush to the 
counter as I was about to drop a cup of coffee. .

Feeling awful, we moved into a hotel for 3 weeks in Los Gatos. I felt much better and was able to do 
some part time work for one of my clients. (I had had to leave my role in June as I
was unable to spend much time online now).

Again, on 11/3,1 again called PG&E. 1 had heard you could have these removed. The representative 
(Liz) told me someone that I could speak to the Smart Meter group (hotline) about having it removed and 
someone would call to discuss my options. On 11/24, at 3:33 PM, the Smart Meter Department of 
PG&Ecalled. The representative told me that PG&E “could not remove the meters, they were safe per 
the FCC, just stay 10 feet away from it”.

I tried to stay out of the house as much as possible. We spent several weeks away in December and in 
January, we rented a colleagues house in Mountain View where the smart meter was much further away 
from the kitchen and bedroom^ Finally, still unable to be in our house, on Feb 14th, 2011, we moved into 
a rental house in Santa Cruz where Smart Meters had not been deployed. There I was able to improve 
my health, if only for a few months as evidenced my improved blood tests. (Attached) We have since 
abandoned our house and California all together and relocated to Ann Arbor, Michigan where, sadly, the 
meters are now on their way. We are preparing to run again once they get to our neighborhood. These 
meters took years of my life away and have permanently damaged my health. I now have chronic EHS 
(MD documentation attached) and we were forced to abandon our plans to adopt a child.
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QUEST DIAGNOSTICS INCORPORATED

COLLECTED: 03/16/2010 10:15
REPORTED: 03/18/2010 07:36

PATIENT INFORMATION

DOB: | Age:
GENDER: F

report status Final
ORDERING PHYSICIAN

Test Name In Range Out of Range Reference Range Lab

COMPREHENSIVE METABOLIC PANEL 
•ALKALINE PHOSPHATASE 
AST (SGOT)
ALT (SGPT) 
eGFR

IF PATIENT IS AFRICAN AMERICAN,

33-115 U/L 
10-35 U/L 
6-40 U/L 
>=60 mL/min 

MULTIPLY REPORTED

"Wit .

RESULT BY 1.21.

URINALYSIS, COMPLETE W/MICROSCOPIC
—HYALINE CASTS NONE SEEN
YEAST NONE SEEN
RENAL EPITHELIAL NONE SEEN
PROTEIN
HEMOGLOBIN
PH 7.0
SPECIFIC GRAVITY 1.009
GLUCOSE NEGATIVE
KETONES ' NEGATIVE
LEUKOCYTE ESTERASE NEGATIVE
NITRITE NEGATIVE
BILIRUBIN NEGATIVE
WBC ■ NONE SEEN
RBC 0-3
EPITHELIAL CELLS NONE SEEN
BACTERIA NONE SEEN
CRYSTALS NONE SEEN
CASTS NONE SEEN
COLOR .
APPEARANCE CLEAR

‘ 3 +
1___

SJ
NONE SEEN 
NONE SEEN 
< OR = 3 per hpf 
NEGATIVE 
NEGATIVE
5.0- 8.0
1.001- 1.035 
NEGATIVE 
NEGATIVE 
NEGATIVE 
NEGATIVE 
NEGATIVE 
0-5 per hpf 
0-3 per hpf 
0-5 per hpf 
NONE SEEN - 
NONE SEEN 
NONE SEEN 
YELLOW 
CLEAR

LIPID PROFILE
CHOLESTEROL 159
TRIGLYCERIDES 47
HDL CHOLESTEROL 85
LDL CHOLESTEROL (CALC) 65

SJ
125-200 mg/dL 
<150 mg/dL 
> OR = 46 mg/dL 
<130 mg/dL

RISK CATEGORY LDL-CHOLESTEROL GOAL

VERY HIGH (E.G.,DIABETES + CVD)
HIGH (DIABETICS;CHD RISK EQUIVALENTS) 
MODERATELY HIGH

(MULTIPLE (2+) RISK FACTORS)
0 TO 1 RISK FACTORS

*NCEP REPORT.CIRCULATION 2004;110:227-239.

CHOLESTEROL/HDL RATIO 1.9
VLDL CHOLESTEROL 9

<70 mg/dL 
<100 mg/dL 
<130 mg/dL

<160 mg/dL

< OR = 5.0 ratio 
5-35 mg/dL

Page 2 - Continued on Page 3
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QUEST DIAGNOSTICS INCORPORATED 
CLIENT SERVICE 800.722.8158

SPECIMEN INFORMATION
SPECIMEN: A07422330
REQUISITION: 7343910101418 
LAB REF NO: 7343910101418

' \
COLLECTED: 03/16/2010 10:15
RECEIVED: 03/16/2010 10:14
REPORTED: 03/18/2010 07:36

PATIENT INFORMATION report status Final
ORDERING PHYSICIAN

Test Name In Range Out of Range Reference Range Lab

CUSTODIAL #:
CBC/PLATELETS

WHITE CELL COUNT
RED CELL COUNT
HEMOGLOBIN
HEMATOCRIT
MCV
MCH
MCHC
RDW
MPV
NEUTROPHILS
LYMPHOCYTES
MONOCYTES
EOSINOPHILS
BASOPHILS
ABSOLUTE NEUTROPHIL 
ABSOLUTE LYMPHOCYTE 
ABSOLUTE MONOCYTES 
ABSOLUTE EOSINOPHIL 
ABSOLUTE BASOPHIL 
PLATELET COUNT

59
27
8
S
1
2714
1242
368
230
46
187

3.8-10.8 thous/uL 
3.80-5.10 Million/uL 
11.7-15.5 g/dL
35.0- 45.0 %
80.0- 100.0 fL
27.0- 33.0 pg
32.0- 36.0 g/dL
11.0- 15.0 %
7.5-11.5 fL 
40-75 %
20-45 %
0-12 %

0-6 %

0-2 %

1500-7800 Cells/mcL 
850-3900 Cells/mcL 
200-950 Cells/mcL 
15-500 Cells/mcL 
0-200 Cells/mcL 
140-400 thous/uL

SJ
SJ

ESR (WESTERGREN) 2 0-20 mm/h ' SJ
COMPREHENSIVE METABOLIC PANEL
GLUCOSE 97

UREA NITROGEN 18
CREATININE 0.71
CALCIUM 9. o
SODIUM 141
POTASSIUM 4.4
C02 26
CHLORIDE 106
PROTEIN, TOTAL 6.5
ALBUMIN 4.2
GLOBULIN 2.3
A/G RATIO 1.8
BILIRUBIN, TOTAL 0.6

SJ
mg/dL

FASTING INTERVAL: 
NORMAL: 65-99
IMPAIRED: 100-125
DIABETES: >125

7-25 mg/dL 
0.59-1.07 mg/dL
8.6- 10.2 mg/dL 
135 - 146 mmol/L 
3.5 - 5.3 mmol/L 
21-33 mmol/L
98-110 mmol/L '
6.2- 8.3 g/dL
3.6- 5.1 g/dL
2.2- 3.9 g/dL 
1.0-2.1 ratio 
0.2-1.2 mg/dL

Page 1 - Continued on Page 2
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1 A , Scwykt C&Z-' 

\jj\cv) irH^ 0^
<?!2ST MACNOSTICS INCORPORATE^

FPF.CTKF.M INFORMATION 
SPECIMEN: BA3240753
REQUISITION:

Ir
|AGE : I 

F FASTING: Y

ID:
PHONE:

COLLECTED: 03/04/11 
RECEIVED: 03/04/11 
REPORTED: 03/10/11

11:2 0"

11:15
17:01

RESORT STATES FINAL REPRINT

COMMENTS: The original copy of this report was printed on: 03/05/11 at 10:30

CHART #: NOT GIVEN

Test Name In Range Out of Range

HEPATIC FUNCTION PANEL 
PROTEIN, TOTAL 
ALBUMIN
GLOBULIN, TOTAL 
A./G RATIO 

„ AST (SGOT)

]vlo< M,BILIRUBIN, TOTAL 
BILIRUBIN, DIRECT 
BILIRUBIN, INDIRECT 
ALT (SGPT)
ALKALINE PHOSPHATASE

CBC (INCLUDES DIFF/PLT)
WHITE BLOOD CELL COUNT 4.7
RED BLOOD CELL COUNT 4.24
HEMOGLOBIN 14.5
HEMATOCRIT 42.2
MCV 100
MCH
MCHC 34.4
RDW 13 . S
PLATELET COUNT . 213
ABSOLUTE NEUTROPHILS 3008
ABSOLUTE LYMPHOCYTES p35
ABSOLUTE MONOCYTES 329
ABSOLUTE EOSINOPHILS -iS.8
ABSOLUTE BASOPHILS 0
NEUTROPHILS 64
LYMPHOCYTES 25
MONOCYTES 7
EOSINOPHILS 4
BASOPHILS ' 0

34.2 H

SEDIMENTATION RATE (ESR) 7

Reference Range Lab

6.2-8.3 g/dL SJ
3.G-5.1 g/dL SJ
2.2-3.9 g/dL SJ
1.0-2.1 ratio SJ
10-35 U/L SJ
0.2-1.2 mg/dL SJ
< OR = 0.2 mg/dL SJ
0.2-1.2 mg/dL SJ
6-40 U/L SJ
33-ll5.U/L SJ

3.8-10.8 Thousand/uL SJ
3.80-5.10 Million/uL ' SJ
11.7-15.5 g/dL SJ
35.0-45.0 % SJ
80.0-100.0 fL SJ
27.0-33.0 pg SJ
32.0-36.0 g/dL SJ
11.0-15.0 Sr SJ
140-400 Thousand/uL SJ
1500-7800 Cells/uL SJ
850-3900 Cells/uL SJ
200-950 Cells/uL SJ
15-500 Cells/uL * SJ
0-200 Cells/uL SJ
Sr SJ
Sr SJ
% SJ
Sr — ,T

Sr

0-20 rnm/h SJ

Page 1 - Continued on Page 2
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CONTROL mg ENVIRONMENT

April 2. 2012

To Whom It May Concern:

Ms.^^^^Ks under my care for the treatment of Electromagnetic Reid Sensitivity which is a 
physiological disorder characterized by symptoms directly brought on by exposure to 
electromagnetic fields.

Many patients exhibit health problems and experience symptoms when exposed to electrical 
stimuli. This is due in part to the patient's bodily response to antigens.

The body functions through cellular and intracellular changes in electrical parameters. 
Electrical impulses originate in the sino-atrial node of the heart and initiate heart muscle 
contraction. Cells assimilate and excrete through osmotic changes created by differences in 
electrical potential. The brain communicates and functions through electrical impulses earned 
from one nerve synapse to another.

This intricate function of the body can be affected by exposure to coherent electro-magnetic 
fields created by power transmission and usage and wirelessly transmitting devices. In 
sensitive individuals, exposure to even the lowest frequencies can create disruption in 
homeostasis.

Individuals who in the past may have experienced chronic or low level electro-magnetic 
exposure or acute high level exposure may exhibit symptoms resembling a feeling of shock, 
muscle spasms, headaches, dizziness or seizures. Intense ringing in the ears andeye pain 
are other common symptoms which develop and linger after exposure. Ms. has
talked at length about these symptoms following exposure to.a Smart Meter onmen5®ious 
home in California and was instructed by a prior physician to have a brain MRI given the 
severity and nature of her symptoms.

A recent physical examination finding revealed a positive Romberg’s sign wherein Ms.^^^H 
was unable to maintain balance while performing the tandem gait test with eyes closed 
indicating latent disorientation from EMF exposure. We also saw significant autonomic 
nervous system changes with symptoms including heart arrhythmia and elevations in blood 
pressure when she was tested for various frequencies in a double blind controlled EMF 
testing environment

With my years of experience testing and treating individuals for this type of condition,
I kindly request that a wireless digital meter or “smart meter” (or any other type of wireless 
transmitter or antenna) not be installed on her home. It could be quite detrimental to her 
health. Your assistance in this matter is deeply appreciated.

If you require additional information, please contact my office
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fit! Pacific Gas and
SSfifr S r't^__PrvrrtfiorSf | Electric Companf 77 Beale Street

P\ i;4tr l(xi€

San Francisco, CA 94105-1814
Mailing Address

V v ' Pacific Gas and Electric Company
P. 0. Box 770000 „ '
San Francisco, CA 94177-0001

415.373.7000

January 13, 2012

1 am writing to let you know that I have received and read the letter that you submitted to 
SmartMeterHelp.com regarding Pacific Gas and Electric Company’s (PG&E) SmartMeter™ 
program. SmartMeterHelp.com submitted your letter to PG&E at a workshop that PG&E 
sponsored at the California Public Utilities Commission (CPUC) on December 9, 2011.

I want to start by telling you that we understand your concerns about SmartMeters™, and agree 
that choice is important when it comes to the meter at your home. We submitted a request to the 
CPUC in March 2011 that proposed choice for residential customers, and last month 
recommended to the CPUC that customers have the option to retain their analog meter if they 
choose. We are optimistic that the Commission will rule on our application shortly.

While awaiting a CPUC decision, PG&E has created a Delay List for customers who wish to 
postpone their meter upgrades. If you would like us to place you on that list, please call our 
dedicated helpline at 1-877-743-7378 and one of our representatives will be happy to assist you.

Warmest Regards, \

Lavem Mitchell
Customer Relations
Pacific Gas and Electric Company
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Smart Meter Health Effects Authorization

., authorize use of my declaration regarding personal 
health effects from smart meters previously submitted to Smart Meter Help! or Stop Smart 
Meters!, to be used in the current smart meter safety investigation before the Maine Public 
Utilities Commission in the matter of Ed Friedman, et al- MPUC Docket No. 2011-00262.

I further authorize Josh Hart of Stop Smart Meters! to attach my declaration to his 
testimony in the MPUC proceeding to be submitted by Bruce McGlauflin, Esq., 
representing the complainants, Ed Friedman, et al, in that case, with the understanding 
that my declaration will become part of the public record in that proceeding.

Signed this ^ day of January, 2013 by:

Name.

Street Address 

City/State/Zip 

Telephone___

Email
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April 3, 2012

Smart Meter Help!
PO Box 30
Davenport, CA 95017

Declaration of

I, have personal knowledge of all
facts set forth in this declaration and am competent to testify 
thereto if called upon to testify in a court of law. I hereby 
declare:

and I reside at

2. The residence where I live is a utility customer of PG&E. I live with my two 
elderly parents who own the residence. I am their daughter and live without paying 
rent. I only pay for utilities. My two parents are old and don't understand my 
issues with the smart meters and refuse to have them removed as they feel the 
government or some official would be upset. So I am forced to live with them as 
there is no place that doesn't have one on them anywhere that I can afford to move 
to.

1. Smart Meter installation (two smart meters, one for gas and one for electric) 
where installed on my residence on July 18, 2011. Two hours later I began 
experiencing intense headache, heart palpitations and nausea symptoms. After 
screaming of pain for a couple of hours, I secluded myself in the farthest reaches 
of my residence, away from the two smart meters (which where placed on either side 
of my bedroom).
Now I live in that one room, our den, almost all the time, as any other part of the 
house gives me instant headache, heart palpitations and nausea.

2. I arrived at the hospital Emergency Room at Hospital in
CA, about 5 hours after the installation of the two smart meters on the residence 
where I live currently, July 18, 2011. I have my bills from that date. They gave 
me a prescription of Zofran (a medication for nausea used to treat people taking 
chemotherapy or radiation treatments) and checked my heart. The EKG, a one minute 
test, said I wasn't having a heart attack and so they cut me loose, no knowing what 
to do to help.

3. The next day the symptoms remains. Since I couldn't stop crying and yelling 
due to the pain, and my Zofran was only a one day supply, I returned to the 
Emergency Room again, two nights later, on July 20, 2011 and again was treated for 
nausea, and again described all my symptoms including headaches/ringing in the ears 
and heart palpitations. As the doctors couldn't find out what was wrong, I was 
told to report the symptoms to my regular treating physician.

4. The next day I went to my usual clinic, July 21, 2011, Dr.
office, at I saw right away the
Physician Assistant on Duty, She listened to my complaints, which were
still headaches, ringing in the ears, intense nausea, dizziness and heart 
palpitations. She prescribed more Zofran but didn't have any advice for the rest 
of my symptoms, having no idea what a smart meter was.

5. Realizing I was on my own, I permanently moved into my families residence's 
den and have since remained there. It is as far as I can get away from the two 
meters but leaves me in the position of being in everyone's way. I don't know how 
long I can live this way.
I can only go out when necessary, as now I am electro-sensitive to Smart Phones and 
Laptops (which people carry around with them) as well (which happen about two
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months after, I am guessing, the two meters got installed and the rest of our 
neighborhood as well) and to all the other smart meters in town. So I am afraid to 
drive for fear my periods of dizziness my result in a car accident and I stay out 
of all other buildings, unless I have to go in for groceries or tests, as they too 
have Smart Meters which adversely affect me.

6. I just saw my regular treating physician this week, Dr. and
he prescribed more Zofran and didn't feel that the radiation from the smart meters 
was what was affecting me. That is all he knew about them. He had no advice to 
offer me or could not help with any symptoms but my nausea. I am on my own he 
indicated indirectly by refusing to ask any questions and just stomped out of my 
exam.

7. After dealing with these two smart meters on my residence since July 18th of 
last year, I have turned my life upside down in order to keep from being in intense 
pain and just having now a very limited existence as I can do very little and go no 
where safely.

8. As these may be the last words I have to say on the topic, I fear that they 
will cause my early demise and since I can do nothing to stop this from happening,
I live in perpetual fear of dying from either a Sudden Heart attack or from 
internal hemorrhaging...as it feels like my guts are being ripped out daily and my 
brain fried (especially feel my brain is being heated in my frontal lobes).
As I can eat little, I am slowing losing weight as well and slowly becoming 
malnourished as I can only eat two small meals a day. I am also having memory 
issues and immune issues now (I constantly forget what I am saying in the middle of 
a sentence and I am getting colds monthly now).

I declare under penalty of perjury that the foregoing is true and 
correct. I have personal knowledge of all facts set forth in this 
declaration and am competent to testify thereto if called upon to 
testify in a court of law.

This declaration was executed this 3rd day of April, 2012
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Smart Meter Health Effects Authorization

I authorize use of my declaration regarding personal
health effects from smart meters previously submitted to Smart Meter Help! or Stop Smart 
Meters!, to be used in the current smart meter safety investigation before the Maine Public 
Utilities Commission in the matter of Ed Friedman, et al- MPUC Docket No. 2011-00262.

I further authorize Josh Hart of Stop Smart Meters! to attach my declaration to his 
testimony in the MPUC proceeding to be submitted by Bruce McGlauflin, Esq., 
representing the complainants, Ed Friedman, et al, in that case, with the understanding 
that my declaration will become part of the public record in that proceeding.

Signed this ”3. 2^ day of January, 2013 by:
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April 9th, 2011

I, have personal knowledge of all facts set forth in this declaration and am

competent to testify there to if called upon to testify in a court of law. I hereby declare:

1. My name is and I reside at |

2. I am a utility customer of Pacific Gas and Electric.

3. In December 2009/ January 20101 developed severe ringing in my ears particularly at night. 
One night I became desperate for a nights sleep and told my husband I would try sleeping 
outdoors to see if it would help. Much to my surprise it did help. I then slept outdoors at night in 
a tent for the next several months. This was around the time Smart Meters were installed in our 
neighborhood. We do not have a Smart Meter on our home because I requested no Smart Meter 
prior to deployment as I had occasional episodes of EMF sensitivity in the past if exposure was 
high. But we do have 7 close neighbors with 2 Smart Meters each. Moving outdoors reduced 
my total exposure by eliminating the exposure from my home. After Jan./Febr. 2010 I started 
having daily problems with EMF sensitivity. I had to limit the time I spent in buildings with ' 
Smart Meters. I tried 3 different offices where I had my private practice at in
Walnut Creek but the symptoms got worse and worse and eventually I had t^clos^ny practice 
on April. 1st, 2011 at the ^BHBBBaddress. Gradually my symptoms of sleep difficulties 
worsened even outside. Some nights I traveled 2 hours south away from the Bay Area to a 
campground where I slept just fine. I started thinking I had to move. I got a job volunteering on 
an organic farm that didn't have cell phone reception. There I slept well in a tent every night‘for 
over 5 months. I felt well during the day and was able to help out on the farm. It was a joy to be 
making a contribution to society again even though it wasn't practicing medicine and helping 
children which I love to do. I stayed there from Memorial Day til November 15th, 2011. 
Meanwhile my husband tried to build me A Faraday cage so I could come home again. It didn't 
work. We got expensive assessments of our homes EMF situation and tried to lower the EMF of 
our home. This cost many thousands of dollars. We asked PG&E to measure the amp/voltage on 
our drop on our roof to find out if there was a problem with the electricity entering our home. 
They did a 24 hour recording for 4 days. They found the voltage dipped below normal (114?) . 
and that means the amps running thru our wiring into our home was too high. So they replaced 
the wiring from our telephone pole to our home drop on our roof. This did help my symptoms 
somewhat but I was still unable to live in our home due to various symptoms like headache, 
fatigue and physical weakness, buzzing sensation in my left big toe and back etc.. While 
P.G.&E. did the work on our home they discovered a gas leak within 10 feet of our home, they 
sent about 8 vehicles to our home over the course of that .day to repair the leak in the gas pipe 
entering our home. Date available upon request. I felt somewhat better after the gas leak was 
fixed. Still I wasn't able to live in our home. My husband hired 2 different electricians to put our 
wiring in metal casings. This cost several thousand dollars. Receipts available upon request.

1. ' .
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ft

Toril H. Jelter MD FAAP
Board Certified Pediatrician 

Specializing in Medical and Environmental 
Aspects of Autism Related Illness

I visited my husband every other week-end. One week-end we had dinner with friends in a 
neighboring town. We sat at an outdoor table for my comfort. We enjoyed lively conversation. I 
was totally engaged. After about 1-2 hours I felt withdrawn, disinterested, became sad and felt 
weak. I asked my husband to take me home. 2 weeks later he took me back to this restaurant 
and asked me to look around. It was a narrow alley way about 20 feet wide. On one side of our 
table at head height was a Smart Meter on the wall of a building. On the other side , the 
opposite side of our table were 2 Smart meters. We had been sitting in the middle. Another time 
I visited a pizza restaurant. As we left we noticed a Smart Meter on the outside of the wall 
where I had been sitting. My husband said “Oh No!” I said it's OK I don't feel bad. This one 
was low to the ground about 1-2 feet up. That night I developed a severe allergic reaction with 
copious mucous from my nose and throat. I also had severe abdominal pain for about 4 hours. It 
was so severe it felt like child birth thru the abdominal wall rather than thru the birth canal. I 
couldn't sit still I had to keep moving to try to alleviate the pain. I considered going to the ER 
several times but held back as the ER is high EMF so I was afraid I'd get worse there. I have 
never had such severe abdominal pain before or after that night. The discomfort was noticeable 
to a milder degree for a week afterward. I have metal in my abdomen after previous surgery. 
One doctor told me this might be contributing and make me more vulnerable to EMF 
sensitivity. Over the past 2 years I have had many doctor visits to find out if anyone could help 
me. I have traveled all the way to Santa Barbara for help to see Dr. I have tried
many supplements and detoxification procedures to see if there was anything I could do to 
myself to try to get so I could tolerate my home and work situation again. After many such ' 
attempts I am now able to live in my home if I limit my total EMF exposures thru out the day 
but have still not found a medical clinic setting to allow me to continue practicing medicine in a 
substantial way. We turn the electricity to our bedrooms off at night. I can only work for a few 
hours per week- not enough to sustain a practice in the long run. I can't find a medical clinic 
setting that has no Smart Meter and is otherwise low EMF. Soon my 7 neighbors will get a 
Smart Meter on their water supply. What will that do to me? I've asked a surgeon to remove the 
metal from my abdomen. He said it was not impossible but very difficult. I doubt any health 
insurance company would pay for this and the risks are high. Our lives have become a living 
nightmare. When I visit friends I have to limit the visit to their home. I can't visit family for 
very long if they have a Smart Meter because then I can't sleep at night. I am strongly opposed 
to electronic trespass thru our property. It is a human right to be able to live in ones home. We 
are being chased from our home and there seems to be no recourse. We have gone from 2 
incomes to one. Our finances have been devastated. I am not only concerned about myself and 
my family and friends. As a society I am deeply concerned about the ramifications unbridled 
roll out of electromagnetic radiation (EMR) is having on our children. 1 of 88 children in the 
United States now has autism. That is over 1%! Researchers have identified many physiological 
abnormalities in these children. Over 50 of these physiological abnormalities can be caused or 
worsened by EMR. Details available upon request.That is shocking! Somebody, somewhere 
needs to do something. This is akin to rape of a whole generation but the weapon doesn't enter 
just one orifice in a child's body it enters every cell in their mind and body and harms them at 
levels of EMR that are currently considered “safe”. EMR is the ultimate powerful weapon 
because the perpetrator has no blood on their hands. This has to stop. We must lean how to use

2.
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Toril H. Jelter MD FAAP
Board Certified Pediatrician 

Specializing in Medical 8nd Environmental 
Aspects of Autism Belated illness

modem technology in a “safe” manner. If a utility already has proven repeatedly that they are 
unable to maintain the electrical distribution system ( contact David Wilner (415) 898-1200 for 
more information) and the gas distribution system (i.e. San Bruno) why on earth do we permit a 
third tier that needs to be maintained? At least we can sometimes smell gas when there is a leak 
and stop the leak but we have no way of monitoring whether or not a Smart Meter is working 
right and even if it is it is harming people.

4. In summary I have had the following since the Smart Meters entered my community. Loss of 
health, loss of livelihood, loss of freedom to go where I please, loss of the ability to spend time 
with family and friends, temporary loss of my home and the potential for complete loss of my 
home unless Smart Meter free neighborhoods are established and many additional expenses for 
travel, EMF remediation and loss of vehicle returning from Santa Barbara and more.

I declare under penalty of perjury that the foregoing is true and correct. I have personal knowledge of 
all facts set forth and am competent to testify there to if called upon to testify in a court of law.

Sincerely,

3.
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The following physiologic dysfunctions have been found in some children with an autism spectrum 
disorder. The same dysfunctions can be exaggerated or caused by electromagnetic radiation that is 
currently considered to be “safe”.

• Genetic alterations and chromosomal changes
• Cerebellum changes on MR!
• Retina/ optic nerve damage/ visual problems
• Increased inflammatory reactions .
.* Increased hypersensitivity/ allergic reactions
• Immune shift or dysfunction
• Genotoxicity ,
'* Increased oxidative stress
• Increased risk with older parents
• Altered fetal development '
• Genetic dysfunctions
• Mutations

. • Somatic alterations
• Disturbance of orientation in space
• Increased autoimmune risk
• Cerebral cortex abnormalities
• Altered molecular and cellular development
• Latent effect
• Brain and cerebellar nerve cell damage
• Microdeletions on chromosomes
• Protein expression abmormalities
• Increased cellular stress response
• Morphologic alterations of immune cells
• Changed lymphocyte viability
• Decrease of Natural Killer cells
• Decrease of T-lymphocytes
• Uteroplacental circulatory disturbance
• Increased membrane permeability
• Altered cytokine profile -
• Distubance of gastrointestinal function, gastric 'juices', enzymes, motility, inflammation etc.
• Serotonin dysfunctions
• Decrease of melatonin and sleep difficulties
• Dietary opiod peptide abnormalities
• Behavioral dysfunction
• Cognitive dysfunction
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• Hypo or hyperactivity
• Memory problems
• Deficits in understanding complex ideas
• Increased seizure risk
• Autonomic disturbance
• Poof visual and perceptual motor skills and auditory memory
• Headaches
• Fatigue
• Depression
• Anxiety

' • Lack of concentration •
• Increased irritability •
• Decreased appetite
• Aggression

■*. Hormonal disturbance -.
• Electromagnetic hypersensitivity (3.2% in Califomia)-common reported signs and symptoms of 

the latter are: Headache, thought processing difficulties, memory impairment, heart palpitations, 
sleep disorder, general malaise, blurred vision,weakness, dizziness, chest discomfort, muscle 
pain, tinnitus, fatigue, nausea, night sweats, restless legs or paresthesias

When a researcher notices that environmental factor A can cause B and that entity B has been identified 
in children with autism the researcher will no doubt wonder if environmental factor A is somehow 
contributing to or causing dysfunction B in children with autism. What do YOU think a researcher 
thinks if electromagnetic radiation currently considered “safe” can cause or worsen over 50 of the 
pathological processes already identified in children with autism? There are many things we as a global 
community can do now if we wish to nurture the next generation of children. For example: Try a 2 
week EMF remediation trial: See how your family feels: Turn off the wireless router for 12 hours at 
night and use an ethemet cable during the day, unplug all cordless phones use wired instead and turn 
off the electricity to the bedrooms at night IF you know how to do this safely. You may be surprised by 
what you discover!

For more information see the following websites: Wired Child
EMF Safety network
Citizens for safe technology

Sources: The Bioinitiative Report by Dr. Carpenter and Cindy Sage 
Autism edited by Andrew W. Zimmerman 
Changing the Course of Autism by Dr. Bryan Jepson 
Autism and its Medical Management by Michael G. Chez MD 
Cross Currents by Dr. Robert O. Becker
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Smart Meter Health Effects Authorization

health effects from smart meters previously submitted to Smart Meter Help! or Stop Smart 
Meters!, to be used in the current smart meter safety investigation before the Maine Public 
Utilities Commission in the matter of Ed Friedman, et al- MPUC Docket No. 2011-00262.

I further authorize Josh Hart of Stop Smart Meters! to attach my declaration to his 
testimony in the MPUC proceeding to be submitted by Bruce McGlauflin, Esq., 
representing the complainants, Ed Friedman, et al, in that case, with the understanding 
that my declaration will become part of the public record in that proceeding.

!

I

1

, authorize use of my declaration regarding personal
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April 6, 2012

have personal knowledge of all facts set forth in this 
declaration and am competent to testify thereto if called upon to testify in a court 
of law. I hereby declare:

My name is and I reside at |
ll am a utility customer of Pacific Gas and Electric (PG&E).

I live in a condominium complex where clusters of smart meters were installed on 
all the buildings several months ago. In early March, 2012, I began waking up 
every morning with ringing in my ears. I had never experienced this in my home 
before, ever. The ringing became gradually stronger and louder, becoming shrill 
and high pitched. The ringing was accompanied by a buzzing sound. At first, the 
ringing would go away when I was away from the house, but after several weeks 
the buzzing and ringing became so pronounced that it would continue even when I 
was away from home. I also began to feel a strange burning sensation along with 
mild nausea when I was at home. My sleep became disturbed. I instinctively knew 
it was from the smart meters, which I had never wanted installed in the first place.
I went online to research common smart meter health complaints and found that 
my exact symptoms were shared by many others. Alarmed, I called my doctor and 
made an appointment. I was seen by Dr.^^^^^^^^Hon March 28, 2012. She 
told me that ringing in the ears (Tinnitus) is a condition she takes very seriously 
because it can cause hearing loss. I was referred for an audiology exam which is 
scheduled for May 16, 2012.

"Opting out" of my own smart meter does not solve the problem for me because I 
am surrounded by everyone else's smart meters, which are in very close proximity 
to me. I have learned that PG&E has violated FCC regulations by "co-locating" the 
smart meters in clusters, which emit dangerously high levels of Electromagnetic 
Radiation, as determined by the FCC. No one is enforcing this regulation. In 
addition, the meters are installed such that all residents of my complex must pass 
within several inches of the meters to empty their trash. This is also an FCC
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regulation violation, which states the meters are not to be within 20 cm of human 
contact.

I have been forced to move out of my bedroom and am sleeping at the bottom of 
my staircase, up against a wall that is the farthest away from the meters. This has 
helped to diminish the ringing somewhat. Some nights, however, it is so intolerable 
in my home that I have driven to my place of business in late at night
to sleep in my office. I find that the more time I spend away from home, the better 
I feel. I am no longer comfortable in my own home and feel as though I have been 
invaded.

It has become clear to me that if this situation is not remedied, I will be forced to 
move out of the home that I love. I have spent hours researching methods to 
protect against EMF radiation and have scheduled contractors to shield the inner 
walls of my home with copper paint and cover my windows with copper screens. 
This is going to be quite costly for me, as well as time consuming, since I will need 
to re-paint over the copper paint, even though I just painted my entire interior less 
than one year ago. I am hoping that the shielding will allow me to to stay in my 
home until PG&E is forced to remove the meters or at the very least abide by the 
FCC regulations and have no more than one meter per building. Of course I will 
not be protected from the meters when outside, such as when going from my home 
to my car or emptying trash. Taking walks in my neighborhood, sadly, is no longer 
safe.

It has been well documented by doctors, scientists, and public health officials that 
smart meters are a serious public health issue. I have had the levels of radiation 
coming into my home and emanating from the smart meters on my building 
measured with the use of an RF meter, and have documented evidence that these 
levels are dangerous. I will do whatever is necessary on my part to ensure that this 
unwanted, unsafe, abominable smart meter nightmare comes to an end as quickly 
as possible.

I declare under penalty of perjury that the foregoing is true and correct. I have 
personal knowledge of all facts set forth in this declaration and am competent to 
testify thereto if called upon to testify in a court of law.
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3/28/20121:20 PM Office Visit 
MHN: I

Department 

Dept Phone:

HART EXHIL
Description: Female DOB:

Provider:!

Reason for Visit
Tinnitus ringing in ears

Your Vitals Were - -
Last Recorded BP

106/52
Pulse Temp(Sro) Rest>
59 98.5 °F (36.9 12 I

_____________ °C) (Oral)_______ I

Weight . SpQ2 
68.312 kg (150 97% 
lb 9.6 oz)

today's Orders
REFERRAL TO AUDIOLOGY. INT

- Immunizations or injections administered on date of encounter- 3/28/2012
No immunizations on file.

Test and Procedures
Internal Referral:

REFERRAL TO AUDIOLOGY, INT

If the Audiology Department has not contacted you within 3 days to schedule your appointment, please call the number 
below.

Allergies as of 
3/28/2012

No Known Allergies
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Smart Meter Health Effects Authorization

I authorize use of my declaration regarding personal
healtlTeffects from smart meters previously submitted to Smart Meter Help! or Stop Smart 
Meters!, to be used in the current smart meter safety investigation before the Maine Public 
Utilities Commission in the matter of Ed Friedman, et al- MPUC Docket No. 2011-00262.

I further authorize Josh Hart of Stop Smart Meters! to attach my declaration to his 
testimony in the MPUC proceeding to be submitted by Bruce McGlauflin, Esq., 
representing the complainants, Ed Friedman, et al, in that case, with the understanding 
that my declaration will become part of the public record in that proceeding.

Signed this day of January, 2013 by:
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Declaration of I

I, personal knowledge of all facts set forth in this declaration and am
competent to testify thereto if called upon to testify in a court of law. I hereby declare:

1. My name is and until March 2012, I resided at I

2. Until March 2012, I was living with my sister and her husband, who were utility 
customers of Pacific Gas and Electric.

3. I was unaware that a Smart Meter had been installed on our house, but I suddenly 
began having severe, debilitating headaches, joint and muscle pain, muscle cramping, 
elevated blood pressure, irregular heartbeat, insomnia, and an intermittent 
buzzing/tingling sensation in my legs and feet that happened every few seconds day 
and night, and I realized on checking with the electric company, that my symptoms 
began right after the Smart Meter was first installed. What further confirmed for me my 
suspicion that my symptoms were connected to the Smart Meter was the fact that my 
symptoms completely disappeared when I would go to stay a few days at my daughter’s 
house in Marin County (which has placed a moratorium on Smart Meter installation, so 
consequently none of the houses or businesses in her area have Smart Meters).

4. The effects of the Smart Meter were so debilitating for me that I have relocated to
to an area where there are no Smart Meters.

I declare under penalty of perjury that the foregoing is true and correct. I have personal 
knowledge of all facts set forth in this declaration and am competent to testify thereto if 
called upon to testify in a court of law. This declaration was executed this 3rd day of 
April, 2012 at Asheville, North Carolina.
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Smart Meter Health Effects Authorization

I use of my declaration
regarding personal health effebts from smart meters previously submitted to 
Smart Meter Help! or Stop Smart Meters!, to be used in the current smart 
meter safety investigation before the Maine Public Utilities Commission in 
the matter of Ed Friedman, et al- MPUC Docket No. 201 1 -00262.

I further authorize Josh Hart of Stop Smart Meters! to attach my declaration 
to his testimony in the MPUC proceeding to be submitted by Bruce 
McGlauflin, Esq., representing the complainants, Ed Friedman, et al, in that 
case, with the understanding that my declaration will become part of the 
public record in that proceeding.

Signed this day of January, 2013 by:

: ■ U ' 11 ' 11111111

Street Address 

City/State/ZipJ

I'd op ho ne 111 

Finnil
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Declaration o

have personal knowledge of all 
facts set forth in this declaration and am competent to testify 
thereto if called upon to testify in a court of law. I hereby 
declare:

and I reside at

(2) I am a utility customer of Florida Power & Light Company, NextEra 
Energy Resources, LLC.

(3) Approx Feb 28th to March 1, 2012 FPL/NextEra installed smart meters 
on both my neighbor’s homes. I did not have a meter installed on my home. 
I started getting sick on 29th-1sl March.

(4) I was not able to go to the left side of my house or the right side I was 
confined to my great room which was in the middle because of the smart 
meters on my neighbor's homes. I could not cook in my kitchen because 
my condition got worse, the use of my bathrooms had to be quick because 
both on my bathrooms were on the side of the house were my neighbors 
smart meter was.

(5) I was in good health before the smart meters were installed because
of FPL/NextEra installing the smart meters my quality of life went down hill.
I was subjected to extreme pain and agony. I experienced severe insomnia, 
diarrhea, agitation and irritability, flu like symptoms, extreme fatigue, CONSTANT 
stabbing migraines, extreme nausea, heart palpitations, muscle pain, earaches, 
severe anxiety, and an induced seizure. On March 10th I suffered a seizure in 
Which EMS rushed me to the hospital were I was diagnosed as having a seizure.
My husband also started to get migraines when they installed the smart meter my 
Neighbor’s homes.

(6) On March 11th I called and left a message with the customer advocate for FPL 
Clara Scutt and notified her that l had a seizure from the smart meters on my neighbors 
Homes and that my husband was terrified to go to work and leave me alone in fear
Of me having another seizure from the smart meters. Clara Scutt called me back on 
Monday March 12 and said she will see what she can do. Clara Scutt called back I 
am not sure of the time line 1 day or 2 and stated FPL could not remove the 
Smart Meters from my neighbors homes unless my neighbors contacted FPL and made 
A request.

(7) FPL/NextEra have very devious business model. FPL/NextEra did not call and ask if 
homeowners wanted the smart meter installed I checked with 3 neighbors and many friends, 
workers and people who live in this county. FPL/NextEra changed the smart meters
BY FORCE they have the gall to say to me they need permission to remove the smart meters. 
When FPL/Next ERA removed the smart meters from my neighbors homes the side effects I was 
feeing subsided 1 day after the removal.
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(8)14 years ago I had overcome a neurological condition, my doctor was extremely pleased with 
my progress over the past 9 years we where discussing taking me off meds I no longer need a 
goal I had sought all this time; he was also pleased my thyroid condition was also under control 
other than a migraine disorder I have enjoyed a relatively good health until now.

Now I find it difficult to speak without stuttering even trying to get words out. I have 
huge memory loss, difficulty concentrating or doing any critical thinking. I have spasms 
on the left side of my body and my equilibrium is off. My migraine disorder has been 
exacerbated. Not related to my migraine disorder I wake up and go to bed feeling sick 
every day since the smart meter installation.

I don’t know if I will ever return to normal, this is what I face since FPL/NextEra decided 
to put smart meters on to peoples homes with no testing. FPL/NextEra has made my 
husband and myself guinea pigs to dangerous technology. The side effects I have 
mentioned in the beginning of (8) still remain to this day and could possibly be 
permanent.

I declare under penalty of perjury that the foregoing is true and 
correct. I have personal knowledge of all facts set forth in this 
declaration and am competent to testify thereto if called upon to 
testify in a court of law.
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Smart Meter Health Effects Authorization

, authorize use of my declaration regarding personal 
health effects from smart meters previously submitted to Smart Meter Help! or Stop Smart 
Meters!, to be used in the current smart meter safety investigation before the Maine Public 
Utilities Commission in the matter of Ed Friedman, et al- MPUC Docket No. 2011-00262.

I further authorize Josh Hart of Stop Smart Meters! to attach my declaration to his 
testimony in the MPUC proceeding to be submitted by Bruce McGlauflin, Esq., 
representing the complainants, Ed Friedman, et al, in that case, with the understanding 
that my declaration will become part of the public record in that proceeding.

Signed this U ^ ^day of January, 2013 by:

Namel 

Street Address, 

City/State/Zip j

' I'u "'Bil
Email liillii
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4/7/2012;

Declaration 0

have personal knowledge of all facts set forth in this declaration and am competent to
testify thereto if called upon to testify in a court of law. I hereby declare:

1. My name is and I reside at
2. I am a utility customer of Pacific Gas and Electric (PG&E).

I have been suffering debilitating headaches and dizziness since Smart Meters were installed on homes 
in my neighborhood and place of work in 2010. At the onset of the headaches and dizziness I was 
uncertain of their cause and sought medical attention. Doctors tried many tests and prescribed 
medications to try to find the source and alleviate the symptoms all with no success at alleviating the 
headaches and dizziness. The answer became very clear when in June of 2011,1 left Marin County to go 
visit my Mother in Agoura (southern California). For my nine day visit, I had no headaches or dizziness. 
Upon my return home, the headaches immediately resumed. As suggested by doctors, I had been 
keeping a headache journal in an attempt to find some source whether diet, environmental, behavioral, 
etc. I was getting 15 to 18 debilitating headaches per month every month since the time the smart 
meter was installed. I began to suspect the SmartMeter variable and tested this as a possible source by 
simply leaving to areas without them and returning. The response was consistent; my headaches went 
away when I was not anywhere around Smart Meters.

I called PG&E on 8/25/11 and asked them to remove it and was told they were waiting on the CPUC. I 
filed a complaint with the CPUC on that same day. I put an aluminum shield around the outside of the 
meter (a turkey roasting pan), and shielded the interior wall the meter was up against with aluminum 
foil. This helped reduce my headaches from a level that was causing extreme nausea and photo 
sensitivity to a simple plain old irritating headache that did not keep me from going about my business.

On 9/15/11 one of my doctors diagnosed me with electrical sensitivity. I never had this problem prior to 
the smart meter. On 9/20/11 a second doctor confirmed this diagnosis and wrote a letter for me to 
submit to PG&E stating that the smart meter was causing my electrical sensitivity and "it is medically 
necessary that her analog meter be restored on her home". This letter was submitted to PG&E and the 
CPUC. The smart meter on my home was finally removed on 2/2/12. I

I am fortunate that I live in a small court up against open space and that I have neighbors who also do 
not want Smart Meters. The headaches and dizziness I was experiencing are gone for the most part
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when I am in my own home. I sometimes still have trouble when I have spent too much time outside of 
my home environment and gotten electrically loaded up. Unfortunately, the larger neighborhood I live 
in and my workplace still have Smart Meters. I cannot walk my dog in our neighborhood without getting 
very dizzy. The dizziness subsides when I get home, but this is just not acceptable. These horrible 
devices should all be removed!

I have spent thousands of dollars on doctors, EMF specialists, EMF reduction devices that don't seem to 
work, massage and other therapists to try to alleviate the headaches and dizziness. I have been 
distraught about potentially having to move and to sell my home when I am not in a financial position to 
do so. lam even more upset about the thought of having to leave the job of teaching High School Auto 
Shop in Mill Valley that I absolutely love in order to escape the Smart Meters and their effects on me.

I declare under penalty of perjury that the foregoing is true and correct. I have personal knowledge of 
all facts set forth in this declaration and am competent to testify thereto if called upon to testify in a 
court of law.

This declaration was executed this April 7th, 2012 at Novato, California.
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9/20/2011

To Whom It May Concern:

Patient,^^^^^|has been suffering from chronic severe headache since her gas and 
electric SmartMeter’s were installed. She has developed electrosensitivity as a result of 
excessive exposure to this RF microwave radiation. It is medically necessary that her 
analog meter (s) be restored on her home.

Thank You,

MD
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Smart Meter Health Effects Authorization

' ^I ' 1 ■ ■ ; ..I.'." ■ ! •
submitted to Smart Meter Help! or Stop Smart 

Meters!, to be used in the current smart meter safety investigation before the Maine Public 
Utilities Commission in the matter of Ed Friedman, et al- MPUC Docket No. 2011-00262.

I further authorize Josh Hart of Stop Smart Meters! to attach my declaration to his 
testimony in the MPUC proceeding to be submitted by Bruce McGlauflin, Esq., 
representing the complainants, Ed Friedman, et al, in that case, with the understanding 
that my declaration will become part of the public record in that proceeding.

Signed this day of January, 2013 by:
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Declaration of

I, , have personal knowledge of all
facts set forth in this declaration and am competent to testify 
thereto if called upon to testify in a court of law. I hereby 
declare:
1. My name is and I reside at
2.1 am a utility customer of PGE(PortlandGeneralElectric)
a. )meters were installed.i started waking several times throughout the night with the most awful uncomfortable 
feeling of feverish chill in my bones i have ever felt,and a state of anxiety,panic,and "feeling of impending 
doom".i had 4 day long incredibly painful migranes,nausea,and a prickly sensation on my face.i was waking 
several times throughout the night.i had no idea what the cause was at the time.
b. ) after a week.i noticed the millions of frogs that thrived here werent chirping anymore,and the crickets chirps 
had all but left as well.
c. )the trees started exhibiting grey/white patches on their bark,some patches as thick as paint.the bark was 
spliting on most trees,and appearing scabbed over and covered in fungi,lichen,and moss.now these trees,from 
Portland,throughout beaverton,hillsboro,and forestgrove are dying and falling to the ground at an alarming 
rate.ALL trees,that i have seen,are showing signs of disease or infestation,even the huge ancient ones(one of 
these fell in forest grove a week or so ago and blocked traffic).
d. )late march 2010,my symptoms immediately tripled,and i woke up panicked,my heart pounding out of my 
chest in a state of emergency,i vomited,my nose bleeding.i stepped outside to get some air,i felt like i couldnt 
breath.i witnessed them completing the installation of a collector meter on the street pole at the intersection of 
•HiiPrd. and ^^^B^lvd,right outside my end apartment.i walked over and looked,and it was a smartmeter 
similar to the 2 on my sons bedroom wall.for lack of knowing what to do,out of frustration,and in a physical 
state of panic,i googled "electric meters making me sick",and was shocked to read the results.i found several 
websites talking about the dangers of these meters,in other states than mine,and proceeded to call PGE and 
OREGON PUBLIC UTILITIES, to beg them to turn them off.OPU's smartmeter excuse person was the 
rudest,coldest,most unfeeling woman i have ever had the displeasure of speaking with in my life.PGE put a 
public relation person on the line and told me i was the only one complaining .that the meters were safe,and i 
should find out whats causing my problems because it certainly wasnt the meters.the experiences i was finding 
on these websites were identical to mine.i started making phone calls,and sending emails,everywhere i could 
think of,to no avail.
e. )i have been sleeping on a couch in my living room for over a year.the "pulse”in my bedroom,and my sons 
bedroom,is much stronger than in my living room for some unknown reason,and my son now lives with his 
dad.they hooked Portland up to this grid about September,2011 .the trees rapid decline increased then,and 
again,my symptoms.i cant fall asleep at all until after 3~5am many nights,and i toss and turn the whole 
time,many times not being able to sleep at all.
f. )my symptoms now,and for the past year have increased to :1 .)tinitus(CONSTANT ringing in the ears,worse 
when the frequency is ramped up),2.)chronic migranes lasting 4 days sometimes,3.)chronic insomnia(no sleep 
at all sometimes and no restful sleep ever,and not able to pass out even with a sleep aid until after 3am)4.) 
chronic fatigue,5.)nausea,sometimes so bad i am unable to eat,and vomiting,not like flu,like vomiting from 
stress6.)pain and feverish chill in my bones.7.)pain in my ears8.)eye strain and vision disturbance,words jump 
around on pages,focus goes in and out.9.)pain in jaw and teeth. 10.)organs feel swollen. 11.)heart palpitations 
so bad i feel i must have a phone nearby in case of heartattack.12.)involuntary muscle contractions,inability to 
"unflex"my muscle tissue for hours and whole nights at a time.muscles twitch,and cramp,and my lower back 
gets so strained i can hardly use the restroom by myself sometimesl 3.)frequent urination and dehydration(i 
sleep with a gallon of water by me the thirst gets so profound. 14.)nosebleeds and sinus pressure15.) 
psychologicahfear,anxiety,constant stress,unable to put sentences together to speak,cant find words i want to 
use and cant remember how to spell them anymore.,deppression and despair,feeling no hope ,no joy 
whatsoever and no energy to live at all,confusion,panic,inability to focus at all,constantly"drawing a 
blank".knowing i wont survive much longer if i continue to be exposed.the frogs are gone,the trees are 
dying,and once this grid is fully activated,all will surely die.my cats who slept with me since the day they were 
born spend most of their time outside now,not that the pulse can be escaped.at first i could leave the 
immediate area and find relief,but now,all cities connected,no relief to be found.my cats are nervous wrecks 
and my smallest spends days without coming in to eat.this is one of my pleas for help i have sent out 
attempting to resolve this.i have since become unable to fight this in any way,as my medicaid doctor 
acknowledges my symptoms,but knows nothing of the cause and refuses to test for electrohypersensitivity,so i 
have no where else to turn and no one else i havent written to or spoken with and im just to tired and to sick to 
continue.i feel i have no life left:
To whom it may concern: Pleading for help to stop the pain and suffering. Smart meters are killing me and everything else
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in their path. I am disabled, in a subsidized apartment complex with 150+meters on site. I have 2 on my bedroom wall and 
2 more every 20 ft. and a powerful data collector meter on the street corner added in April, tripling my already torturous 
symptoms when first installed before they turned on the RF. My bones began to ache and become chilled, as if I had a 
permanent really bad flu, the feeling is awful. My heart began pounding and racing feeling as if I were having a heart 
attack, all day and night, unless I left the area. After a week, the millions of frogs here and all the crawfish in the creek 
completely disappeared. The trees started exhibiting cracks in the bark, and started decaying from the inside out. I started 
getting migraines, 4-5days out of the week. I couldn't get any rest at all and became extremely fatigued, when I left the 
immediate area, all symptoms completely disappeared, until now. They installed in all of the adjoining cities. There is no 
escape, no healing time, no removing yourself from the pulse. Then, they turned on the wireless. Now the pine trees are 
burning alive, the feeling of dis-ease has tripled. My muscles are contracted 24/7, my neck and back stiff and sore. My ears 
ring 24 hours a day, my nose bleeds, my ears hurt. The nausea over time becomes so prevalent, I've lost 40 lbs because I 
just can't eat. I have muscles that twitch for hours on end, headaches that pound for whole weeks straight, and I slur my 
words when its really bad. I get no restful sleep. For over a year now, I can’t pass out until 3-5am...ever, and I have to 
drug my seif to sleep at all. I don't know where to turn. I don’t know where to go. I am losing my memories and brain 
function. My words become slurred. My cats I've raised for over 3 yrs will no longer sleep with me, as they have done all 
their lives, and they, and some of the chipmunks outside, are becoming aggressive. The chipmunk I feed is becoming 
disoriented and appears "drugged". I'm depressed, I have unexplained sense of panic and anxiety 24 hours a day. Cell 
phones never made me sick before, or Wi-Fi. Now it hurts to use a cell, or be anyplace that has free Wi-Fi. Every agency 
I've called says I have no choice and they are not liable or responsible. I am desperate for a way to stop these. The lives of 
myself, and every creature with cells depend on shutting these devices off. And don't fall for their non radio transmitting 
replacements. Several people have and their health was just as bad, so its not just the wireless causing this. I am suffering 
in torture, the trees and life forms here are suffering, and I am at a total loss for what to do. I have tried foiling the 
meters. It's just not helping. I also tried upping my mineral intake, orgonite, and aluminum screen faraday cage. They 
aren't even easing the suffering. I don't know what to do. I do not drive, have no friends that drive, and couldn’t afford a 
truck to move, or the expenses, or a location that accepts housing for my 6 cats. There is no area here without these 
meters, and without transportation I can’t go rural, although I would love to. My income is $674 a month. I am barely 
surviving and cannot afford to try other devices to help. I'm trying to find a way to save my life, the lives of my now 
aggressive and agitated cats, and the trees and ecosystem. I get mild relief when out of the residential areas, but i cannot 
rest there, and cannot go in to most malls and restaurants or libraries now because I have become sensitive to Wi-Fi, and 
do not wish to further my pain. Lawyers refuse to take on the utility corps, and the police are on the side of the corps. I 
have filed reports with the Oregon public utility commission, the FTC, the attorney generals office state and federal, the 
utility company Portland General Electric, the state public health department, the city commissioners office, and my local 
city council.

I declare under penalty of perjury that the foregoing is true and 
correct. I have personal knowledge of all facts set forth in this 
declaration and am competent to testify thereto if called upon to 
testify in a court of law.

This declaration was executed this thursday ,5 day of April, 2012 at Beaverton,Oregon

_______ i _______ /_____ :i -
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Smart Meter Health Effects Authorization

I . authorize use of my declaration regarding personal health effects
from smart meters previously submitted to Smart Meter Help! or Stop Smart 
Meters!, to be used in the current smart meter safety investigation before the Maine 
Public Utilities Commission in the matter of Ed Friedman, et al- MPUC Docket 
No. 2011-00262.

I further authorize Josh Hart of Stop Smart Meters! to attach my declaration to his 
testimony in the MPUC proceeding to be submitted by Bruce McGlauflin, Esq., 
representing the complainants, Ed Friedman, et al, in that case, with the 
understanding that my declaration will become part of the public record in that 
proceeding.

Signed this 22nd day of January, 2013 by:
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Declaration of
have personal knowledge of all facts set forth in this declaration-and am 

competent to testify thereto if called upon to testify in a court of law. I hereby declare:
My name is I reside at |___
VHNPl am a utility customer of Pacific Gas and Electric (PG&E) and Sacramento 
Municipal Utility District (SMUD):
I am writing to you regarding perceived and real health issues related to the SmartMeter 
that PG&E installed on my home. I do not want any SmartMeter devices installed on 
my home or property. I have refused to allow the Sacramento Municipal Utility District 
(SMUD) access to install yet another meter on the back of my house directly outside the 
bedrooms.
The PG&E SmartMeter was installed in the front of my house on the wall directly 
outside my living room. I did not grant permission for the installation of the SmartMeter 
device nor was I asked for consent. Recently, I received information regarding their 
“opt-out” program and intend to contact them to take avail of it.
Since the installation of SmartMeters in our neighborhood, I have suffered with tinnitus, 
muscle cramps, sleep disturbance, chronic fatigue, heart palpitations, migraines, blurred 
vision, and dizziness. I am lucky if I get 4 hours of disrupted sleep a night. When I visit 
my father in Shasta County who lives in an area where there are no SmartMeters as 
yet, the tinnitus stops completely. I sleep well and feel much better. I informed my 
doctor about this at a recent appointment in March, 2012.
I am aware of health concern risks related to the wireless transmissions that the 
SmartMeters use. Scientific evidence indicates potential harm from sporadic and 
cumulative exposure. Sensitivity among people varies and many may fail to make the 
connection of symptoms to these devices. Furthermore, the stated output of these 
devices has been grossly misleading and false. I do not want these devices on my 
home or in my neighborhood. I do not want to risk the health of my family from 
SmartMeter pollution.
I informed SMUD of my disapproval and explained my reasons for refusal of installation 
of a SmartMeter. At a recent board meeting, SMUD discussed their ‘opt-out’ program. 
At this meeting, they discussed intentionally informing only their customers who have so 
far refused installation of the SmartMeter and not disseminating the information to all 
customers. They also made improper comments about those who like me feel that 
there are verifiable health risks involved with this technology. SMUD’s munificent opt- 
out is to make it grossly unaffordable to their customers. The fees they discussed for 
opting out and monthly charges thereafter far exceed what PG& E is offering. One 
board member actually said that if SMUD customers didn't like it or couldn’t afford it, 
they could move to PG&E territory.
It is perplexing that during this recession and lack of jobs, that this type of program is 
being allowed. How many jobs are being replaced by these units? I am appalled that 
the complaints and health risks posed by these devices are not being taken seriously. I 
want to stop this insane and ill-conceived technology from being promoted and 
deployed further.
I declare under penalty of perjury that the foregoing is true and correct. I have personal 
knowledge of all facts set forth in this declaration and am competent to testify thereto if 
called upon to testify in a court of law.
This declaration was executed this 4th day of April, 2012 at Sacramento, California.

’riL Hjzorzj
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Smart Meter Health Effects Authorization

I , authorize use of my declaration regarding personal
health effects from smart meters previously submitted to Smart Meter Help! or Stop Smart 
Meters!, to be used in the current smart meter safety investigation before the Maine Public 
Utilities Commission in the matter of Ed Friedman, et al- MPUC Docket No. 2011-00262.

I further authorize Josh Hart of Stop Smart Meters! to attach my declaration to his 
testimony in the MPUC proceeding to be submitted by Bruce McGlauflin, Esq., 
representing the complainants, Ed Friedman, et al, in that case, with the understanding 
that my declaration will become part of the public record in that proceeding.

City/State/Zip

Telephone
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Declaration of

1. My name is and I reside at I am M
years of age.
2. I am a utility customer of PG&E.
3. the electric meter type (PG&E - Landis Gyr focus - silver spring networks) was installed may 
2010 on the outside of the wall of my house 1 foot from a bedroom.
4.1 first noticed symptoms in about may 2011 when I moved into the bedroom near the meter 
from another bedroom in the house. At that time I would sleep about 3 feet from the smartmeter. 
The symptoms that I noticed were less physical mental energy, more body aches and increased 
nose bleeding, and episodes of chest pain heart palpitations.
5. When I finally suspected (feb 2012) that the smartmeter's rf electromagnet radiation emission 
might be making these symptoms worse, i tried moving the bed farther away from the meter and 
the symptoms seemed to improve.
6. today with the smartmeter replaced by PG&E on march 13 2012 in "opt-ouT, my symptoms 
are still better. So I therefore believe that the PG&E - Landis Gyr - Silver Spring Network 
transmitter rf radiation was harmfull to my health.
7.1 am worried that the additive excessive radiation from these pg&e electric meters (mesh 
network) is causing negative health effects to the people in the community.

Thank you very much

This declaration was executed this day of fA /)Y £Lb{2~ at )
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Smart Meter Health Effects Authorization

I ^_________ , authorize use of my declaration regarding personal
health effects from smart meters previously submitted to Smart Meter Help! or Stop Smart 
Meters!, to be used in the current smart meter safety investigation before the Maine Public 
Utilities Commission in the matter of Ed Friedman, et al- MPUC Docket No. 2011-00262.

I further authorize Josh Hart of Stop Smart Meters! to attach my declaration to his 
testimony in the MPUC proceeding to be submitted by Bruce McGlauflin, Esq., 
representing the complainants, Ed Friedman, et al, in that case, with the understanding 
that my declaration will become part of the public record in that proceeding.

Signed this day of January, 2013 by:

- ■

Street Address. 

City/State/Zip

I : HS

Email_______
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Declaration ofl

have personal knowledge of all facts set forth in this declaration and am 
competent to testify thereto if called upon to testify in a court of law. I hereby declare:

1. My name i<^^^^^^^^H^|and I reside

2.1 am a utility customer of Oncor.

Around October of 2010, a utility serviceman came to our house, telling us that he had come to 
replace our electrical meter with no further elaboration. Being uninformed about the advanced 
metering controversy, we gave him permission to do so. Our assumption was that they were 
changing out older equipment and no more than that. .

Almost from the date the meter was installed - if not as of the day it occurred -1 began 
experiencing heightened problems with insomnia. Since then, I have been awaking pretty 
regularly at 2:30 - 3:30 each morning. This is two or more hours earlier than I want to wake up, 
and I almost never am able to go back to sleep.

I lodged a protest with the state public utilities commission and Oncor after later being informed 
as to possible ill effects of such meters and making an association with lost sleep and the 
approximate time that meter was installed, requesting that ours be removed and replaced with 
the analog variety. As a result, a representative was sent to our home. While Here, he 
somehow calibrated the meter to its lowest level. (Why this isn't.done as a "default" from the 
beginning is a mystery to me.) Promptly thereafter, I noticed my insomnia problem was 
mitigated slightly, making me think that the meter was indeed a complicating factor. The relief 
has been minimal. Instead of being awakened around 2:30 a.m., it is now - say - 2:45 to 3:00
a.m. And this is almost a daily problem.

Nothing is, of course, absolutely predictable. Occasionally, I may sleep until 4:00 or so.
However, I also may wake up at 2:00. But the routine has been to regularly wake up around two 
or more hours earlier than desired, like it or not.

I am aware of many studies that have shown electromagnetic forces to be harmful to sleep (e.g. 
through the disruption of rapid eye movement phases of sleep, etc.) My long-time personal 
physician, of is also knowledgeable of this
phenomenon. He also has informed me that, if needed, he would willingly provide a statement 
to substantiate my history of sleep problems and its exacerbation due to increased 
electromagnetic activity in my home.

Sleep debt is a serious condition which can pose many adverse effects to a person's health. And 
I am coming forward in this manner to hopefully bring about a reversal in the problems I have 
endured since the meter was installed on my home as well as to forestall potential health issues 
traceable to this technology:

Page 1 of 2
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t declare under penalty of perjury that the foregoing is true and correct. I have personal knowledge of all 
facts set forth in this declaration and am competent to testify thereto if called upon in a court of law.

This declaration was executed this 9th day of April, 2012, at Keller, Texas.

Page 2 of 2
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Smart Meter Health Effects Authorization

I use of my declaration regarding personal
health effects frotn smart meters previously submitted to Smart Meter Help! or Stop Smart 
Meters!, to be used in the current smart meter safety investigation before the Maine Public 
Utilities Commission in the matter of Ed Friedman, et al- MPUC Docket No. 2011-00262.

I further authorize Josh Hart of Stop Smart Meters! to attach my declaration to his 
testimony in the MPUC proceeding to be submitted by Bruce McGlauflin, Esq., 
representing the complainants, Ed Friedman, et al, in that case, with the understanding 
that my declaration will become part of the public record in that proceeding.

City/State/Zip

Telephone | 

Email
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Declaration of

I, have personal knowledge of all
facts set forth in this declaration and am competent to testify 
thereto if called upon to testify in a court of law. I hereby 
declare:

and I reside at |

2.1 am a utility customer of Portland General Electric
a. )smartmeters were installed 2010
b. )since installed i am having an incredibly hard time breathing 
sleeping and with my brain function
c. )i have gained over 200 lbs in 2yrs and am now disabled
d. )i have to breath with a C-PAP machine now and i cant walk 
more then 20 ft without stopping to catch my breath
e. )january 4,2010,my father passed away abrubtly.i believe from theses meters.i miss him alot
d. )i cannot tolerate much more.please stop this deadly program
e. )i cant remember much more,my memory and thinking processes 
are now nonfunctional
I declare under penalty of perjury that the foregoing is true and
correct. I have personal knowledge of all facts set forth in this - .
declaration and am competent to testify thereto if called upon to
testify in a court of law.

V>fftAc* //mo 11 rrr\r\rr1 o r>r\vn /tv»oi1 /V\+tv»1 /r*^tv»r>r»c#a/of afir* -filoo/KI murVo Vift-vnl AI^naM
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Smart Meter Health Effects Authorization

I use ofim declaration regarding
pei^onanTealtl^tTect^roiTnmarnTTeters previously submitted to Smart Meter Help! or 
Stop Smart Meters!, to be used in the current smart meter safety investigation before the 
Maine Public Utilities Commission in the matter of Ed Friedman, et al- MPUC Docket 
No. 2011-00262.

I further authorize Josh Hart of Stop Smart Meters! to attach my declaration to his 
testimony in the MPUC proceeding to be submitted by Bruce McGlauflin, Esq., 
representing the complainants, Ed Friedman, et al, in that case, with the 
understanding that my declaration will become part of the public record in that 
proceeding.

Signed this ^ / st day of January, 2013 by:

Street Address_JHHIHHHHH

City/State/Zip

Telephone

1 hi 4'i

1
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DECLARATION

I, personal knowledge of all facts set forth
in this Declaration and am competent to testify thereto if called upon to testify in a court 
of law, I hereby declare:

and I reside at

2.1 am a utility customer of PG&E.

3. In October, 2009,1 suffered a severe electrical shock to my head while using a 
cell phone plugged into an electrical wall socket in my home. Since then, I’ve suffered 
from chronic nerve pain, headache, heart palpitations, insomnia and other symptoms 
when in proximity to wireless devices, including wireless Smart Meters, fluorescent 
lighting, and many electrical appliances.

4. In January, 2010,1 contacted PG&E through its website requesting an opt-out 
from the Smart Meter program due to health reasons. My request was rejected.

5. On or about March 20, 2010,1 filed Complaint No. 28145 with PG&E and was 
put on the “Last to Install List” due to health reasons.

6. In and around August 31, 2010, PG&E’s subcontractor Wellington Energy 
installed electric and gas Smart Meters throughout my neighborhood in Santa Rosa. I 
refused installation.

7. Since deployment of Smart Meters in my neighborhood in late August, 2010, 
my symptoms of electrosensitivity have worsened, and I have lost the use of portions of 
my home and property because I must avoid proximity to neighborhood wireless Smart 
Meters.

I declare under penalty of perjury that the foregoing is true and correct. I have 
personal knowledge of all facts set forth in this Declaration and am competent to testify 
thereto if called upon to testify in a court of law.

This Declaration was executed this 7th day of April, 2012, at Santa Rosa, 
California.
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Smart Meter Health Effects Authorization

authorize use of my declaration regarding personal 
health effects from smart meters previously submitted to Smart Meter Help! or Stop Small 
Meters!, to be used in the current smart meter safety investigation before the Maine Public 
Utilities Commission in the matter of Ed Friedman, et al- MPUC Docket No. 2011-00262.

I further authorize Josh Hart of Stop Smart Meters! to attach my declaration to his 
testimony in the MPUC proceeding to be submitted by Bruce McGlauflin, Esq., 
representing the complainants, Ed Friedman, et al, in that case, with the understanding 
that my declaration will become part of the public record in that proceeding.

c jit-
Signed this | Lj day of January, 2013 by:

Name

Street Address 

City/State/Zip

Telephone

Email
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Declaration of |___________

have personal knowledge of all facts set forth in this declaration and am 

competent to testify thereto if called upon to testify in a court of law. I hereby declare:

1. My name is ^^^^^^^^^|and I reside at |

2. Jama utility customer of SDG&E.

1. I moved into the above-named address April 2011 to care for my 91 year old husband with 

Parkinson's, my 88 year old mother, and my 91 year old father.

2. Shortly after moving in, we noticed a rapid decline in our health. I would come home from 

work, and my husband, who is confined to one room, one chair, would beg me to get him out of 

the room, that he kept getting buzzing and shocks.

3. We both noticed we couldn't sleep. Night after night we lay awake most of the night.

4. I had previous health issues (MS), but they were all completely under control. Yet suddenly, all 

hell broke loose. I was suffering depression, irritability, inability to sleep and more. My husband 

complained night and day of the same things.

5. Then sometime during the month of May our son came to remove some blinds on the windows. 

He offered to unstick the windows which had been stuck closed for years. When he did he 

poked his head out and declared, "Oh! There's your electric meter".

6. It was like a huge lightbulb had been lit. We were sleeping right under a "smart meter", which 

we'd heard about, but had no idea was there. Our bodies were literally inches from the meter.

7. Shortly thereafter we hired someone to change it back to an analog, and peace was restored. All 

the irritability, the depression, the inability to sleep, shocks, buzzing - gone.

8. Recently the electric company has come and put "their" analog on (after asking if they could - 

but I was at work, and my 88 year old mother didn't know what to do). We're skeptical. We're 

pray they didn't figure out a way to make a smart meter merely look like an analog.

I declare under penalty of perjury that the foregoing is true and correct. I have personal knowledge of 

all facts set forth in this declaration and am competent to testify thereto if called upon to testify in a 

court of law.
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Re: Maine Public Utilities Commission https://webmail.lycos.conv,wm2/driver?nim]et=getemail&action=print&fid=,INBOX&mid=;)2.,.

Maine Public Utirtf\jiV^?5mfSsion 
fRoi|: Joshua Hart<joshuahart(®/baymoon.com> 

date: The. Jan 29 2013 at 8:09 PM

Print

If you could print out the below text, fill it out, sign it, scan it, and send it back to me by e-mail that would be great. If you could do this asap, 
we'll get it included in our packet.

Thanks HI 1 will get in touch with someone who can come interview you.

Josh

Smart Meter Health Effects Authorization

I authorize use of my declaration regarding persona) health effects from smart meters previously submitted to Smart Meter Help! or Stop Smart
Meters!, to be used in the current smart meter safety investigation before the Maine Public Utilities Commission in the matter of Ed Friedman, et al- MPUC Docket No. 2011-00262.

I further authorize Josh Hart of Stop Smart Meters! to attach my declaration to his testimony in the MPUC proceeding to be submitted by Bruce McGlauflin, Esq., representing 
the complainants, Ed Friedman, et al, in that case, with the understanding that my declaration will become part of the public record in that proceeding.

Signed this *=2? day of January, 2013 by:

City/State/Zip J 

Telephone_

1 of 2 1/29/2013 8:10 PM
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I’m not quite sure of the date but I’m sure Edison knows when a utility worker from the 
Corix company came to my house to change my old analog electric meter over to the new 
smart meter. At the time 1 knew nothing about smart meters and had never even heard of 
them. So I agreed and the utility worker quickly installed the new meter and left. The new 
meter that was put in was located on the inside back porch of the house and at the time I 
had an old electrical system that still used the old glass fuses.

It was not long after that when I started to notice that I had developed a constant ringing 
in my ears and was always fatigued along with heart palpitations but I couldn’t figure out 
why 1 might be having these issues. I went and had my hearing tested and was diagnosed 
with tinnitus.

Around the first part of April of 2012 1 decided to have the electrical system of the house 
upgraded. Southern California Edison came by and did a meter drop and wanted the new 
meter placed on that alley side of the house so that the wires from the utility line would 
not cross over any structures. The upgrade took a couple of weeks to complete. The new 
meter panel along with the smart meter now sat right outside of one the bedrooms which I 
use has a music studio where I spend most of my time which is usually from early 
morning to late in the evening. The way my computer desk was set up put me directly in 
front of the smart meter which was about 4 feet away from where I would sit most of the 
time.

After about a month of sitting in front of the smart meter on around 05/2012 1 noticed on 
the right side of my neck what iooked like a burn which later had my skin looking like it 
had been cooked. The burn was about 2 inches long by about a half inch wide. Shortly 
after that I reported it to my doctor at the ^JlVIedical Center and was given 
Triamcinolone Acetonide Cream to apply. It took close to maybe a month before the 
burn cleared up but then I started noticing that I was having a problem swallowing pills.
I have an herbal medication that 1 take that sort of has a gel cap coating to it that would 
pop right back up after swallowing it. I also noticed that sometimes I would spit up small 
amounts of blood if I would try to clear my throat to aggressively. I went back to my 
doctor at^^^Hwith these complaints and he set me up for a barium swallow test.

By this time 1 was starting to feel like the smart meter had something to do with the way I 
was feeling. After several complaints to Edison to remove the meter 1 was getting quite 
desperate and feeling quite ill. The last night before they removed it I could not even 
sleep in my bedroom which was on the same side of the house as the smart meter 
approximately 15 feet or so from my bed. 1 ended up sleeping on the floor that night in 
the living room. The next day an Edison utility worked came out and removed the smart 
meter.
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I had been reading and learning about the difference between smart meters and analog 
meters so when the Edison utility worker showed up I knew that I did not want anything 
to do with smart meters or any Trojan horse replacement meters made up to look like 
analog meters. I asked the Edison installer several times if this was a true analog 
replacement meter that was not set up for transmitting or collecting information and his 
exact words were “well it might send out a ping”. I told him if that’s the case then it’s not 
a true analog meter like the original meter I had before Corix installed the smart meter.
At any rate he installed the replacement meter which was made up to look like an analog 
meter and left.

After he left I went on line and did a Google search for the meter the Edison worker had 
installed and found that it indeed had transmitting and data collecting abilities. Upon 
discovering that I was really pissed off that Edison would try to be so deceitful. I went on 
line and found a place where I could buy my own legal analog meter and purchased one. I 
gave Edison fair notice and asked them to come out and remove it or I would replace it 
with the one I purchased. In addition I also purchased a Electrosmog meter so that I could 
measure the EMF’s coming off all my devices.

A few days after I sent Edison the letter asking them to remove the Trojan meter which 
goes by the name of “Landis Gyr + MX Family” at around 9:30 in the evening my ears 
began ringing really loud. Something told me to check the new Edison meter with my 
Electrosmog meter and I saw that it was registering for about 20 minutes that the Edison 
meter was transmitting a signal. The next day I removed the Landis Gyr meter and sent it 
back to Edison and had an electrician install my replacement meter.

After that Edison became very hostile and began to threaten that they would turn off my 
power. They sent out one of their Revenue Protection agents a Mr. Anthony Medina 
who claimed I was stealing electricity because I did not have one of their meters on my 
house. The new analog meter which I had installed could be easily read and had been 
calibrated by the factory but I was told it was not expectable as far as Edison was 
concerned. Mr. Medina wanted to reinstall the same meter that I had sent back to Edison 
and I told him that I didn’t want it. He said that he could get an analog meter that would 
be a non-transmitting meter but that he would have to drive all the way back to his office 
in Fullerton to get it. He was back in about 30 minutes with the same meter claiming it 
was different then the first one. I knew he was lying because there is no way he could 
drive from my house to Fullerton and back in 30 minutes.

Edison left me alone for a few weeks and then I got two more threatening phone calls 
from a woman at Edison threatening now to turn off my power immediately and also a 
fine for $250 for tampering with Edison equipment. Shortly after that Mr. Medina came 
back out and reinstalled the same Landis Gyr + MX meter on my house that I had 
returned to them. The $250 fine shortly followed which I paid. I was just tired of 
fighting with them.
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I also wanted to mention that I also wrote a letter complaining to the California Public 
Utilities Commission about the Trojan meter the Landis Gyr+ MX meter that Edison was 
forcing me to take and I got a reply back from Ana Montes telling me that Edison was not 
in the wrong and that the meter was perfectly expectable as far as the CPUC was 
concerned.

Fast forward to about the first of November 2012 I went back to the doctor because I was 
having real bad heart burn for a couple of weeks and I thought that it might be because of 
a hernia that I had so my doctor set me up to see about having a hernia repair done. 
Before the hernia repair I decided to finally go and get the Barium Swallow done that he 
wanted and I mentioned to him my suspicions and why I did not want to do the Barium 
Swallow was because I did not want to get bombarded with more X rays because of my 
suspicions about the smart meter. He told me that he had discussed it with some of his 
colleagues and that they saw no connection.

So now comes the day of my hernia operation and they roll me into the operating room to 
do the surgery. When I wake up I don’t feel any pain or scars and a minute or so later a 
recovery room nurse comes over and tells me that my surgery was cancelled because they 
couldn’t get a air tube down my throat on the operating table because of a mass in my 
throat. That was on 11/16/12. Anyway, when I get home later that evening I was 
drinking a cup of tea when all of a sudden I spit up what looked like a piece of raw 
hamburger with blood in it about the size of quarter. Since it was on a Friday and late in 
the evening the only thing I could think of was to quickly put the specimen in a small 
glass jar and freeze it.

On Tuesday, November 20th I went to H^HMedical Center in the
ENT department to see a Dr.^Hwhere I dropped off the specimen. When I came back 
for a follow-up visit on 12/12/12 that was when I got the diagnosis that the specimen was 
cancerous. So the cancer that I have is at the bottom right side of the back of my tongue 
the same side as the bum on my neck and has to be treated with radiation and chemo 
because I was told that it’s too much of a high risk for complications to do surgery on.
I have never been a smoker or a drinker. Not a big cell phone or cordless phone user 
either. I have always been pretty health conscious and about seven or eight months ago 
switched to more of a vegan type diet.

Sincerely,
01/28/2013
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Smart Meter on porch
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Smart Meter Health Effects Authorization

authorize use of my declaration regarding personal 
health effects from smart meters previously submitted to Smart Meter Help! or Stop Smart 
Meters!, to be used in the current smart meter safety investigation before the Maine Public 
Utilities Commission in the matter of Ed Friedman, et al- MPUC Docket No. 2011-00262.

I further authorize Josh Hart of Stop Smart Meters! to attach my declaration to his 
testimony in the MPUC proceeding to be submitted by Bruce McGlauflin, Esq., 
representing the complainants, Ed Friedman, et al, in that case, with the understanding 
that my declaration will become part of the public record in that proceeding.

Signed this *21? day of January, 2013 by:

Telephone,

Email
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Smart Meter Help!
P.O. Box 30
Davenport, CA 95017-0030

April 5,2012

4-^ W1 LvtCl.j' y i Nv/V &=b\JU. X llUlovl u X vLUliL Ui vXLX v/XLlv X XIClLviy XlvXJ.U.Xiv

had began in October 2011, and got progressively worse before my trip, 
during my trip, and came back with a vengeance upon my return home «

Declaration of I _________
I, have personal knowledge of all facts set forth in this

declaration and am competent to testify thereto if called upon to testify in a court of 
law. I hereby declare:____________
1. My name and I reside at |
2. I am a utility customer of Pacific Gas & Electric (PG&E)
3. Without my knowledge or consent, "smart" meters were installed in my home.
4. On the evening of Friday, Nov 18, 2011,1 returned from a 10-day trip out of town to
a smart-meter free location, and immediately heard an incessant ringing in my ears. By 
Sunday, Nov 20th, I noted a return of chronic upper respiratory hemmorhaging that 
’ " ----- - - - - cleared up

along with
difficulty sleeping, blurred vision, trouble concentrating, and headaches. There was no 
other change in my life other than installation of smart meters. The pulsating high- 
pitched ringing in my ears never stopped, but instead got louder and more intense 
whenever I open my mouth to talk, eat, or yawn.
5. By Jan 16, 20121 contacted PG&E by phone and letter stating I need smart meters 
removed from my home, but received no clear reply—until the day of the CPUC ruling, 
Feb 1, 2012 when PG&E officially invited opt-out requests, which I made that same day.
6. The week of Jan 21st, 2012, while sick with strep throat, I became keenly aware of 
numerous debilitating symptoms far beyond strep, so when I made a complete 
recovery from strep throat, I was far from well. My symptoms included: chronic upper 
respiratory hemmorhaging, constant ringing in my ears, blurred vision, heart 
palpitations, and body-wide random muscle spasms whenever I was home. The non
stop ringing in my ears precipitated intense headaches with accompanying nausea and 
feelings of depression. Before smart meters were installed in my home I had one 
headache a year at most. These smart meter induced headaches were of such 
debilitating nature I was unable to think clearly nor go about business as usual daily 
activities, including feeling well enough to eat, bathe, or get dressed.
7. On February 8th, 2012, Rodney, a PG&E representative, replaced the smart meters 
with analog meters. While I still hear some ringing in my ears (likley from neighbors' 
smart meters), my headaches, blurred vision, nausea, heart palpitations, muscle spasms 
and upper respiratory hemmorhaging stopped since smart meters were replaced.

I declare under penalty of perjury that the foregoing is true and correct. I have 
personal knowledge of all facts set forth in this declaration and am competent to testify 
thereto if called upon to testify in a court of law.

This declaration was executed this 5th day of April, 2012, at Berkeley, California.

cc: Alameda Cty Public Health Dpt, 1000 Broadway Suite 500, Oakland, CA 94607-4033
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Smart Meter Health Effects Authorization

,, authorize use of my declaration regarding personal 
health effects from smart meters previously submitted to Smart Meter Help! or Stop Smart 
Meters!, to be used in the current smart meter safety investigation before the Maine Public 
Utilities Commission in the matter of Ed Friedman, et al- MPUC Docket No. 2011-00262.

I further authorize Josh Hart of Stop Smart Meters! to attach my declaration to his 
testimony in the MPUC proceeding to be submitted by Bruce McGlauflin, Esq., 
representing the complainants, Ed Friedman, et al, in that case, with the understanding 
that my declaration will become part of the public record in that proceeding.

Signed this A.A day of January, 2013 by:
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April 4, 2012

DECLARATION OF RITA FIELD '

I, RITA FIELD DECLARE THAT IN OCTOBER OF 2012,1 BEGAN EXPERIENCING A CONSTANT, 
UNNERVING, GAINFUL, BUZZING IN MY EARS. I, now have Insomnia, headaches, and 
Involuntary eye twitching.

I had none of these health problems, before the installation of smart meters. I have done 
research on Smart Meters, and found that I am not alone. People all over the United States, 
Canada, and other countries are also experiencing, the same health problems.

I have written the FCC, and told them that the Radio Frequency, is too strong, and that I should 
not hear the buzzing sound. They send me back information about, how they comply by a 
standard. ' : ■

I am electro sensitive, as are many people. What ever the FCC standard is, does not comply with 
the electro sensitive. I believe that in order for it to be safe, it should not be heard. It should not 
cause headaches, involuntary eye twitching, or insomnia, but It does, so therefore, it is not safe.

So strong is the Radio Frequency, that, I had such strong pain in my chest, that I have been to 
the Emergency Room twice.

APS, the electric company, in Prescott, Arizona, where I reside, is a benefactor to the Yavapai

The Yavapai Community Health .Department, knows about the problem, but they cannot do
anything about It,, they tell'me. ' " ' '

Our good mayor, Marlin Kuykendall, was instrumental, in the removal of 88 Smart Meters from 
Canyon Run Senior Village, where I reside. . • .

It is the mission of APS, to install Smart Meters, on every building. This grid system, is harmful,
and dangerous. . . ' : : . ; . .

I should be asleep right now. It is 3:30 am. Instead I am awake with buzzing in my ears. These 
smart meters are torture devices. My ears are sore. I have been to my Doctor. He does not know 
what to do for me. * . .

I have been in contact with the Arizona Corporation Commission, and the Public Utilities 
Commission. . .

Tam .suffering because of Rqdio.,Frpq|uency.

"Rita-Field ’
701 ■ White: Spar Rd,; Apt 103. Prescott, Arizona 86303-4685 field Rita@hotmail.com

' ’ " ■ • •" ■ ; . ■ ' ■ . w ’ ' ' • ' ; ’v - : ■ 

_ ■
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Cell phone use and behavioural problems in 
young children.
Divan HA, Kheifets L, Obel C, Olsen J.

Source

Division of Biostatistics, Department of Preventive Medicine, Keck School of Medicine of the 
University of Southern California, Los Angeles, CA, USA. kheifets@ucla.edu

Abstract

BACKGROUND:

Potential health effects of cell phone use in children have not been adequately examined. As 
children are using cell phones at earlier ages, research among this group has been identified as 
the highest priority by both national and international organisations. The authors previously 
reported results from the Danish National Birth Cohort (DNBC), which looked at prenatal and 
postnatal exposure to cell phone use and behavioural problems at age 7 years. Exposure to cell 
phones prenatally, and to a lesser degree postnatally, was associated with more behavioural 
difficulties. The original analysis included nearly 13 000 children who reached age 7 years by 
November 2006.

METHODS:

To see if a larger, separate group of DNBC children would produce similar results after 
considering additional confounders, children of mothers who might better represent current users 
of cell phones were analysed. This 'new' dataset consisted of 28 745 children with completed 
Age-7 Questionnaires to December 2008.

RESULTS:

The highest OR for behavioural problems were for children who had both prenatal and postnatal 
exposure to cell phones compared with children not exposed during either time period. The 
adjusted effect estimate was 1.5 (95% CI 1.4 to 1.7).

CONCLUSIONS:

The findings of the previous publication were replicated in this separate group of participants 
demonstrating that cell phone use was associated with behavioural problems at age 7 years in 
children, and this association was not limited to early users of the technology. Although weaker
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in the new dataset, even with further control for an extended set of potential confounders, the 
associations remained.

PMID:
21138897
[PubMed - indexed for MEDLINE]
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Studies that show WiFi and Devices Health Effects

Effects On Brain and Neurons

Lai, H, Carino, MA, Singh, NP, Naltrexone blocks RFR-induced DNA double strand 
breaks in rat brain cells. Wireless Networks 3:471-476, 1997.
Previous research in our laboratory has shown that various effects of radiofrequency 
electromagnetic radiation (RFR) exposure on the nervous system are mediated by 
endogenous opioids in the brain. We have also found that acute exposure to RFR 
induced DNA strand breaks in brain cells of the rat. The present experiment was carried 
out to investigate whether endogenous opioids are also involved in RFR-induced DNA 
strand breaks. Rats were treated with the opioid antagonist naltrexone (1 mg/kg, IP) 
immediately before and after exposure to 2450-MHz pulsed (2 Els pulses, 500 pps) RFR at 
a power density of 2 mW/cm2 (average whole body specific absorption rate of 1.2 W/kg) 
for 2 hours. DNA double strand breaks were assayed in brain cells at 4 hours after 
exposure using a microgel electrophoresis assay. Results showed that the RFR exposure 
significantly increased DNA double strand breaks in brain cells of the rat, and the effect 
was partially blocked by treatment with naltrexone. Thus, these data indicate that 
endogenous opioids play a mediating role in RFR-induced DNA strand breaks in brain 
cells of the rat.

Kesari KK, Behari J, Kumar S. Mutagenic response of 2.45 GHz radiation exposure on rat 
brain. Int J Radiat Biol. 86(4):334-343, 2010.
Purpose: To investigate the effect of 2.45 GHz microwave radiation on rat brain of male 
wistar strain. Material and methods: Male rats of wistar strain (35 days old with 130 +/- 
10 g body weight) were selected for this study. Animals were divided into two groups: 
Sham exposed and experimental. Animals were exposed for 2 h a day for 35 days to 2.45 
GHz frequency at 0.34 mW/cm(2) power density. The whole body specific absorption 
rate (SAR) was estimated to be 0.11 W/Kg. Exposure took place in a ventilated Plexiglas 
cage and kept in anechoic chamber in a far field configuration from the horn antenna. 
After the completion of exposure period, rats were sacrificed and the whole brain tissue 
was dissected and used for study of double strand DNA (Deoxyribonucleic acid) breaks by 
micro gel electrophoresis and the statistical analysis was carried out using comet assay 
(IV-2 version software). Thereafter, antioxidant enzymes and histone kinase estimation 
was also performed. Results: A significant increase was observed in comet head (P < 
0.002), tail length (P < 0.0002) and in tail movement (P < 0.0001) in exposed brain cells. 
An analysis of antioxidant enzymes glutathione peroxidase (P < 0.005), and superoxide 
dismutase (P < 0.006) showed a decrease while an increase in catalase (P < 0.006) was 
observed. A significant decrease (P < 0.023) in histone kinase was also recorded in the 
exposed group as compared to the control (sham-exposed) ones. One-way analysis of 
variance (ANOVA) method was adopted for statistical analysis. Conclusion: The study 
concludes that the chronic exposure to these radiations may cause significant damage to 
brain, which may be an indication of possible tumour promotion (Behari and Paulraj 
2007).
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Lai, H, Singh, NP, Melatonin and a spin-trap compound block radiofrequency 
electromagnetic radiation-induced DNA strand breaks in rat brain cells. 
Bioelectromagnetics 18(6):446-454, 1997.
Effects of in vivo microwave exposure on DNA strand breaks, a form of DNA damage, 
were investigated in rat brain cells. In previous research, we have found that acute (2 
hours) exposure to pulsed (2 microseconds pulses, 500 pps]_2450-MHz radiofrequency 
electromagnetic radiation (RFR) (power density 2 mW/cm2, average whole body specific 
absorption rate 1.2 W/kg) caused an increase in DNA single- and double-strand breaks in 
brain cells of the rat when assayed 4 hours post exposure using a microgel 
electrophoresis assay. In the present study, we found that treatment of rats immediately 
before and after RFR exposure with either melatonin (1 mg/kg/injection, SC) or the spin- 
trap compound N-tert-butyl-alpha-phenylnitrone (PBN) (100 mg/kg/injection, i.p.) blocks 
this effects of RFR. Since both melatonin and PBN are efficient free radical scavengers it 
is hypothesized that free radicals are involved in RFR-induced DNA damage in the brain 
cells of rats. Since cumulated DNA strand breaks in brain cells can lead to 
neurodegenerative diseases and cancer and an excess of free radicals in cells has been 
suggested to be the cause of various human diseases, data from this study could have 
important implications for the health effects of RFR exposure.

Lai H, Singh NP, Interaction of Microwaves and a Temporally Incoherent Magnetic Field 
on Single and Double DNA Strand Breaks in Rat Brain Cells. Electromag Biol Med 24:23
29, 2005.
The effect of a temporally incoherent magnetic field ('noise') on microwave-induced DNA 
single and double strand breaks in rat brain cells was investigated. Four treatment 
groups of rats were studied: microwave-exposure (continuous-wave 2450-MHz 
microwaves, power density 1 mW/cm2, average whole body specific absorption rate of 
0.6 W/kg), 'noise'-exposure (45 mG), 'microwave + noise'-exposure, and sham-exposure. 
Animals were exposed to these conditions for 2 hrs. DNA single and double strand breaks 
in brain cells of these animals were assayed 4 hrs later using a microgel electrophoresis 
assay. Results show that brain cells of microwave-exposed rats had significantly higher 
levels of DNA single and double strand breaks when compared with sham-exposed 
animals. Exposure to 'noise' alone did not significantly affect the levels (i.e., they were 
similar to those of the sham-exposed rats). However, simultaneous 'noise' exposure 
blocked microwave-induced increases in DNA strand breaks. These data indicate that 
simultaneous exposure to a temporally incoherent magnetic field could block microwave- 
induced DNA damage in brain cells of the rat.

Papageorgiou CC, Hountala CD, Maganioti AE, Kyprianou MA, Rabavilas AD, 
Papadimitriou GN, Capsalis CN. Effects of wi-fi signals on the p300 component of event- 
related potentials during an auditory hayling task. J Integr Neurosci. 10(2):189-202, 
2011.
The P300 component of event-related potentials (ERPs) is believed to index attention 
and working memory (WM) operation of the brain. The present study focused on the 
possible gender-related effects of Wi-Fi (Wireless Fidelity) electromagnetic fields (EMF)
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on these processes. Fifteen male and fifteen female subjects, matched for age and 
education level, were investigated while performing a modified version of the Hayling 
Sentence Completion test adjusted to induce WM. ERPs were recorded at 30 scalp 
electrodes, both without and with the exposure to a Wi-Fi signal. P300 amplitude values 
at 18 electrodes were found to be significantly lower in the response inhibition condition 
than in the response initiation and baseline conditions. Independent of the above effect, 
within the response inhibition condition there was also a significant gender X radiation 
interaction effect manifested at 15 leads by decreased P300 amplitudes of males in 
comparison to female subjects only at the presence of EMF. In conclusion, the present 
findings suggest that Wi-Fi exposure may exert gender-related alterations on neural 
activity associated with the amount of attentional resources engaged during a linguistic 
test adjusted to induce WM.

Ghazizadeh V, Naziroglu M. Electromagnetic radiation (Wi-Fi) and epilepsy induce 
calcium entry and apoptosis through activation of TRPV1 channel in hippocampus and 
dorsal root ganglion of rats. Metab Brain Dis. 29(3):787-799, 2014.
Incidence rates of epilepsy and use of Wi-Fi worldwide have been increasing. TRPV1 is a 
Ca2+ permeable and non-selective channel, gated by noxious heat, oxidative stress and 
capsaicin (CAP). The hyperthermia and oxidant effects of Wi-Fi may induce apoptosis and 
Ca2+ entry through activation of TRPV1 channel in epilepsy. Therefore, we tested the 
effects of Wi-Fi (2.45 GHz) exposure on Ca2+ influx, oxidative stress and apoptosis 
through TRPV1 channel in the murine dorsal root ganglion (DRG) and hippocampus of 
pentylentetrazol (PTZ)-induced epileptic rats. Rats in the present study were divided into 
two groups as controls and PTZ. The PTZ groups were divided into two subgroups namely 
PTZ + Wi-Fi and PTZ + Wi-Fi + capsazepine (CPZ). The hippocampal and DRG neurons 
were freshly isolated from the rats. The DRG and hippocampus in PTZ + Wi-Fi and PTZ + 
Wi-Fi + CPZ groups were exposed to Wi-Fi for 1 hour before CAP stimulation. The 
cytosolic free Ca2+, reactive oxygen species production, apoptosis, mitochondrial 
membrane depolarization, caspase-3 and -9 values in hippocampus were higher in the 
PTZ group than in the control although cell viability values decreased. The Wi-Fi exposure 
induced additional effects on the cytosolic Ca2+ increase. However, pretreatment of the 
neurons with CPZ, results in a protection against epilepsy-induced Ca2+ influx, apoptosis 
and oxidative damages. In results of whole cell patch-clamp experiments, treatment of 
DRG with Ca2+ channel antagonists [thapsigargin, verapamil + diltiazem, 2-APB, MK-801] 
indicated that Wi-Fi exposure induced Ca2+ influx via the TRPV1 channels. In conclusion, 
epilepsy and Wi-Fi in our experimental model is involved in Ca2+ influx and oxidative 
stress-induced hippocampal and DRG death through activation of TRPV1 channels, and 
negative modulation of this channel activity by CPZ pretreatment may account for the 
neuroprotective activity against oxidative stress.

Deshmukh PS, Megha K, Banerjee BD, Ahmed RS, Chandna S, Abegaonkar MP, Tripathi 
AK. Detection of Low Level Microwave Radiation Induced Deoxyribonucleic Acid 
Damage Vis-a-vis Genotoxicity in Brain of Fischer Rats. Toxicol Int. 20(1):19-24, 2013.
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BACKGROUND: Non-ionizing radiofrequency radiation has been increasingly used in industry, 
commerce, medicine and especially in mobile phone technology and has become a matter of 
serious concern in present time. OBJECTIVE: The present study was designed to investigate 
the possible deoxyribonucleic acid (DNA) damaging effects of low-level microwave radiation 
in brain of Fischer rats. MATERIALS AND METHODS: Experiments were performed on male 
Fischer rats exposed to microwave radiation for 30 days at three different frequencies: 900, 
1800 and 2450 MHz. Animals were divided into 4 groups: Group I (Sham exposed): Animals 
not exposed to microwave radiation but kept under same conditions as that of other groups, 
Group II: Animals exposed to microwave radiation at frequency 900 MHz at specific 
absorption rate (SAR) 5.953 x 10(-4) W/kg, Group III: Animals exposed to 1800 MHz at SAR 
5.835 x 10(-4) W/kg and Group IV: Animals exposed to 2450 MHz at SAR 6.672 x 10(-4) W/kg. 
At the end of the exposure period animals were sacrificed immediately and DNA damage in 
brain tissue was assessed using alkaline comet assay. RESULTS: In the present study, we 
demonstrated DNA damaging effects of low level microwave radiation in brain. CONCLUSION: 
We concluded that low SAR microwave radiation exposure at these frequencies may induce 
DNA strand breaks in brain tissue.

Lai H, Carino MA, Horita A, Guy AW, Intraseptal microinjection of beta-funaltrexamine 
blocked a microwave-induced decrease of hippocampal cholinergic activity in the rat. 
Pharmacol Biochem Behav 53(3):613-616, 1994.
Acute (45 min) exposure to pulsed (2 microseconds pulse width, 500 pulses per second) 
2450-MHz microwaves at a power density of 1 mW/cm2 (whole body specific absorption 
rate 0.6 W/kg) microwaves caused a decrease in cholinergic activity in the hippocampus 
of the rat as measured by the sodium-dependent high-affinity choline uptake. 
Microinjection of beta-funaltrexamine (1 microgram) into the septum before microwave 
exposure blocked this effect. These data indicate that mu-opioid receptors in the septum 
mediate a microwave-induced decrease in cholinergic activity in the hippocampus and 
support our hypothesis that microwaves at a whole body SAR of 0.6 W/kg can activate 
endogenous opioids in the brain.

Lai H, Carino MA, Horita A, Guy AW, Single vs. repeated microwave exposure: effects 
on benzodiazepine receptors in the brain of the rat. Bioelectromagnetics 13(1):57-66, 
1992.
We studied the effects of single (45 min) and repeated (ten daily 45-min sessions) 
microwave exposures (2450-MHz, 1 mW/cm2, average whole-body SAR of 0.6 W/kg, 
pulsed at 500 pps with pulse width of 2 microseconds) on the concentration and affinity 
of benzodiazepine receptors in the cerebral cortex, hippocampus, and cerebellum of the 
rat. We used a receptor-binding assay with 3H-flunitrazepam as ligand. Immediately after 
a single exposure, an increase in the concentration of receptor was observed in the 
cerebral cortex, but no significant effect was observed in the hippocampus or 
cerebellum. No significant change in binding affinity of the receptors was observed in any 
of the brain-regions studied. In rats subjected to repeated exposures, no significant 
change in receptor concentration was found in the cerebral cortex immediately after the 
last exposure, which may indicate an adaptation to repeated exposures. Our data also
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show that handling and exposure procedures in our experiments did not significantly 
affect benzodiazepine receptors in the brain. Because benzodiazepine receptors in the 
brain are responsive to anxiety and stress, our data support the hypothesis that low- 
intensity microwave irradiation can be a source of stress.

Lai H, Carino MA, Horita A, Guy AW, Opioid receptor subtypes that mediate a 
microwave-induced decrease in central cholinergic activity in the rat. 
Bioelectromagnetics 13(3):237-246, 1992.
We performed experiments to investigate subtypes of opioid receptors in the brain 
involved in the effect of acute (45 min) pulsed microwave exposure (2,450-MHz, 2- 
microseconds pulses, 500 pps, average power density 1 mW/cm2, peak-power density, 1 
W/cm2, average whole body SAR 0.6 W/kg) on cholinergic activity in the rat brain. Rats 
were pretreated by microinjection of specific antagonists of mu, delta, and kappa opioid- 
receptors into the lateral cerebroventricle before exposure to microwaves. The data 
showed that all three subtypes of opioid receptors are involved in the microwave- 
induced decrease in cholinergic activity in the hippocampus. However, the microwave- 
induced decrease in cholinergic activity in the frontal cortex was not significantly affected 
by any of the drug treatments, confirming our previous conclusion that the effect of 
microwaves on the frontal cortex is not mediated by endogenous opioids.

Yang XS, He GL, Hao YT, Xiao Y, Chen CH, Zhang GB, Yu ZP. Exposure to 2.45 GHz 
electromagnetic fields elicits an HSP-related stress response in rat hippocampus. Brain 
Res Bull. 88(4):371-378, 2012.
The issue of possible neurobiological effects of the electromagnetic field (EMF) exposure 
is highly controversial. To determine whether electromagnetic field exposure could act as 
an environmental stimulus capable of producing stress responses, we employed the 
hippocampus, a sensitive target of electromagnetic radiation, to assess the changes in its 
stress-related gene and protein expression after EMF exposure. Adult male Sprague- 
Dawley rats with body restrained were exposed to a 2.45 GHz EMF at a specific 
absorption rate (SAR) of 6 W/kg or sham conditions. cDNA microarray was performed to 
examine the changes of gene expression involved in the biological effects of 
electromagnetic radiation. Of 2048 candidate genes, 23 upregulated and 18 
downregulated genes were identified. Of these differential expression genes, two heat 
shock proteins (HSP), HSP27 and HSP70, are notable because expression levels of both 
proteins are increased in the rat hippocampus. Result from immunocytochemistry 
revealed that EMF caused intensive staining for HSP27 and HSP70 in the hippocampus, 
especially in the pyramidal neurons of cornu ammonis 3 (CA3) and granular cells of 
dentate gyrus (DG). The gene and protein expression profiles of HSP27 and HSP70 were 
further confirmed by reverse transcription polymerase chain reaction (RT-PCR) and 
Western blot. Our data provide direct evidence that exposure to electromagnetic fields 
elicits a stress response in the rat hippocampus.
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Lai H, Carino MA, Wen YF, Horita A, Guy AW, Naltrexone pretreatment blocks 
microwave-induced changes in central cholinergic receptors. Bioelectromagnetics 
12(1):27-33, 1991.
Repeated exposure of rats to pulsed, circularly polarized microwaves (2,450-MHz, 2- 
microseconds pulses at 500 pps, power density 1 mW/cm2, at an averaged, whole-body 
SAR of 0.6 W/kg) induced biphasic changes in the concentration of muscarinic cholinergic 
receptors in the central nervous system. An increase in receptor concentration occurred 
in the hippocampus of rats subjected to ten 45-min sessions of microwave exposure, 
whereas a decrease in concentration was observed in the frontal cortex and 
hippocampus of rats exposed to ten 20-min sessions. These findings, which confirm 
earlier work in the authors' laboratory, were extended to include pretreatment of rats 
with the narcotic antagonist naltrexone (1 mg/kg, IP) before each session of exposure. 
The drug treatment blocked the microwave-induced changes in cholinergic receptors in 
the brain. These data further support the authors' hypothesis that endogenous opioids 
play a role in the effects of microwaves on central cholinergic systems.
Lai H, Horita A, Guy AW, Microwave irradiation affects radial-arm maze performance in 
the rat. Bioelectromagnetics 15(2):95-104, 1994.

After 45 min of exposure to pulsed 2450 MHz microwaves (2 microseconds pulses, 500 
pps, 1 mW/cm2, average whole body SAR 0.6 W/kg), rats showed retarded learning while 
performing in the radial-arm maze to obtain food rewards, indicating a deficit in spatial 
"working memory" function. This behavioral deficit was reversed by pretreatment before 
exposure with the cholinergic agonist physostigmine or the opiate antagonist naltrexone, 
whereas pretreatment with the peripheral opiate antagonist naloxone methiodide 
showed no reversal of effect. These data indicate that both cholinergic and endogenous 
opioid neurotransmitter systems in the brain are involved in the microwave-induced 
spatial memory deficit.

Lai H. Interaction of microwaves and a temporally incoherent magnetic field on spatial 
learning in the rat. Physiol Behav. 82(5):785-789, 2004.
The effect of a temporally incoherent magnetic field ('noise') on microwave-induced 
spatial learning deficit in the rat was investigated. Rats were trained in six sessions to 
locate a submerged platform in a circular water maze. Four treatment groups of rats 
were studied: microwave-exposure (2450-MHz continuous-wave microwaves, power 
density 2 mW/cm(2), average whole-body specific absorption rate 1.2 W/kg), 'noise' 
exposure (60 mG), 'microwave+noise' exposure, and sham exposure. Animals were 
exposed to these conditions for 1 h immediately before each training session. One hour 
after the last training session, animals were tested in a 2-min probe trial in the maze 
during which the platform was removed. The time spent during the 2 min in the quadrant 
of the maze in which the platform had been located was scored. Results show that 
microwave-exposed rats had significant deficit in learning to locate the submerged 
platform when compared with the performance of the sham-exposed animals. Exposure 
to 'noise' alone did not significantly affect the performance of the animals (i.e., it was 
similar to that of the sham-exposed rats). However, simultaneous exposure to 'noise'
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significantly attenuated the microwave-induced spatial learning deficit (i.e. 
'microwave+noise'-exposed rats learned significantly better than the microwave-exposed 
rats). During the probe trial, microwave-exposed animals spent significantly less time in 
the quadrant where the platform was located. However, response of the 
'microwave+noise'-exposed animals was similar to that of the sham-exposed animals 
during the probe trial. Thus, simultaneous exposure to a temporally incoherent magnetic 
field blocks microwave-induced spatial learning and memory deficits in the rat.

Kesari KK, Kumar S, Behari J. Pathophysiology of microwave radiation: effect on rat 
brain.Appl Biochem Biotechnol. 166(2):379-388, 2012.
The study aims to investigate the effect of 2.45 GHz microwave radiation on Wistar rats. 
Rats of 35 days old with 130 ±10 g body weight were selected for this study. Animals 
were divided into two groups: sham exposed and experimental (six animals each). 
Animals were exposed for 2 h a day for 45 days at 2.45 GHz frequency (power density, 
0.21 mW/cm(2)). The whole body specific absorption rate was estimated to be 0.14 
W/kg. Exposure took place in a ventilated plexiglas cage and kept in an anechoic 
chamber under a horn antenna. After completion of the exposure period, rats were 
killed, and pineal gland and whole brain tissues were isolated for the estimation of 
melatonin, creatine kinase, caspase 3, and calcium ion concentration. Experiments were 
performed in a blind manner and repeated. A significant decrease (P < 0.05) was 
recorded in the level of pineal melatonin of exposed group as compared with sham 
exposed. A significant increase (P < 0.05) in creatine kinase, caspase 3, and calcium ion 
concentration was observed in whole brain of exposed group of animals as compared to 
sham exposed. One-way analysis of variance method was adopted for statistical analysis. 
The study concludes that a reduction in melatonin or an increase in caspase-3, creatine 
kinase, and calcium ion may cause significant damage in brain due to chronic exposure of 
these radiations. These biomarkers clearly indicate possible health implications of such 
exposures.

Hao Y, Yang X, Chen C, Yuan-Wang, Wang X, Li M, Yu Z. STAT3 signalling pathway is 
involved in the activation of microglia induced by 2.45 GHz electromagnetic fields. Int J 
Radiat Biol. 86(1):27-36, 2010.
PURPOSE: Microglia activation plays a pivotal role in the initiation and progression of 
central nervous system (CNS) insult. The aim of the present work was to investigate 
theactivation of microglia and involvement of signal transducer and activator of 
transcription 3 (STAT3) in microglia activation after 2.45 GHz electromagnetic fields 
(EMF) exposure. MATERIALS AND METHODS: In this study, murine N9 microglial cells 
were exposed to 2.45 GHz EMF, the protein expressions of STAT3, Janus Tyrosine kinase 
1 and 2(JAK1 and JAK2), phosphor-(Try705)STAT3 and DNA binding activity of STAT3 were 
examined by Western blot analysis and electrophoresis mobility shift assay (EMSA).
Levels of the nitric oxide (NO) derivative nitrite were determined in the culture medium 
by the Griess reaction. The mRNA expression of tumour necrosis factor alpha (TNF-alpha) 
and inducible nitric oxide synthase (iNOS) were detected by reverse transcription and 
polymerase chain reaction (RT-PCR). RESULTS: A significant increase of STAT3 DNA-
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binding ability was noted after exposure. Consistent with this, EMF rapidly induced 
phosphorylation of STAT3 and activated JAK1 and JAK2. In addition, EMF exposure 
increased transcription levels of the inflammation-associated genes, iNOS and TNF-alpha, 
which are reported to contain STAT-binding elements in their promoter region. P6, a JAK 
inhibitor, reduced induction of iNOS and TNF-alpha, nuclear factor binding activity, and 
activation of STAT3 in EMF-stimulated microglia. CONCLUSION: These results provide 
evidence that EMF exposure can initiate the activation of microglia cells and STAT3 
signalling involves in EMF-induced microglial activation.

Zhang Y, She F, Li L, Chen C, Xu S, Luo X, Li M, He M, Yu Z. p25/CDK5 is partially involved 
in neuronal injury induced by radiofrequency electromagnetic field exposure. Int J 
Radiat Biol. 2013 Jul 29. [Epub ahead of print]
Purpose: Several studies suggest that radiofrequency electromagnetic field (RF-EMF) 
exposure can induce neuronal injury. The aim of the present work was to investigate 
whether the cyclin-dependent kinase 5 (CDK5) pathway is involved in neuronal injury 
induced by RF-EMF exposure. Materials and methods: Newborn Sprague-Dawley rats' 
primary cultured cortical neurons were exposed to pulsed 2.45 GHz RF-EMF for 10 min. 
The cellular viability was assessed using the 3-(4,5-Dimethylthiazol-2-yl)-2,5- 
diphenyltetrazolium bromide assay. The apoptosis was assessed by Hoechst 33342 and 
terminal deoxynucleotidyl transferase (TdT)-mediated dUTP nick-end labeling co
staining. The protein expressions of CDK5, p35, p25, and phosphorylated tau at Ser404 
were examined by Western blot analysis. The CDK5 activity was detected using a histone- 
H1 kinase assay. Results: The cellular viability of neurons was significantly decreased (p < 
0.01, Partial Eta Squared [np2]: 0.554), and the percentage of apoptotic nuclei (p < 0.01, 
np2 = 0.689), activity of CDK5 (p < 0.05, np2 = 0.589), ratio of p25 and p35 (p < 0.05, np2 = 
0.670), levels of tau phosphorylation at Ser404 (p < 0.01, np2 = 0.896) were significantly 
increased after RF-EMF exposure. No significant change was detected in CDK5 expression 
after RF-EMF exposure. Pretreatment with Roscovitine (a CDK5 inhibitor) significantly 
blocked the RF-EMF-induced decrease of cellular viability (p < 0.05, np2 = 0.398) and tau 
hyperphosphorylation at Ser404 (p < 0.01, np2 = 0.917), but did not significantly block the 
RF-EMF-induced apoptosis (p > 0.05, np2 = 0.130). Conclusions: These results suggest that 
abnormal activity of p25/CDK5 is partially involved in primary cultured cortical neuron 
injury induced by RF-EMF exposure.

Eser O, Songur A, Aktas C, Karavelioglu E, Caglar V, Aylak F, Ozguner F, Kanter M. The 
effect of electromagnetic radiation on the rat brain: an experimental study. Turk 
Neurosurg. 23(6):707-715, 2013.
AIM: The aim of this study is to determine the structural changes of electromagnetic waves in 
the frontal cortex, brain stem and cerebellum. MATERIAL and METHODS: 24 Wistar Albino 
adult male rats were randomly divided into four groups: group I consisted of control rats, and 
groups II-IV comprised electromagnetically irradiated (EMR) with 900, 1800 and 2450 MHz. 
The heads of the rats were exposed to 900, 1800 and 2450 MHz microwaves irradiation for 1h 
per day for 2 months. RESULTS: While the histopathological changes in the frontal cortex and 
brain stem were normal in the control group, there were severe degenerative changes,

-9-

http://www.ncbi.nlm.nih.gov/pubmed?term=Zhang%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=23786497
http://www.ncbi.nlm.nih.gov/pubmed?term=She%20F%5BAuthor%5D&cauthor=true&cauthor_uid=23786497
http://www.ncbi.nlm.nih.gov/pubmed?term=Li%20L%5BAuthor%5D&cauthor=true&cauthor_uid=23786497
http://www.ncbi.nlm.nih.gov/pubmed?term=Chen%20C%5BAuthor%5D&cauthor=true&cauthor_uid=23786497
http://www.ncbi.nlm.nih.gov/pubmed?term=Xu%20S%5BAuthor%5D&cauthor=true&cauthor_uid=23786497
http://www.ncbi.nlm.nih.gov/pubmed?term=Luo%20X%5BAuthor%5D&cauthor=true&cauthor_uid=23786497
http://www.ncbi.nlm.nih.gov/pubmed?term=Li%20M%5BAuthor%5D&cauthor=true&cauthor_uid=23786497
http://www.ncbi.nlm.nih.gov/pubmed?term=He%20M%5BAuthor%5D&cauthor=true&cauthor_uid=23786497
http://www.ncbi.nlm.nih.gov/pubmed?term=Yu%20Z%5BAuthor%5D&cauthor=true&cauthor_uid=23786497
http://www.ncbi.nlm.nih.gov/pubmed/23786497
http://www.ncbi.nlm.nih.gov/pubmed/23786497
http://www.ncbi.nlm.nih.gov/pubmed?term=Eser%20O%5BAuthor%5D&cauthor=true&cauthor_uid=24310452
http://www.ncbi.nlm.nih.gov/pubmed?term=Songur%20A%5BAuthor%5D&cauthor=true&cauthor_uid=24310452
http://www.ncbi.nlm.nih.gov/pubmed?term=Aktas%20C%5BAuthor%5D&cauthor=true&cauthor_uid=24310452
http://www.ncbi.nlm.nih.gov/pubmed?term=Karavelioglu%20E%5BAuthor%5D&cauthor=true&cauthor_uid=24310452
http://www.ncbi.nlm.nih.gov/pubmed?term=Caglar%20V%5BAuthor%5D&cauthor=true&cauthor_uid=24310452
http://www.ncbi.nlm.nih.gov/pubmed?term=Aylak%20F%5BAuthor%5D&cauthor=true&cauthor_uid=24310452
http://www.ncbi.nlm.nih.gov/pubmed?term=Ozguner%20F%5BAuthor%5D&cauthor=true&cauthor_uid=24310452
http://www.ncbi.nlm.nih.gov/pubmed?term=Kanter%20M%5BAuthor%5D&cauthor=true&cauthor_uid=24310452


Studies that show WiFi and Devices Health Effects

shrunken cytoplasm and extensively dark pyknotic nuclei in the EMR groups. Biochemical 
analysis demonstrated that the Total Antioxidative Capacity level was significantly decreased 
in the EMR groups and also Total Oxidative Capacity and Oxidative Stress Index levels were 
significantly increased in the frontal cortex, brain stem and cerebellum. IL-10 level was 
significantly increased in the EMR groups in the brain stem. CONCLUSION: EMR causes to 
structural changes in the frontal cortex, brain stem and cerebellum and impair the oxidative 
stress and inflammatory cytokine system. This deterioration can cause to disease including 
loss of these areas function and cancer development.

Wang, BM, Lai, H, Acute exposure to pulsed 2450-MHz microwaves affects water maze 
learning in the rat. Bioelectromagnetics 21:52-56, 2000.
Rats were trained in six sessions to locate a submerged platform in a circular water maze. 
They were exposed to pulsed 2450-MHz microwaves (pulse width 2 0s, 500 pulses/s, 
power density 2 mW/cm2, average whole body specific absorption rate 1.2 W/kg) for 1 
hr in a circular waveguide system immediately before each training session. One hour 
after the last training session, they were tested in a probe trial during which the platform 
was removed and the time spent in the quadrant of the maze in which the platform had 
been located during the 1-min trial was scored. Three groups of animals: microwave- 
exposed, sham-exposed, and cage control were studied. Data show that microwave- 
exposed rats were slower than sham-exposed and cage control rats in learning to locate 
the platform. However, there was no significant difference in swim speed among the 
three groups of animals, indicating that the difference in learning was not due to a 
change in motor functions or motivation. During the probe trial, microwave-exposed 
animals spent significantly less time in the quadrant that had contained the platform, and 
their swim patterns were different from those of the sham-exposed and cage control 
animals. The latter observation indicates that microwave-exposed rats used a different 
strategy in learning the location of the platform. These results show that acute exposure 
to pulsed microwaves caused a deficit in spatial "reference" memory in the rat.

Neubauer C, Phelan AM, Kues H, Lange DG, Microwave irradiation of rats at 2.45 GHz 
activates pinocytotic-like uptake of tracer by capillary endothelial cells of cerebral 
cortex. Bioelectromagnetics 11(4):261-268, 1990.
Far-field exposures of male albino rats to 2.45-GHz microwaves (10-microseconds pulses, 
100 pps) at a low average power density (10 mW/cm2; SAR approximately 2 W/kg) and 
short durations (30-120 min) resulted in increased uptakes of tracer through the blood- 
brain barrier (BBB). The uptake of systemically administered rhodamine-ferritin complex 
by capillary endothelial cells (CECs) of the cerebral cortex was dependent on power 
density and on duration of exposure. At 5 mW/cm2, for example, a 15-min exposure had 
no effect. Near-complete blockade of uptake resulted when rats were treated before 
exposure to microwaves with a single dose of colchicine, which inhibits microtubular 
function. A pinocytotic-like mechanism is presumed responsible for the microwave- 
induced increase in BBB permeability.
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Naziroglu M, Celik o, Ozgul C, Cig B, Dogan S, Bal R, Gumral N, Rodrfguez AB, Pariente 
JA. Melatonin modulates wireless (2.45 GHz)-induced oxidative injury through TRPM2 
and voltage gated Ca(2+) channels in brain and dorsal root ganglion in rat. Physiol 
Behav. 105(3):683-692, 2012.
We aimed to investigate the protective effects of melatonin and 2.45 GHz 
electromagnetic radiation (EMR) on brain and dorsal root ganglion (DRG) neuron 
antioxidant redox system, Ca(2+) influx, cell viability and electroencephalography (EEG) 
records in the rat. Thirty two rats were equally divided into four different groups namely 
group A1: Cage control, group A2: Sham control, group B: 2.45 GHz EMR, group C: 2.45 
GHz EMR+melatonin. Groups B and C were exposed to 2.45 GHz EMR during 60 min/day 
for 30 days. End of the experiments, EEG records and the brain cortex and DRG samples 
were taken. Lipid peroxidation (LP), cell viability and cytosolic Ca(2+) values in DRG 
neurons were higher in group B than in groups A1 and A2 although their concentrations 
were increased by melatonin, 2-aminoethyldiphenyl borinate (2-APB), diltiazem and 
verapamil supplementation. Spike numbers of EEG records in group C were lower than in 
group B. Brain cortex vitamin E concentration was higher in group C than in group B. jn 
conclusion, Melatonin supplementation in DRG neurons and brain seems to have 
protective effects on the 2.45 GHz-induced increase Ca(2+) influx, EEG records and cell 
viability of the hormone through TRPM2 and voltage gated Ca(2+) channels.

Testylier G, Tonduli L, Malabiau R, Debouzy JC. Effects of exposure to low level 
radiofrequency fields on acetylcholine release in hippocampus of freely moving rats. 
Bioelectromagnetics 23:249-255, 2002.
Some central cholinergic effects have been reported in animals after acute exposure to 
radiofrequency electromagnetic field at low intensity. We studied acetylcholine (ACh) 
release in the brain of freely moving rats exposed for 1 h during the day to a 2.45 GHz 
continuous wave radiofrequency field (RF) (2 or 4 mW/cm2) or exposed for 1 or 14 h 
during the night to a 800 MHz field modulated at 32 Hz (AM 200 mW/cm2). 
Measurements were performed by microdialysis using a membrane implanted through 
the upper CA1 region of the hippocampus. After irradiation with the 2.45 GHz RF, rats 
exposed at 2 mW/cm2 did not show a significant modification of Ach release, whereas 
those exposed at 4 mW/cm2 showed a significant 40% decrease in mean ACh release 
from hippocampus. This decrease was maximal at 5 h post exposure. Exposure to the 800 
MHz RF for 1 h did not cause any significant effect, but exposure for 14 hrs induced a 
significant 43% decrease in ACh release during the period 11 p.m.-4 a.m. compared to 
control rats. In the control group we observed an increase of ACh release at the 
beginning of the night, which was linked to the waking period of rats. This normal 
increase was disturbed in rats exposed overnight to the 800 MHz RF. This work indicates 
that neurochemical modification of the hippocampal cholinergic system can be observed 
during and after an exposure to low intensity RF.

Lu Y, Xu S, He M, Chen C, Zhang L, Liu C, Chu F, Yu Z, Zhou Z, Zhong M. Glucose 
administration attenuates spatial memory deficits induced by chronic low-power- 
density microwave exposure. Physiol Behav. 106(5):631-637, 2012.

-11-

http://www.ncbi.nlm.nih.gov/pubmed?term=Naz%C4%B1ro%C4%9Flu%20M%5BAuthor%5D&cauthor=true&cauthor_uid=22019785
http://www.ncbi.nlm.nih.gov/pubmed?term=%C3%87elik%20%C3%96%5BAuthor%5D&cauthor=true&cauthor_uid=22019785
http://www.ncbi.nlm.nih.gov/pubmed?term=%C3%96zg%C3%BCl%20C%5BAuthor%5D&cauthor=true&cauthor_uid=22019785
http://www.ncbi.nlm.nih.gov/pubmed?term=%C3%87i%C4%9F%20B%5BAuthor%5D&cauthor=true&cauthor_uid=22019785
http://www.ncbi.nlm.nih.gov/pubmed?term=Do%C4%9Fan%20S%5BAuthor%5D&cauthor=true&cauthor_uid=22019785
http://www.ncbi.nlm.nih.gov/pubmed?term=Bal%20R%5BAuthor%5D&cauthor=true&cauthor_uid=22019785
http://www.ncbi.nlm.nih.gov/pubmed?term=G%C3%BCmral%20N%5BAuthor%5D&cauthor=true&cauthor_uid=22019785
http://www.ncbi.nlm.nih.gov/pubmed?term=Rodr%C3%ADguez%20AB%5BAuthor%5D&cauthor=true&cauthor_uid=22019785
http://www.ncbi.nlm.nih.gov/pubmed?term=Pariente%20JA%5BAuthor%5D&cauthor=true&cauthor_uid=22019785
http://www.ncbi.nlm.nih.gov/pubmed?term=Pariente%20JA%5BAuthor%5D&cauthor=true&cauthor_uid=22019785
http://www.ncbi.nlm.nih.gov/pubmed/22019785
http://www.ncbi.nlm.nih.gov/pubmed/22019785
http://www.ncbi.nlm.nih.gov/pubmed?term=Lu%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=22564535
http://www.ncbi.nlm.nih.gov/pubmed?term=Xu%20S%5BAuthor%5D&cauthor=true&cauthor_uid=22564535
http://www.ncbi.nlm.nih.gov/pubmed?term=He%20M%5BAuthor%5D&cauthor=true&cauthor_uid=22564535
http://www.ncbi.nlm.nih.gov/pubmed?term=Chen%20C%5BAuthor%5D&cauthor=true&cauthor_uid=22564535
http://www.ncbi.nlm.nih.gov/pubmed?term=Zhang%20L%5BAuthor%5D&cauthor=true&cauthor_uid=22564535
http://www.ncbi.nlm.nih.gov/pubmed?term=Liu%20C%5BAuthor%5D&cauthor=true&cauthor_uid=22564535
http://www.ncbi.nlm.nih.gov/pubmed?term=Chu%20F%5BAuthor%5D&cauthor=true&cauthor_uid=22564535
http://www.ncbi.nlm.nih.gov/pubmed?term=Yu%20Z%5BAuthor%5D&cauthor=true&cauthor_uid=22564535
http://www.ncbi.nlm.nih.gov/pubmed?term=Zhou%20Z%5BAuthor%5D&cauthor=true&cauthor_uid=22564535
http://www.ncbi.nlm.nih.gov/pubmed?term=Zhong%20M%5BAuthor%5D&cauthor=true&cauthor_uid=22564535
http://www.ncbi.nlm.nih.gov/pubmed/22564535


Studies that show WiFi and Devices Health Effects

Extensive evidence indicates that glucose administration attenuates memory deficits in 
rodents and humans, and cognitive impairment has been associated with reduced 
glucose metabolism and uptake in certain brain regions including the hippocampus. In 
the present study, we investigated whether glucose treatment attenuated memory 
deficits caused by chronic low-power-density microwave (MW) exposure, and the effect 
of MW exposure on hippocampal glucose uptake. We exposed Wistar rats to 2.45 GHz 
pulsed MW_irradiation at a power density of 1 mW/cm(2) for 3 h/day, for up to 30 days. 
MW exposure induced spatial learning and memory impairments in rats. Hippocampal 
glucose uptake was also reduced by MW exposure in the absence or presence of insulin, 
but the levels of blood glucose and insulin were not affected. However, these spatial 
memory deficits were reversed by systemic glucose treatment. Our results indicate that 
glucose administration attenuates the spatial memory deficits induced by chronic low- 
power-density MW exposure, and reduced hippocampal glucose uptake may be 
associated with cognitive impairment caused by MW exposure.

Paulraj R, Behari J. Single strand DNA breaks in rat brain cells exposed to microwave 
radiation. Mutat Res. 596:76-80, 2006.
This investigation concerns with the effect of low intensity microwave (2.45 and 16.5GHz, 
SAR 1.0 and 2.01W/kg, respectively) radiation on developing rat brain. Wistar rats (35 
days old, male, six rats in each group) were selected for this study. These animals were 
exposed for 35 days at the above mentioned frequencies separately in two different 
exposure systems. After the exposure period, the rats were sacrificed and the whole 
brain tissue was dissected and used for study of single strand DNA breaks by micro gel 
electrophoresis (comet assay). Single strand DNA breaks were measured as tail length of 
comet. Fifty cells from each slide and two slides per animal were observed. One-way 
ANOVA method was adopted for statistical analysis. This study shows that the chronic 
exposure to these radiations cause statistically significant (p<0.001) increase in DNA 
single strand breaks in brain cells of rat.

Paulraj R, Behari J. Protein Kinase C Activity in developing rat brain cells exposed to
2.45 GHz radiation. Electromag Biol Med 25(1) 61-70, 2006.
There is growing concern by the public regarding the potential human health hazard due 
to exposure to microwave frequencies. 2.45 GHz radiation widespread use in industry, 
research, and medicine, and leakage into the environment is possible. In order to 
quantitate this, experiments were performed on developing rat brain. Male Wistar 35- 
day-old rats (n = 6) were used for this study. Animals were exposed to 2.45 GHz radiation 
for 2 h/day for a period of 35 days at a power density of 0.344 mW/cm2 (SAR 0.11 W/kg). 
The control group was sham irradiated. After 35 days these rats were sacrificed and 
whole brain tissue was isolated for protein kinase C (PKC) assay. For morphological study 
the forebrain was isolated from the whole brain and PKC activity was measured using P32 
labeled ATP. Our study reveals a statistically significant (p < 0.05) decrease in PKC activity 
in hippocampus as compared to the remaining portion of the whole brain and the control 
group. A similar experiment conducted on hippocampus and the whole brain gave a 
similar result. Electron microscopic study shows an increase in the glial cell population in
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the exposed group as compared to the control group. This present study is indicative of a 
significant change after exposure to the above-mentioned field intensity. This suggests 
that chronic exposures may affect brain growth and development.

Kubinyi G, Thuroczy G, Bakos J, Boloni E, Sinay H, Szabo LD, Effect of continuous-wave 
and amplitude-modulated 2.45 GHz microwave radiation on the liver and brain 
aminoacyl-transfer RNA synthetases of in utero exposed mice. Bioelectromagnetics 
17(6):497-503, 1996.
Investigations have been carried out concerning the effects of microwave (MW) 
exposure on the aminoacyl-transfer ribonucleic acid (tRNA) synthetase of the progeny of 
females that were exposed during their entire period of gestation (19 days). The changes 
caused by continuous-wave (CW) and amplitude-modulated (AM) MW radiation have 
been compared. CFLP mice were exposed to MW radiation for 100 min each day in an 
anechoic room. The MW frequency was 2.45 GHz, and the amplitude modulation had a 
50 Hz rectangular waveform (on/off ratio, 50/50%). The average power density exposure 
was 3 mW/cm2, and the whole body specific absorption rate (SAR) was 4.23 +/- 0.63 
W/kg. The weight and mortality of the progeny were followed until postnatal day 24. 
Aminoacyl-tRNA synthetase enzymes and tRNA from the brains and livers of the offspring 
(461 exposed, 487 control) were isolated. The aminoacyl-tRNA synthetase activities were 
determined. The postnatal increase of body weight and organ weight was not influenced 
by the prenatal MW radiation. The activity of enzyme isolated from the brain showed a 
significant decrease after CW MW exposure, but the changes were not significant after 
50 Hz AM MW exposure. The activity of the enzyme isolated from liver increased under 
CW and 50 Hz modulated MW.

Jorge-Mora T, Folgueiras MA, Leiro-Vidal JM, Jorge-Barreiro FJ, Ares-Pena FJ, Lopez- 
Martin E. Exposure to 2.45 GHz Microwave Radiation Provokes Cerebral Changes in 
Induction of Hsp-90 q/3 Heat Shock Protein in Rat. Prog Electromagn Res, 100:351-379, 
2010.
Physical agents such as non-ionizing continuous-wave 2.45 GHz radiation may cause 
damage that alters cellular homeostasis and may trigger activation of the genes that 
encode heat shock proteins (HSP). We used Enzyme-Linked ImmunoSorbent Assay 
(ELISA) and immunohistochemistry to analyze the changes in levels of HSP-90 and its 
distribution in the brain of Sprague-Dawley rats, ninety minutes and twenty-four hours 
after acute (30min) continuous exposure to 2.45 GHz radiation in a the Gigahertz 
Transverse Electromagnetic (GTEM cell). In addition, we studied further indicators of 
neuronal insult: dark neurons, chromatin condensation and nucleus fragmentation, 
which were observed under optical conventional or fluorescence microscopy after DAPI 
staining. The cellular distribution of protein HSP-90 in the brain increased with each 
corresponding SAR (0.034 + 3.10-5, 0.069 + 5.10-3, 0.27 + 21.10-3 W/kg), in hypothalamic 
nuclei, limbic cortex and somatosensorial cortex after exposure to the radiation. At 
twenty-four hours post-irradiation, levels of HSP-90 protein remained high in all 
hypothalamic nuclei for all SARs, and in the parietal cortex, except the limbic system, 
HSP-90 levels were lower than in non-irradiated rats, almost half the levels in rats
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exposed to the highest power radiation. Non-apoptotic cellular nuclei and a some dark 
neurons were found ninety minutes and twenty-four hours after maximal SAR exposure. 
The results suggest that acute exposure to electromagnetic fields triggered an imbalance 
in anatomical HSP- 90 levels but the anti-apoptotic mechanism is probably sufficient to 
compensate the non-ionizing stimulus. Further studies are required to determine the 
regional effects of chronic electromagnetic pollution on heat shock proteins and their 
involvement in neurological processes and neuronal damage.

Gurler HS, Bilgici B, Akar AK, Tomak L, Bedir A. Increased DNA oxidation (8-OHdG) and 
protein oxidation (AOPP) by Low level electromagnetic field (2.45 GHz) in rat brain and 
protective effect of garlic. Int J Radiat Biol. 2014 May 21:1-15. [Epub ahead of print]
Purpose: To investigate the oxidative damage and protective effect of garlic on rats 
exposed to low level of electromagnetic fields (EMF) at 2.45 GHz Microwave radiation 
(MWR). Methods: Thirty six Wistar rats were divided into three groups. Group I was the 
control group and not exposed to EMF. Group II and III were exposed to low level EMF 
(3.68±0.36 V/m) at 2.45 GHz MWR for 1 hour/day for 30 consecutive days. Daily 500 
mg/kg garlic was given to Group III during the study period. At the end of the study, 
thiobarbituric acid reactive substances (TBARS), advanced oxidation protein products 
(AOPP) and 8-hydroxydeoxyguanosine (8-OHdG) levels were investigated in brain tissue 
and blood samples. Results: Exposure to low level of EMF increased 8-OHdG level in both 
plasma and brain tissue whereas it increased AOPP level only in plasma. Garlic prevented 
the increase of 8-OHdG level in brain tissue and plasma AOPP levels. Conclusions: It may 
be concluded that low level EMF at 2.45 GHz MWR increases the DNA damage in both 
brain tissues and plasma of the rats whereas it increases protein oxidation only in 
plasma. It may also be argued that the use of garlic decreases these effects.

Fukui Y, Hoshino K, Inouye M, Kameyama Y, Effects of hyperthermia induced by microwave 
irradiation on brain development in mice. J Radiat Res (Tokyo) 33(1):1-10, 1992.
Pregnant mice were exposed to 2.45 GHz of microwave radiation for 15 or 20 min on day 
13 of gestation. The highest maternal core temperature during the exposure did not 
exceed 42.5 degrees C. Pregnant females also were immersed in hot water at 42 degrees 
C for 15 min to compare thermal effects on brain development. Animals were killed 9 
hours after treatment, and the pyknotic cells in the ventricular zone of telencephalon 
were counted. The respective incidences of these cells in the groups exposed to 
microwaves for 15 and 20 min were 1.83% and 3.06%. Microwave radiation for 20 min 
had an effect that was comparable to that of immersion in 42 degrees C hot water for 15 
min. In addition, some animals were examined on day 18 of gestation, and some of their 
offspring were examined at 6 weeks of age in an examination of long-term effects. Brain 
weight for the group exposed to microwaves for 20 min was significantly lower than for 
the control group, and the numerical density of the neurons in the cerebrum was higher. 
We concluded that microwave radiation at the dose tested mainly has a thermal effect.

Naziroglu M, £elik o, Ozgul C, £ig B, Dogan S, Bal R, Gumral N, Rodriguez AB, Pariente 
JA. Melatonin modulates wireless (2.45 GHz)-induced oxidative injury through TRPM2
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and voltage gated Ca(2+) channels in brain and dorsal root ganglion in rat. Physiol 
Behav. 105(3):683-692, 2012.
We aimed to investigate the protective effects of melatonin and 2.45 GHz 
electromagnetic radiation (EMR) on brain and dorsal root ganglion (DRG) neuron 
antioxidant redox system, Ca(2+) influx, cell viability and electroencephalography (EEG) 
records in the rat. Thirty two rats were equally divided into four different groups namely 
group A1: Cage control, group A2: Sham control, group B: 2.45 GHz EMR, group C: 2.45 
GHz EMR+melatonin. Groups B and C were exposed to 2.45 GHz EMR during 60 min/day 
for 30 days. End of the experiments, EEG records and the brain cortex and DRG samples 
were taken. Lipid peroxidation (LP), cell viability and cytosolic Ca(2+) values in DRG 
neurons were higher in group B than in groups A1 and A2 although their concentrations 
were increased by melatonin, 2-aminoethyldiphenyl borinate (2-APB), diltiazem and 
verapamil supplementation. Spike numbers of EEG records in group C were lower than in 
group B. Brain cortex vitamin E concentration was higher in group C than in group B. In 
conclusion, Melatonin supplementation in DRG neurons and brain seems to have 
protective effects on the 2.45 GHz-induced increase Ca(2+) influx, EEG records and cell 
viability of the hormone through TRPM2 and voltage gated Ca(2+) channels.

Field AS, Ginsburg K, Lin JC The effect of pulsed microwaves on passive electrical 
properties and interspike intervals of snail neurons. Bioelectromagnetics 14(6):503- 
520, 1993.
The effects of pulsed microwaves (2.45 GHz, 10 microseconds, 100 pps, SAR: 81.5 kW/kg 
peak, 81.5 W/kg average) on membrane input resistance and action potential (AP) 
interval statistics were studied in spontaneously active ganglion neurons of land snails 
(Helix aspersa), at strictly constant temperature (20.8 +/- .07 degrees C worst case). 
Statistical comparison with sham-irradiated neurons revealed a significant increase in the 
mean input resistance of neurons exposed to pulsed microwaves (P < or = .05). Pulsed 
microwaves had no visible effect on mean AP firing rate; this observation was confirmed 
by analysis of interspike intervals (ISIs). Using an integrator model for spontaneously 
active neurons, we found the net input current to be more variable in neurons exposed 
to pulsed microwaves. The mean input current was not affected. The standard deviation 
of ISIs and the autocorrelation of the input current were marginally affected, but these 
changes were not consistent across neurons. Although the observed effects were less 
obvious than those reported in other studies, they represent evidence of a direct 
interaction between neurons and pulsed microwaves, in the absence of macroscopic 
temperature changes. The data do not suggest a single, specific mechanism for such 
interaction.

Ding G, Xie X, Zhang L et al. Changes of nitric oxide synthase in hippocampus and 
cerebellum of the rat following exposure to electromagnetic pulse. Chin J Phys Med 
20:81-83, 1998.
Objective: In order to explore the role of nitric oxide in the obstruction of learning and 
memory of the rat caused by exposing to electromagnetic pulses (EMP), the distribution 
of nitric oxide synthase (NOS) expression was studied in hippocampus and cerebellum of
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the rat following exposure to EMP. Methods: SP immunohistochemical staining was 
employed to detect the distribution of NOS expression. Results: The number of NOS 
positive neurons and the intensity of positive staining in hippocampus were decreased at
1.5 and 24 h after exposure to EMP. At 48 h, the number of NOS positive neurons 
reversed to control level but the intensity of positive staining was still low. the 
expression of NOS in cerebellum had no obvious changes. Conclusion: Decrease of NOS 
expression in hippocampus relates to the obstruction of learning and memory of the rat 
after exposure to EMP.

Lange DG, Sedmak J, Japanese encephalitis virus (JEV): potentiation of lethality in mice 
by microwave radiation. Bioelectromagnetics 12(6):335-348, 1991.
The expression of Japanese Encephalitis Virus (JEV) lethality in mice requires entry of the 
virus into the central nervous system. This entry is presumably through the capillary 
endothelial cells (CEC), because entry between CECs is inhibited by bands of 
circumferential tight-junctions. A viremic stage occurs during the first 4 to 5 days after 
JEV administration in mice, and both microwave radiation (2.45-GHz, continuous wave, 
10-min exposure) and hypercarbia were employed to increase CEC permeability to JEV. 
Exposure to microwaves at power densities of 10-50 mW/cm2 resulted in a dose- 
dependent increase in JEV-induced lethality. Mice did not become tolerant or sensitized 
to microwave potentiation of JEV-induced mortality because 4 daily exposures at 10 or 
50 mW/cm2 (SARS, approximately 24-98 W/kg) did not alter the lethality pattern to 
subsequent microwave radiation of JEV-exposed animals. Similarly, hypercarbia (5, 10, 
and 20% CO2) was observed to produce a dose-dependent increase in JEV-induced 
lethality. Both microwave radiation and hypercarbia are thought to promote pinocytosis 
in CNS capillary endothelial cells. This may be one mechanism by which they enhance 
JEV-induced lethality in adult Swiss-Cox mice.

Inaba R, Shishido K, Okada A, Moroji T. Effects of whole body microwave exposure on 
the rat brain contents of biogenic amines. Eur J Appl Physiol Occup Physiol. 65(2):124- 
128, 1992.
The effects of whole body microwave exposure on the central nervous system (CNS) of 
the rat were investigated. Rats weighing from 250 to 320 g were exposed for 1 h to 
whole body microwave with a frequency of 2450 MHz at power densities of 5 and 10 
mW.cm-2 at an ambient temperature of 21-23 degrees C. The rectal temperatures of the 
rats were measured just before and after microwave exposure and mono-amines and 
their metabolites in various discrete brain regions were determined after microwave 
exposure. Microwave exposure at power densities of 5 and 10 mW.cm-2 increased the 
mean rectal temperature by 2.3 degrees C and 3.4 degrees C, respectively. The 
noradrenaline content in the hypothalamus was significantly reduced after microwave 
exposure at a power density of 10 mW.cm-2. There were no differences in the dopamine 
(DA) content of any region of the brain between microwave exposed rats and control 
rats. The dihvdroxyphenyl acetic acid (DOPAC) content, the main metabolite of DA, was 
significantly increased in the pons plus medulla oblongata only at a power density of 10 
mW.cm-2. The DA turnover rates, the DOPAC:DA ratio, in the striatum and cerebral
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cortex were significantly increased only at a power density of 10 mW.cm-2. The 
serotonin (5-hydroxytryptamine, 5-HT) content in all regions of the brain of microwave 
exposed rats was not different from that of the control rats. The 5-hydroxyindoleacetic 
acid (5-HIAA) content in the cerebral cortex of microwave exposed rats was significantly 
increased at power densities of 5 and 10 mW.cm-2.

Naziroglu M, Gumral N. Modulator effects of L-carnitine and selenium on wireless 
devices (2.45 GHz)-induced oxidative stress and electroencephalography records in 
brain of rat. Int J Radiat Biol. 85(8):680-689, 2009.
PURPOSE: Electromagnetic radiation (EMR) from wireless devices may affect biological 
systems by increasing free radicals. The present study was designed to determine the 
effects of 2.45 GHz EMR on the brain antioxidant redox system and 
electroencephalography (EEG) records in rat. The possible protective effects of selenium 
and L-carnitine were also tested and compared to untreated controls. MATERIALS AND 
METHODS: Thirty rats were equally divided into five different groups, namely Group 
A(1): Cage control, Group A(2): Sham control, group B: 2.45 GHz EMR, group C: 2.45 GHz 
EMR + selenium, group D: 2.45 GHz EMR + L-carnitine. Groups B, C and D were exposed 
to 2.45 GHz EMR during 60 min/day for 28 days. End of the experiments, EEG records 
and the brain cortex samples were taken. RESULTS: The cortex brain vitamin A (p < 0.05), 
vitamin C (p < 0.01) and vitamin E (p < 0.05) concentrations values were lower in group B 
than in group A1 and A2 although their concentrations were increased by selenium and 
L-carnitine supplementation. Lipid peroxidation, levels were lower in group C (p < 0.05) 
and D (p < 0.01) than in group B where as reduced glutathione levels were higher in 
group C (p < 0.05) than in group A1, A2 and B. However, B-carotene levels did not change 
in the five groups. CONCLUSIONS: L-carnitine and selenium seem to have protective 
effects on the 2.45 GHz-induced decrease of the vitamins by supporting antioxidant 
redox system. L-carnitine on the vitamin concentrations seems to more protective affect 
than in selenium.

De Roos AJ, Teschke K, Savitz DA, Poole C, Grufferman S, Pollock BH, Olshan AF. 
Parental occupational exposures to electromagnetic fields and radiation and the 
incidence of neuroblastoma in offspring. Epidemiology 12(5):508-517, 2001.
We examined parental occupational exposures to electromagnetic fields and radiation 
and the incidence of neuroblastoma in offspring. Cases were 538 children diagnosed with 
neuroblastoma between 1992 and 1994 in the United States or Canada. Age-matched 
controls were selected by random-digit dialing. Occupational exposures to electrical 
equipment and radiation sources were classified by an industrial hygienist, and average 
exposures to extremely low frequency magnetic fields were estimated using a job 
exposure matrix. Maternal exposure to a broad grouping of sources that produce 
radiofrequency radiation was associated with an increased incidence of neuroblastoma 
(odds ratio = 2.8; 95% confidence interval = 0.9-8.7). Paternal exposure to battery- 
powered forklifts was positively associated with neuroblastoma (odds ratio = 1.6; 95% 
confidence interval = 0.8-3.2), as were some types of equipment that emit 
radiofrequency radiation (odds ratios congruent with2.0); however, the broad groupings
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of sources that produce ELF fields, radiofrequency radiation, or ionizing radiation were 
not associated with neuroblastoma. Paternal average extremely low frequency magnetic 
field exposure >0.4 microTesla was weakly associated with neuroblastoma (odds ratio = 
1.6; 95% confidence interval = 0.9-2.8), whereas maternal exposure was not. Overall, 
there was scant supportive evidence of strong associations between parental exposures 
in electromagnetic spectrum and neuroblastoma in offspring.

Effects on Eyes

Liu X, Shen H, Shi Y, Chen J, Chen Y, Ji A. The microarray study on the stress gene 
transcription profile in human retina pigment epithelial cells exposed to microwave 
radiation. Zhonghua Yu Fang Yi Xue Za Zhi 36(5):291-294, 2002.
OBJECTIVE: To study the difference in stress and apoptosis related genes transcription 
between hTERT-RPE1 cells exposed to simulated microwave radiation and the cells with 
heat water bath, and the effects of microwave on gene transcription in cultured human 
retina pigment epithelial cells. METHODS: cDNA microarray technique was used to detect 
the mRNA isolated from hTERT-RPE1 cells exposed to 2 450 MHz simulated microwave 
radiation and with heat water bath, respectively. RESULTS: Among the 97 related aim 
genes, there were seven genes up-regulating its transcription, i.e., M31166 (2.52fold), 
L24123 (2.66fold), AF039704 (2.22fold), U67156 (2.07fold), AF040958 (2.13fold), NM- 
001423 (2.63fold) and NM-005346 (3.68fold). But, no notably down-regulating gene in 
transcription was detected. CONCLUSIONS: Microwave could induce up-regulating in 
multiple stress and apoptosis related genes transcription in cultured human retina 
pigment epithelial cells, hTERT-RPE1 cells. Microwave radiation has unique effect itself in 
addition to its heat effect.

Akar A, Karayigit MO, Bolat D, Gultiken ME, Yarim M, Castellani G. Effects of low level 
electromagnetic field exposure at 2.45 GHz on rat cornea. Int J Radiat Biol. 2012 Dec 3. 
[Epub ahead of print]
Abstract Purpose: To investigate the effects of low level Electromagnetic Field (low level- 
EMF) exposure, as frequently encountered in daily life, on the yesmal rat cornea using 
histological and stereological method. Methods: Twenty-two adult male Wistar rats were 
randomly divided into two groups: study group (n=11) and control group (n=11). Rats in 
the study group were exposed to 2.45 GHz Microwave (MW) radiation (11.96±0.89V/m), 
0.25 W/kg specific absorption rate (SAR) for 2 hours each day for 21 days. The corneal 
thickness and the anterior epithelium corneal thickness were measured using two 
different methods. Results: Using the histological method, the mean corneal thicknesses 
in the control and study group were 278.9±54.5 |am, and 272.4±85.6 |am, respectively. 
There was no statistically significant difference between the groups (p>0.05). The 
anterior corneal epithelium thickness was 28.1±4.9 |am in the control group and 31.7±5.5 
|am in the study group. There were statistically differences between the groups with 
regard to the thickness of anterior epithelium (p<0.05). In the measurement made by the 
stereological method, the percentage of the cornea occupied by anterior corneal
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epithelium was 15.94% in the control group and 17.9% in the study group. Despite the 
fact that there was a relation between increased anterior epithelial area (AEA) and 
radiation exposure, no statistically significant relationship in area fraction of each 
compartment was found between the control and study groups. Conclusions: Results of 
this preliminary study show that exposure to MW radiation might cause alterations in the 
rat cornea.

Tok L, Naziroglu M, Dogan S, Kahya MC, Tok O. Effects of melatonin on Wi-Fi-induced 
oxidative stress in lens of rats. Indian J Ophthalmol. 62(1):12-15, 2014. doi: 
10.4103/0301-4738.126166.
Introduction: Melatonin has been considered a potent antioxidant that detoxifies a 
variety of reactive oxygen species in many pathophysiological states of eye. The present 
study was designed to determine the effects of Wi-Fi exposure on the lens oxidant, 
antioxidant redox systems, as well as the possible protective effects of melatonin on the 
lens injury induced by electromagnetic radiation (EMR). Materials and Methods: Thirty- 
two rats were used in the current study and they were randomly divided into four equal 
groups as follows: First and second groups were cage-control and sham-control rats. Rats 
in third group were exposed to Wi-Fi (2.45 GHz) for duration of 60 min/day for 30 days. 
As in the third group, the fourth group was treated with melatonin. The one-hour 
exposure to irradiation in second, third and fourth took place at noon each day. Results: 
Lipid peroxidation levels in the lens were slightly higher in third (Wi-Fi) group than in 
cage and sham control groups although their concentrations were significantly (P < 0.05) 
decreased by melatonin supplementation. Glutathione peroxidase (GSH-Px) activity was 
significantly (P < 0.05) lower in Wi-Fi group than in cage and sham control groups 
although GSH-Px (P < 0.01) and reduced glutathione (P < 0.05) values were significantly 
higher in Wi-Fi + melatonin group than in Wi-Fi group. Conclusions: There are poor 
oxidative toxic effects of one hour of Wi-Fi exposure on the lens in the animals. However, 
melatonin supplementation in the lens seems to have protective effects on the oxidant 
system by modulation of GSH-Px activity.

Pologea-Moraru R, Kovacs E, Iliescu KR, Calota V, Sajin G. The effects of low level 
microwaves on the fluidity of photoreceptor cell membrane. Bioelectrochemistry 56(1- 
2):223-225, 2002.
Due to the extensive use of electromagnetic fields in everyday life, more information is 
required for the detection of mechanisms of interaction and the possible side effects of 
electromagnetic radiation on the structure and function of the organism.In this paper, 
we study the effects of low-power microwaves (2.45 GHz) on the membrane fluidity of 
rod photoreceptor cells. The retina is expected to be very sensitive to microwave 
irradiation due to the polar character of the photoreceptor cells [Biochim. Biophys. Acta 
1273 (1995) 2171 as well as to its high water content [Stud. Biophys. 81 (1981) 391.

Yang R, Chen J, Deng Z, Liu X, [Effect of vitamin E on morphological variation of retinal 
ganglion cells after microwave radiation]. Wei Sheng Yan Jiu 30(1):31-33, 2001. [Article 
in Chinese1
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To determine the morphological variation in the primary cultured pig retinal ganglion 
cells induced by microwave and the protection of VE can supply some experiment 
foundation for study of effect of microwave and its protection. Retinal ganglion cells of 
pig were cultured in vitro and added VE of different concentration, Each group was taken 
after 30 mW/cm2 microwave intensity radiated for 1 h in shielded room by 2450 MHz 
continuous wave physiotherapy machine. Immediately after radiation, the morphological 
variation of cells was observed by optics microscope and transmission electronic 
microscope. The result showed that a portion of cells congregated, with their axon 
disappeared after radiation. Mitochondria and endoplasmic reticulum are detected 
swelling by transmission electronic microscope. The results showed that A poptosis cells 
can be observed. Cells of VE added groups had not obvious changes with optics 
microscope, but could be found that mitochondria swelling lightly and integrate 
mitochondria cristae by transmission electronic microscope. The results showed that 
microwave induced the morphological damage in primary cultured retinal ganglion cells, 
VE could reduced the damage of retina ganglion cells by microwave in some extent.

Behrens T, Lynge E, Cree I, Sabroe S, Lutz JM, Afonso N, Eriksson M, Guenel P, Merletti 
F, Morales-Suarez-Varela M, Stengrevics A, Fevotte J, Llopis-Gonzalez A, Gorini G, 
Sharkova G, Hardell L, Ahrens W. Occupational exposure to electromagnetic fields and 
sex-differential risk of uveal melanoma. Occup Environ Med.67(11):751-759, 2010
Objectives The association between occupational exposure to electromagnetic fields 
(EMF) and the risk of uveal melanoma was investigated in a case-control study in nine 
European countries. Methods Incident cases of uveal melanoma and population as well 
as hospital controls were included and frequency matched by country, 5-year birth 
cohort and sex. Subjects were asked whether they had worked close to high-voltage 
electrical transmission installations, computer screens and various electrical machines, or 
in complex electrical environments. Measurements of two Scandinavian job-exposure 
matrices were applied to estimate lifelong cumulative EMF exposure. Unconditional 
logistic regression analyses, stratified by sex and eye colour were calculated, adjusting for 
several potential confounders. Results 293 patients with uveal melanoma and 3198 
control subjects were interviewed. Women exposed to electrical transmission 
installations showed elevated risks (OR 5.81, 95% CI 1.72 to 19.66). Positive associations 
with exposure to control rooms were seen among men and women, but most risk 
increases were restricted to subjects with dark iris colour. Application of published EMF 
measurements revealed stronger risk increases among women compared to men. Again, 
elevated risks were restricted to subjects with dark eye colour. Conclusion Although 
based on a low prevalence of exposure to potential occupational sources of EMF, our 
data indicate that exposed dark-eyed women may be at particular risk for uveal 
melanoma.

Yao K, Wang KJ, Sun ZH, Tan J, Xu W, Zhu LJ, Lu de Q. Low power microwave radiation 
inhibits the proliferation of rabbit lens epithelial cells by upregulating P27Kip1 
expression. Mol Vis. 10:138-143, 2004.
PURPOSE: The goal of this study was to examine the effects of low power microwave
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radiation (<10 mW/cm2) on the proliferation of cultured rabbit lens epithelial cells 
(RLEC). METHODS: Cultured RLEC were exposed to continuous microwave radiation at a 
frequency of 2,450 MHz and power densities of 0.10, 0.25, 0.50, 1.00, and 2.00 mW/cm2 
for 8 h. Cell morphologic changes were observed under a phase-contrast microscope. Cell 
viability was measured using the MTT assay and cell cycle analysis was measured using 
flow cytometry. After exposure to 2.00 mW/cm2 microwave radiation for 4, 6, and 8 h, 
the expression of cell cycle-regulatory proteins, P21WAF1 and P27Kip1, was examined 
using western blot analysis. Finally, the levels of P21WAF1 and P27Kip1 mRNA were 
analyzed by reverse transcription-polymerase chain reaction (RT-PCR). RESULTS: After 8 h 
of radiation treatment, cells treated with 0.50, 1.00, and 2.00 mW/cm2 microwave 
radiation exhibited decreased cell viability, increased cell condensation and an inhibition 
of DNA synthesis. RLEC showed significant G0/G1 arrest. No obvious changes could be 
detected in the 0.10 and 0.25 mW/cm2 microwave treatment groups. Protein expression 
of P27Kip1 was markedly increased after microwave radiation. However, the mRNA 
levels were unchanged. On the other hand, there were no detectable differences in 
P21WAF1 protein expression and mRNA levels between microwave treatment and 
control groups. CONCLUSIONS: This study suggests that low power microwave radiation 
higher than 0.50 mW/cm2 can inhibit lens epithelial cell proliferation, and increase the 
expression of P27Kip1. These effects may account for the decline of lens epithelial 
proliferation after exposure to microwave radiation.

Kues HA, Monahan JC, D'Anna SA, McLeod DS, Lutty GA, Koslov S, Increased sensitivity 
of the non-human primate eye to microwave radiation following ophthalmic drug 
pretreatment. Bioelectromagnetics 13(5):379-393, 1992.
Previous studies in our laboratory have established that pulsed microwaves at 2.45 GHz 
and 10 mW/cm2 are associated with production of corneal endothelial lesions and with 
disruption of the blood-aqueous barrier in the non-human primate eye. In the study 
reported here we examined ocular damage in monkeys (M. mulatta and M. fascicularis) 
following topical treatment with one of two ophthalmic drugs (timolol maleate and 
pilocarpine) that preceded exposure to pulsed microwaves. Anesthetized monkeys were 
sham exposed or exposed to_pulsed, 2.45 GHz microwaves (10 microseconds, 100 pps) at 
average power densities of 0.2, 1, 5, 10, or 15 mW/cm2 4 h a day for 3 consecutive days 
(respective SARs were 0.052, 0.26, 1.3, 2.6, and 3.9 W/kg). Immediately before 
microwave exposure, one or both eyes were treated topically with one drop of 0.5% 
timolol maleate or of 2% pilocarpine. Following administration of a drug, we observed a 
significant reduction in the power-density threshold (from 10 to 1 mW/cm2) for 
induction of corneal endothelial lesions and for increased vascular permeability of the 
iris. Diagnostic procedures (in vivo specular microscopy and fluorescein iris angiography) 
were performed following each exposure protocol. In addition, increased vascular 
permeability was confirmed with horseradish peroxidase tracer techniques. Although we 
did not measure intraocular temperatures in experimental animals, the results suggest 
that a mechanism other than significant heating of the eye is involved. Our data indicate 
that pulsed microwaves at an average SAR of 0.26 W/kg, if administered after 
pretreatment with ophthalmic drugs, can produce significant ocular effects in the
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anesthetized primate.

Kojima M, Hata I, Wake K, Watanabe S, Yamanaka Y, Kamimura Y, Taki M, Sasaki K. 
Influence of anesthesia on ocular effects and temperature in rabbit eyes exposed to 
microwaves. Bioelectromagnetics 25(3):228-233, 2004.
To investigate the effect of systemic anesthesia on ocular effects and temperature in 
rabbit eyes exposed to microwaves, one eye each of 43 male pigmented rabbits (Dutch, 
1.8-2.2 kg) was exposed at 2.45 GHz for 60-20 min (300 mW/cm2; 108 W/kg), either 
under anesthesia (ketamine hydrochloride (5 mg/kg) + xylazine (0.23 mg/kg)) or without 
anesthesia. Changes in the anterior segment were evaluated by image analysis utilizing a 
Scheimpflug camera, specular microscopy, and a laser flare cell meter. Temperatures 
within the eye were measured during microwave exposure by a Fluoroptic thermometer. 
The exposed eyes showed miosis, conjunctival congestion, corneal edema, and an 
increase in the light scattering of the anterior shallow cortex in the pupillary area of the 
lens. The group under systemic anesthesia showed much stronger symptoms than those 
treated without anesthesia. All of the anterior ocular changes disappeared within a week. 
The highest temperature during exposure was in the vitreous, followed by the anterior 
chamber, and the retrobulbar cavity of the orbit. The ocular temperatures of the rabbits 
under systemic anesthesia were 2-9 degrees C higher than those without anesthesia. 
Body temperature showed an increase of 1 degrees C during the exposure. Acute high 
intensity microwave exposure temporarily induced anterior segments inflammation and 
lens changes. The more pronounced ocular effects in the anesthetized rabbits were 
associated with the significantly higher ocular temperatures in the anesthetized animals. 
The influence of systemic anesthesia on ocular changes should be considered.

Yu Y, Yao K. Non-thermal cellular effects of lowpower microwave radiation on the lens 
and lens epithelial cells. J Int Med Res. 38(3):729-736, 2010.
Because of the increased use of modern radiofrequency devices, public concern about 
the possible health effects of exposure to microwave radiation has arisen in many 
countries. It is well established that high-power microwave radiation can induce 
cataracts via its thermal effects. It remains unclear whether low-power microwave 
radiation, especially at levels below the current exposure limits, is cataractogenic. This 
review summarizes studies on the biological effects of low-power microwave radiation 
on lens and lens epithelial cells (LECs). It has been reported that exposure affects lens 
transparency, alters cell proliferation and apoptosis, inhibits gap junctional intercellular 
communication, and induces genetic instability and stress responses in LECs. These 
results raise the question of whether the ambient microwave environment can induce 
non-thermal effects in the lens and whether such effects have potential health 
consequences. Further in vivo studies on the effects on the lens of exposure to low- 
power microwave radiation are needed.

Balci M, Namuslu M, Devrim E, Durak I. Effects of computer monitor-emitted radiation 
on oxidant/antioxidant balance in cornea and lens from rats. Mol Vis. 15:2521-2525, 
2009.
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PURPOSE: This study aims to investigate the possible effects of computer monitor- 
emitted radiation on the oxidant/antioxidant balance in corneal and lens tissues and to 
observe any protective effects of vitamin C (vit C). METHODS: Four groups (PC monitor, 
PC monitor plus vitamin C, vitamin C, and control) each consisting of ten Wistar rats were 
studied. The study lasted for three weeks. Vitamin C was administered in oral doses of 
250 mg/kg/day. The computer and computer plus vitamin C groups were exposed to 
computer monitors while the other groups were not. Malondialdehyde (MDA) levels and 
superoxide dismutase (SOD), glutathione peroxidase (GSH-Px), and catalase (CAT) 
activities were measured in corneal and lens tissues of the rats. RESULTS: In corneal 
tissue, MDA levels and CAT activity were found to increase in the computer group 
compared with the control group. In the computer plus vitamin C group, MDA level, SOD, 
and GSH-Px activities were higher and CAT activity lower than those in the computer and 
control groups. Regarding lens tissue, in the computer group, MDA levels and GSH-Px 
activity were found to increase, as compared to the control and computer plus vitamin C 
groups, and SOD activity was higher than that of the control group. In the computer plus 
vitamin C group, SOD activity was found to be higher and CAT activity to be lower than 
those in the control group. CONCLUSION: The results of this study suggest that 
computer-monitor radiation leads to oxidative stress in the corneal and lens tissues, and 
that vitamin C may prevent oxidative effects in the lens.

Lu L, Xu H, Wang X, Guo G.Increased nitric oxide synthase activity is essential for 
electromagnetic-pulse-induced blood-retinal barrier breakdown in vivo.Brain Res. 
1264:104-10, 2009.
PURPOSE: To examine whether electromagnetic pulses (EMPs) affected the permeability 
of the blood-retinal barrier (BRB), gene expression of occludin and activity of nitric oxide 
synthase (NOS).METHODS: Sprague-Dawley (SD) rats were used and randomized into 
EMP and control groups. Retinas were removed immediately, and 2 h or 24 h after EMP 
radiation. BRB permeability was analyzed by transmission electron microscopy and Evans 
Blue staining. Retinal NOS activity and concentrations of nitrite and nitrate were 
measured. Occludin mRNA and protein levels were detected by RT-PCR and Western 
blotting.RESULTS: Exposure of SD rats to EMP resulted in increased BRB permeability, 
with the greatest decrease in occludin at 24 h. Moreover, this permeability defect was 
also correlated with significant increases in the formation of NO and induction of NOS 
activity in SD rats. Furthermore, we found that treatment with NOS inhibitor N-nitro-L- 
arginine methyl ester (L-NAME) blocked BRB breakdown and prevented the increase in 
NO formation and induction of NOS activity, as well as the decrease in occluding 
expression.CONCLUSION: Taken together, these results support the view that NOS- 
dependent NO production is an important factor that contributes to EMP-induced BRB 
dysfunction, and suggests that NOS induction may play an important role in BRB 
breakdown.

Wang KJ, Yao K, Lu DQ. [Effects of different dose microwave radiation on protein 
components of cultured rabbit lens] Zhonghua Lao Dong Wei Sheng Zhi Ye Bing Za Zhi. 
25(4):208-210, 2007.[Article in Chinese]
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OBJECTIVE: To study the effects of different dose microwave radiation on protein 
components of cultured rabbit lens, and analyze the mechanisms of lens injury caused by 
microwave radiation. METHODS: Cultured rabbit lens were exposed to microwave 
radiation with frequency of 2450 MHz and power density of 0.25, 0.50, 1.00, 2.00, 5.00 
mW/cm(2) for 8 hours in vitro. The transparency of lens was observed. Changes of 
protein concentration were detected after different lens protein components were 
extracted, including water-soluble protein (WSP), urea soluble protein (USP), alkali 
soluble protein (ASP) and sonicated protein (SP). The influence of microwave radiation 
on WSP was analyzed using SDS-PAGE electrophoresis and coomassie-blue staining. 
RESULTS: Transparency of lens decreased after radiation. There was obvious 
opacification of lens cortex after 5.00 mW/cm(2) microwave radiation for 8 hours. After 
1.00, 2.00 and 5.00 mW/cm(2) radiation, the percentage of WSP decreased while USP 
increased obviously. There was no change of ASP. The percentage of SP decreased when 
the power of microwave was 5.00 mW/cm(2). The low molecular weight protein of WSP 
decreased while high molecular weight protein increased after microwave radiation. 
CONCLUSION: Microwave radiation higher than 1.00 mW/cm(2) can affect the 
proportion of WSP and USP in cultured rabbit lens, and cause changes of lens 
transparency and refractive power, which leads to lens opacity.

Effect on Fertility and Reproduction

Atasoy HI, Gunal MY, Atasoy_P, Elgun S, Bugdayci G. Immunohistopathologic 
demonstration of deleterious effects on growing rat testes of radiofrequency waves 
emitted from conventional Wi-Fi devices. J Pediatr Urol. 9(2):223-229, 2013.
OBJECTIVE: To investigate effects on rat testes of radiofrequency radiation emitted from 
indoor Wi-Fi Internet access devices using 802.11.g wireless standards. METHODS: Ten Wistar 
albino male rats were divided into experimental and control groups, with five rats per group. 
Standard wireless gateways communicating at 2.437 GHz were used as radiofrequency wave 
sources. The experimental group was exposed to radiofrequency energy for 24 h a day for 20 
weeks. The rats were sacrificed at the end of the study. Intracardiac blood was sampled for 
serum 8-hydroxy-2'-deoxyguanosine levels. Testes were removed and examined histologically 
and immunohistochemically. Testis tissues were analyzed for malondialdehyde levels and 
prooxidant-antioxidant enzyme activities. RESULTS: We observed significant increases in 
serum 8-hydroxy-2'-deoxyguanosine levels and 8-hydroxyguanosine staining in the testes of 
the experimental group indicating DNA damage due to exposure (p < 0.05). We also found 
decreased levels of catalase and glutathione peroxidase activity in the experimental group, 
which may have been due to radiofrequency effects on enzyme activity (p < 0.05). 
CONCLUSIONS: These findings raise questions about the safety of radiofrequency exposure 
from Wi-Fi Internet access devices for growing organisms of reproductive age, with a potential 
effect on both fertility and the integrity of germ cells.
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Dasdag_S, Tas M, Akdag MZ, Yegin K. Effect of long-term exposure of 2.4 GHz 
radiofrequency radiation emitted from Wi-Fi equipment on testes functions. 
Electromagn Biol Med. 2014 Jan 24. [Epub ahead of print]
The aim of this study was to investigate long-term effects of radiofrequency radiation 
(RFR) emitted from a Wireless Fidelity (Wi-Fi) system on testes. The study was carried out 
on 16 Wistar Albino adult male rats by dividing them into two groups such as sham (n: 8) 
and exposure (n: 8). Rats in the exposure group were exposed to 2.4 GHz RFR radiation 
for 24 h/d during 12 months (1 year). The same procedure was applied to the rats in the 
sham control group except the Wi-Fi system was turned off. Immediately after the last 
exposure, rats were sacrificed and reproductive organs were removed. Motility (%), 
concentration (x106/mL), tail defects (%), head defects (%) and total morphologic defects 
(%) of sperms and weight of testes (g), left epididymis (g), prostate (g), seminal vesicles 
(g) were determined. Seminiferous tubules diameter (um) and tunica albuginea thickness 
(um) were also measured. However, the results were evaluated by using Johnsen's score. 
Head defects increased in the exposure group (p < 0.05) while weight of the epididymis 
and seminal vesicles, seminiferous tubules diameter and tunica albuginea thickness were 
decreased in the exposure group (p < 0.01, p < 0.001, p < 0.0001). However, other 
alterations of other parameters were not found significant (p > 0.05). In conclusion, we 
observed that long-term exposure of 2.4 GHz RF emitted from Wi-Fi (2420 uW/kg, 1 g 
average) affects some of the reproductive parameters of male rats. We suggest Wi-Fi 
users to avoid long-term exposure of RF emissions from Wi-Fi equipment.

Avendano C, Mata A, Sanchez Sarmiento CA, Doncel GF. Use of laptop computers 
connected to internet through Wi-Fi decreases human sperm motility and increases 
sperm DNA fragmentation.Fertil Steril. 97(1):39-45, 2012.
OBJECTIVE: To evaluate the effects of laptop computers connected to local area 
networks wirelessly (Wi-Fi) on human spermatozoa.DESIGN: Prospective in vitro 
study.SETTING: Center for reproductive medicine.PATIENT(S): Semen samples from 29 
healthy donors.INTERVENTION(S): Motile sperm were selected by swim up. Each sperm 
suspension was divided into two aliquots. One sperm aliquot (experimental) from each 
patient was exposed to an internet-connected laptop by Wi-Fi for 4 hours, whereas the 
second aliquot (unexposed) was used as control, incubated under identical conditions 
without being exposed to the laptop.MAIN OUTCOME MEASURE(S): Evaluation of sperm 
motility, viability, and DNA fragmentation.RESULT(S): Donor sperm samples, mostly 
normozoospermic, exposed ex vivo during 4 hours to a wireless internet-connected 
laptop showed a significant decrease in progressive sperm motility and an increase in 
sperm DNA fragmentation. Levels of dead sperm showed no significant differences 
between the two groups.CONCLUSION(S): To our knowledge, this is the first study to 
evaluate the direct impact of laptop use on human spermatozoa. Ex vivo exposure of 
human spermatozoa to a wireless internet-connected laptop decreased motility and 
induced DNA fragmentation by a nonthermal effect. We speculate that keeping a laptop 
connected wirelessly to the internet on the lap near the testes may result in decreased 
male fertility. Further in vitro and in vivo studies are needed to prove this contention.
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Naziroglu M, Yuksel M, Kose SA, Ozkaya MO. Recent reports of Wi-Fi and mobile 
phone-induced radiation on oxidative stress and reproductive signaling pathways in 
females and males. J Membr Biol. 246(12):869-875, 2013.
Environmental exposure to electromagnetic radiation (EMR) has been increasing with the 
increasing demand for communication devices. The aim of the study was to discuss the 
mechanisms and risk factors of EMR changes on reproductive functions and membrane 
oxidative biology in females and males. It was reported that even chronic exposure to 
EMR did not increase the risk of reproductive functions such as increased levels of 
neoantigens abort. However, the results of some studies indicate that EMR induced 
endometriosis and inflammation and decreased the number of follicles in the ovarium or 
uterus of rats. In studies with male rats, exposure caused degeneration in the 
seminiferous tubules, reduction in the number of Leydig cells and testosterone 
production as well as increases in luteinizing hormone levels and apoptotic cells. In some 
cases of male and female infertility, increased levels of oxidative stress and lipid 
peroxidation and decreased values of antioxidants such as melatonin, vitamin E and 
glutathione peroxidase were reported in animals exposed to EMR. In conclusion, the 
results of current studies indicate that oxidative stress from exposure to Wi-Fi and 
mobile phone-induced EMR is a significant mechanism affecting female and male 
reproductive systems. However, there is no evidence to this date to support an increased 
risk of female and male infertility related to EMR exposure.

Saygin M, Caliskan S, Karahan N, Koyu A, Gumral N, Uguz A. Testicular apoptosis and 
histopathological changes induced by a 2.45 GHz electromagnetic field. Toxicol Ind 
Health. 27(5):455-463, 2011.
There is a growing public concern about the potential human health hazard caused by 
exposure to electromagnetic radiation (EMR). The objective of this study is to investigate 
the effects of 2450 mhz electromagnetic field on apoptosis and histopathological 
changes on rat testis tissue. Twelve-week-old male Wistar Albino rats were used in this 
study. Eighteen rats equally divided into three different groups which were named group 
I, II and III. Cage control (group I), sham control (group II) and 2.45 GHz EMR (group III) 
groups were formed. Group III were exposed to 2.45 GHz EMR, at 3.21 W/kg specific 
absorption rate for 60 minutes/ day for 28 days. There was no difference among the 
groups for the diameter of the seminiferous tubules, pyknotic, karyolectic and karyotic 
cells. However, the number of Leydig cells of testis tissue of the rats in group III was 
significantly reduced comparing with the group I (p < 0.05). Estimation of 
spermatogenesis using the Johnsen testicular biopsy score revealed that the difference 
between groups is statistically significant. The level of TNF-a, Caspase-3 and Bcl-2 were 
compared, and no significant difference was found between the groups. When Bax 
apoptosis genes and Caspase-8 apoptosis enzyme were compared, there were significant 
differences between the groups (p < 0.05). Electromagnetic field affects spermatogenesis 
and causes to apoptosis due to the heat and other stress-related events in testis tissue.

Wang H, Peng R, Zhou H, Wang S, Gao Y, Wang L, Yong Z, Zuo H, Zhao L, Dong J, Xu X, 
Su Z. Impairment of long-term potentiation induction is essential for the disruption of
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spatial memory after microwave exposure. Int J Radiat Biol. 2013 Jul 24. [Epub ahead 
of print]
Purpose: To assess the impact of microwave exposure on learning and memory and to 
explore the underlying mechanisms. Materials and methods: 100 Wistar rats were 
exposed to a 2.856 GHz pulsed microwave field at average power densities of 0 mW/cm2, 
5 mW/cm2, 10 mW/cm2 and 50 mW/cm2 for 6 min. The spatial memory was assessed by 
the Morris Water Maze (MWM) task. An in vivo study was conducted soon after 
microwave exposure to evaluate the changes of population spike (PS) amplitudes of long
term potentiation (LTP) in the medial perforant path (MPP)-dentate gyrus (DG) pathway. 
The structure of the hippocampus was observed by the light microscopy and the 
transmission electron microscopy (TEM) at 7 d after microwave exposure. Results: Our 
results showed that the rats exposed in 10 mW/cm2 and 50 mW/cm2 microwave 
displayed significant deficits in spatial learning and memory at 6 h, 1 d and 3 d after 
exposure. Decreased PS amplitudes were also found after 10 mW/cm2 and 50 mW/cm2 
microwave exposure. In addition, varying degrees of degeneration of hippocampal 
neurons, decreased synaptic vesicles and blurred synaptic clefts were observed in the 
rats exposed in 10 mW/cm2 and 50 mW/cm2 microwave. Compared with the sham 
group, the rats exposed in 5 mW/cm2 microwave showed no difference in the above 
experiments. Conclusions: This study suggested that impairment of LTP induction and the 
damages of hippocampal structure, especially changes of synapses, might contribute to 
cognitive impairment after microwave exposure.

Oksay T, Naziroglu M, Dogan S, Guzel A, Gumral N, Kosar PA. Protective effects of 
melatonin against oxidative injury in rat testis induced by wireless (2.45 GHz) devices. 
Andrologia. 2012 Nov 12. doi: 10.1111/and.12044. [Epub ahead of print]
Wireless devices have become part of everyday life and mostly located near reproductive 
organs while they are in use. The present study was designed to determine the possible 
protective effects of melatonin on oxidative stress-dependent testis injury induced by 
2.45-GHz electromagnetic radiation (EMR). Thirty-two rats were equally divided into 
four different groups, namely cage control (A1), sham control (A2), 2.45-GHz EMR (B) and 
2.45-GHz EMR+melatonin (C). Group B and C were exposed to 2.45-GHz EMR during 60 
min day(-1) for 30 days. Lipid peroxidation levels were higher in Group B than in Group 
A1 and A2. Melatonin treatment prevented the increase in the lipid peroxidation induced 
by EMR. Also reduced glutathione (GSH) and glutathione peroxidase (GSH-Px) levels in 
Group D were higher than that of exposure group. Vitamin A and E concentrations 
decreased in exposure group, and melatonin prevented the decrease in vitamin E levels. 
In conclusion, wireless (2.45 GHz) EMR caused oxidative damage in testis by increasing 
the levels of lipid peroxidation and decreasing in vitamin A and E levels. Melatonin 
supplementation prevented oxidative damage induced by EMR and also supported the 
antioxidant redox system in the testis.

Mortazavi S, Parsanezhad M, Kazempour M, Ghahramani P, Mortazavi A, Davari M. 
Male reproductive health under threat: Short term exposure to radiofrequency 
radiations emitted by common mobile jammers. J Hum Reprod Sci. 2013 Apr;6(2):124-
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8. doi: 10.4103/0974-1208.117178.
BACKGROUND: Modern life prompted man to increasingly generate, transmit and use 
electricity that leads to exposure to different levels of electromagnetic fields (EMFs). 
Substantial evidence indicates that exposure to common sources of EMF such as mobile 
phones, laptops or wireless internet-connected laptops decreases human semen quality. 
In some countries, mobile jammers are occasionally used in offices, shrines, conference 
rooms and cinemas to block the signal. AIMS: To the best of our knowledge, this is the 
first study to investigate the effect of short term exposure of human sperm samples to 
radiofrequency (RF) radiations emitted by common mobile jammers. SUBJECTS AND 
METHODS: Fresh semen samples were collected by masturbation from 30 healthy donors 
who had referred to Infertility T reatment Center at the Mother and Child Hospital with 
their wives. Female problem was diagnosed as the reason for infertility in these couples. 
STATISTICAL ANALYSIS: T-test and analysis of variance were used to show statistical 
significance. RESULTS: The motility of sperm samples exposed to jammer RF radiation for 
2 or 4 h were significantly lower than those of sham-exposed samples. These findings 
lead us to the conclusion that mobile jammers may significantly decrease sperm motility 
and the couples' chances of conception. CONCLUSION: Based on these results, it can be 
suggested that in countries that have not banned mobile jammer use, legislations should 
be urgently passed to restrict the use of these signal blocking devices in public or private 
places.

Meena R, Kumari K, Kumar J, Rajamani P, Verma HN, Kesari KK. Therapeutic 
approaches of melatonin in microwave radiations-induced oxidative stress-mediated 
toxicity on male fertility pattern of Wistar rats. Electromagn Biol Med. 2013 May 15. 
[Epub ahead of print]
Abstract Microwave (MW) radiation produced by wireless telecommunications and a 
number of electrical devices used in household or in healthcare institutions may 
adversely affects the reproductive pattern. Present study aimed to investigate the 
protective effects of melatonin (is well known antioxidant that protects DNA, lipids and 
proteins from free radical damage) against oxidative stress-mediated testicular 
impairment due to long-term exposure of MWs. For this, 70-day-old male Wistar rats 
were divided into four groups (n = 6/group): Sham exposed, Melatonin (Mel) treated 
(2 mg/kg), 2.45 GHz MWs exposed and MWs + Mel treated. Exposure took place in 
Plexiglas cages for 2h a day for 45 days where, power density (0.21 mW/cm2) and 
specific absorption rate (SAR 0.14 W/Kg) were estimated. After the completion of 
exposure period, rats were sacrificed and various stress related parameters, that is LDH-X 
(lactate dehydrogenase isoenzyme) activity, xanthine oxidase (XO), ROS (reactive oxygen 
species), protein carbonyl content, DNA damage and MDA (malondialdehyde) were 
performed. Result shows that melatonin prevent oxidative damage biochemically by 
significant increase (p < 0.001) in the levels of testicular LDH-X, decreased (p < 0.001) 
levels of MDA and ROS in testis (p < 0.01). Meanwhile, it reversed the effects of MWs on 
XO, protein carbonyl content, sperm count, testosterone level and DNA fragmentation in 
testicular cells. These results concluded that the melatonin has strong antioxidative 
potential against MW induced oxidative stress mediated DNA damage in testicular cells.
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Effects on Pregnancy

Col-Araz N. Evaluation of factors affecting birth weight and preterm birth in southern 
Turkey. J Pak Med Assoc. 2013 Apr;63(4):459-62.
OBJECTIVE: To identify factors affecting birth weight and pre-term birth, and to find 
associations with electromagnetic devices such as television, computer and mobile phones. 
METHODS: The study was conducted in Turkey at Gazintep University, Faculty of Medicine's 
Outpatient Clinic at the Paediatric Ward. It comprised 500 patients who presented at the clinic 
from May to December 2009. All participants were administered a questionnaire regarding 
their pregnancy history. SPSS 13 was used for statistical analysis. RESULTS: In the study, 90 
(19%) patients had pre-term birth, and 64 (12.9%) had low birth weight rate Birth weight was 
positively correlated with maternal age and baseline maternal weight (r = 0.115, p < 0.010; r = 
0.168, p < 0.000, respectively). Pre-term birth and birth weight less than 2500g were more 
common in mothers with a history of disease during pregnancy (p < 0.046 and p < 0.008, 
respectively). The habit of watching television and using mobile phones and computer by 
mothers did not demonstrate any relationship with birth weight. Mothers who used mobile 
phones or computers during pregnancy had more deliveries before 37 weeks (p < 0.018, p < 
0.034; respectively). Similarly, pregnancy duration was shorter in mothers who used either 
mobile phone or computers during pregnancy (p < 0.005, p < 0.048, respectively). 
CONCLUSION: Mobile phones and computers may have an effect on pre-term birth.

Cabot E, Christ A, Buhlmann B, Zefferer M, Chavannes N, Bakker JF, van Rhoon GC, 
Kuster N. Quantification Of RF-exposure of the Fetus Using Anatomical CAD-Models in 
Three Different Gestational Stages. Health Phys. 107(5):369-381, 2014.
This study analyzes the exposure of pregnant women and their fetuses in three different 
gestational stages to electromagnetic radiation in the radio frequency range in the near- 
and the far-field using numerical modeling. For far-field exposure, the power density at 
which the basic restriction for the whole body SAR is reached is calculated for both the 
mother and the fetus at whole body resonance and at frequencies between 450 MHz and 
2,450 MHz. The near-field exposure is assessed at 450 MHz, 900 MHz, and 2,450 MHz 
using half wavelength dipoles as generic sources located at different locations around the 
abdomen of the mother. For the investigated cases, the exposure of the mother is always 
below or on the order of magnitude of the basic restriction for exposure at the reference 
level. When applying the reference levels for the general public, the fetus is sufficiently 
shielded by the mother. However, the basic restrictions for general public exposure can 
be exceeded in the fetus when the mother is exposed at reference levels for 
occupational conditions. For plane wave exposure at occupational levels, the whole body 
SAR in the fetus can exceed the basic restrictions for the general population by at least 
1.8 dB, and in the near-field of professional devices, the 10 g SAR can be non-compliant 
with the product standard for the general public by > 3.5 dB.

Bellieni CV, Pinto I, Bogi A, Zoppetti N, Andreuccetti D, Buonocore G. Exposure to 
electromagnetic fields from laptop use of "laptop" computers.Arch Environ Occup
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Health. 67(1):31-36, 2012.
Portable computers are often used at tight contact with the body and therefore are 
called "laptop." The authors measured electromagnetic fields (EMFs) laptop computers 
produce and estimated the induced currents in the body, to assess the safety of laptop 
computers. The authors evaluated 5 commonly used laptop of different brands. They 
measured EMF exposure produced and, using validated computerized models, the 
authors exploited the data of one of the laptop computers (LTCs) to estimate the 
magnetic flux exposure of the user and of the fetus in the womb, when the laptop is used 
at close contact with the woman's womb. In the LTCs analyzed, EMF values (range 1.8-6 
|aT) are within International Commission on Non-Ionizing Radiation (NIR) Protection 
(ICNIRP) guidelines, but are considerably higher than the values recommended by 2 
recent guidelines for computer monitors magnetic field emissions, MPR II (Swedish Board 
for Technical Accreditation) and TCO (Swedish Confederation of Professional Employees), 
and those considered risky for tumor development. When close to the body, the laptop 
induces currents that are within 34.2% to 49.8% ICNIRP recommendations, but not 
negligible, to the adult's body and to the fetus (in pregnant women). On the contrary, the 
power supply induces strong intracorporal electric current densities in the fetus and in 
the adult subject, which are respectively 182-263% and 71-483% higher than ICNIRP 98 
basic restriction recommended to prevent adverse health effects. Laptop is paradoxically 
an improper site for the use of a LTC, which consequently should be renamed to not 
induce customers towards an improper use.

£elik O, Kahya MC, Naziroglu M. Oxidative stress of brain and liver is increased by Wi-Fi 
(2.45GHz) exposure of rats during pregnancy and the development of newborns.J Chem 
Neuroanat. 2015 Oct 28. pii: S0891-0618(15)00074-5. doi: 
10.1016/j.jchemneu.2015.10.005. [Epub ahead of print]
An excessive production of reactive oxygen substances (ROS) and reduced antioxidant 
defence systems resulting from electromagnetic radiation (EMR) exposure may lead to 
oxidative brain and liver damage and degradation of membranes during pregnancy and 
development of rat pups. We aimed to investigate the effects of Wi-Fi-induced EMR on 
the brain and liver antioxidant redox systems in the rat during pregnancy and 
development. Sixteen pregnant rats and their 48 newborns were equally divided into 
control and EMR groups. The EMR groups were exposed to 2.45GHz EMR (1hour/day for 
5 days/week) from pregnancy to 3 weeks of age. Brain cortex and liver samples were 
taken from the newborns between the first and third weeks. In the EMR groups, lipid 
peroxidation levels in the brain and liver were increased following EMR exposure; 
however, the glutathione peroxidase (GSH-Px) activity, and vitamin A, vitamin E and - 
carotene concentrations were decreased in the brain and liver. Glutathione (GSH) and 
vitamin C concentrations in the brain were also lower in the EMR groups than in the 
controls; however, their concentrations did not change in the liver. In conclusion, Wi-Fi- 
induced oxidative stress in the brain and liver of developing rats was the result of 
reduced GSH-Px, GSH and antioxidant vitamin concentrations. Moreover, the brain 
seemed to be more sensitive to oxidative injury compared to the liver in the 
development of newborns.
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Yoshida Y, Seto T, Ohsu W, Hayashi S, Okazawa T, Nagase H, Yoshida M, Nakamura H, 
[Endocrine mechanism of placental circulatory disturbances induced by microwave in 
pregnant rats]. Nippon Sanka Fujinka Gakkai Zasshi 47(2):101-108, 1995. [Article in 
Japanese]
Effects of microwaves on fetus and female genital organs remain to be elucidated. To 
demonstrate the placental circulatory disturbances induced by microwaves and to clarify 
the endocrine pathogenesis, placental blood flow and five endocrine indicators, i.e., 
corticosterone (CS), estradiol (E2), progesterone (P), prostaglandin E2 (PGE2) and 
prostaglandin F2 alpha (PGF2 alpha) were measured in rats exposed to whole-body 
microwaves with an intensity of 10 mW/cm2 at a frequency of 2,450 MHz. The placental 
blood flow at 45-90 min after exposure was significantly decreased in the rats exposed to 
the microwaves. Placental blood flow at 15 and 30 min was increased by pretreatment 
with intraperitoneal administration of angiotensin II (AII). In contrast, no significant 
change in placental blood flow was recognized in the AII pretreated rats exposed to the 
microwaves. An increase in CS and a decrease in E2 were induced by the microwave 
exposure independent of pretreatment with AII. P was increased by microwave exposure 
in the rats without pretreatment with AII. PGE2 was not changed by the microwave 
exposure in the case of either nonpretreatment or pretreatment with AII. PGF2 alpha 
was increased by the microwave exposure in the rats without pretreatment with AII. The 
present results indicate that excessive exposure to whole-body microwave disorders 
pregnancy in terms of placental circulatory dysfunction. The data suggest the 
involvement of endocrine mechanisms in the decrease in placental blood flow which is 
induced via a detrimental effect of microwaves on PGF2 alpha and on pituitary functions 
such as general emotional stress.

Cobb BL, Jauchem JR, Mason PA, Dooley MP, Miller SA, Ziriax JM, Murphy MR, Neural and 
behavioral teratological evaluation of rats exposed to ultra-wideband electromagnetic 
fields. Bioelectromagnetics 21(7):524-537, 2000.
Several investigators have reported teratologic effects of electromagnetic field 
exposure. The majority of these studies have been performed at levels of exposure that 
could produce substantial heating of the animals. New and unique sources of ultra- 
wideband (UWB) electromagnetic fields are currently being developed and tested that 
are capable of generating nonthermalizing, high-peak-power, microwave(MW) pulses 
with nanosecond (ns) pulse widths, picosecond (ps) rise times, and an UWB of 
frequencies. Our study was performed to determine if teratological changes occur in rat 
pups as a result of (i) daily UWB exposures during gestation days 3-18, or (ii) as a result of 
both prenatal and postnatal (10 days) exposures. Dams were exposed either to (i) UWB 
irradiation from a Kentech system that emitted a 55 kV/m-peak E field, 300 ps rise time, 
and a 1.8 ns pulse width, average whole-body specific absorption rate 45 mW/kg; (ii) 
sham irradiation; or (iii) a positive control, lead (Pb) acetate solution (2000 mug/ml) 
continuously available in the drinking water. Offspring were examined for ontogeny 
(litter size, sex-ratios, weights, coat appearance, tooth-eruption, eye-opening, air- 
righting, and ultrasonic stress vocalizations). Male pups were tested on various
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performance measures (locomotor, water-maze learning, and fertilization capabilities). 
The pups postnatally exposed were examined for hippocampal morphology and operant 
behavior. Behavioral, functional, and morphological effects of UWB exposure were 
unremarkable with these exceptions: (i) The UWB-exposed pups emitted significantly 
more stress vocalizations than the sham-exposed pups; (ii) the medial-to-lateral length of 
the hippocampus was significantly longer in the UWB-exposed pups than in the sham- 
exposed animals; (iii) male offspring exposed in utero to UWB mated significantly less 
frequently than sham-exposed males, but when they did mate there was no difference in 
fertilization and offspring numbers from the sham group. There does not appear to be a 
unifying physiological or behavioral relationship among the significant differences 
observed, and our findings could be due to the expected spurious results derived when a 
large number of statistical comparisons are made. Significant effects found between our 
positive-controls and other groups on numerous measures indicates that the techniques 
used were sensitive enough to detect teratological effects.

Cancer

Richter E, Berman T, Ben-Michael E, Laster R, Westin JB, Cancer in Radar Technicians 
Exposed to Radiofrequency/Microwave Radiation: Sentinel Episodes. Int J Occup 
Environ Health 6(3):187-193, 2000.
Controversy exists concerning the health risks from exposures to 
radiofrequency/microwave irradiation (RF/MW). The authors report exposure-effect 
relationships in sentinel patients and their co-workers, who were technicians with high 
levels of exposure to RF/MW radiation. Information about exposures of patients with 
sentinel tumors was obtained from interviews, medical records, and technical sources. 
One patient was a member of a cohort of 25 workers with six tumors. The authors 
estimated relative risks for cancer in this group and latency periods for a larger group of 
self-reported individuals. Index patients with melanoma of the eye, testicular cancer, 
nasopharyngioma, non-Hodgkin's lymphoma, and breast cancer were in the 20-37-year 
age group. Information about work conditions suggested prolonged exposures to high 
levels of RF/MW radiation that produced risks for the entire body. Clusters involved 
many different types of tumors. Latency periods were extremely brief in index patients 
and a larger self-reported group. The findings suggest that young persons exposed to 
high levels of RF/MW radiation for long periods in settings where preventive measures 
were lax were at increased risk for cancer. Very short latency periods suggest high risks 
from high-level exposures. Calculations derived from a linear model of dose-response 
suggest the need to prevent exposures in the range of 10-100 muw/cm(2).

Paulraj R, Behari J. The effect of low level continuous 2.45 GHz waves on enzymes of 
developing rat brain. Electromag Biol Med 21:221-231, 2002.
The present work describes the effect of low level continuous microwaves (2.45 GHz) on 
developing rat brain. Some 35-day-old Wistar rats were used for this study. The animals 
were exposed 2 hr/day for 35 days at a power density of 0.34 mW/cm2 [specific
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absorption rate (SAR), 0.1 W/kg] in a specially made anechoic chamber. After the 
exposure, the rats were sacrificed and the brain tissue was dissected out and used for 
various biochemical assays. A significant increase in calcium ion efflux and ornithine 
decarboxylase (ODC) activity was observed in the exposed group as compared to the 
control. Correspondingly, a significant decrease in the calcium-dependent protein kinase 
activity was observed. These results indicate that this type of radiation affects the 
membrane bound enzymes, which are associated with cell proliferation and 
differentiation, thereby pointing out its possible role as a tumor promoter.

Lourencini da Silva R , Albano F, Lopes dos Santos LR , Tavares AD, Felzenszwalb I, The 
effect of electromagnetic field exposure on the formation of DNA lesions. Redox Rep 
5(5):299-301, 2000.
In an attempt to determine whether electromagnetic field (EMF) exposure might lead to 
DNA damage, we exposed SnCl2-treated pBR322 plasmids to EMF and analysed the 
resulting conformational changes using agarose gel electrophoresis. An EMF-dependent 
potentiation of DNA scission (i.e. the appearance of relaxed plasmids) was observed. In 
confirmation of this, plasmids pre-exposed to EMF also were less capable of transforming 
Escherichia coli. The results indicate that EMF, in the presence of a transition metal, is 
capable of causing DNA damage. These observations support the idea that EMF, probably 
through secondary generation of reactive oxygen species, can be clastogenic and provide 
a possible explanation for the observed correlation between EMF exposure and the 
frequency of certain types of cancers in humans.

Singh N, Rudra N, Bansal P, Mathur R, Behari J, Nayar U, Poly ADP ribosylation as a possible 
mechanism of microwave--biointeraction. Indian J Physiol Pharmacol 38(3):181-184, 1994.
Electromagnetic fields (EMFs) affect the metabolism of the body including the nervous, 
endocrine, cardiovascular, hematological as well as the reproductive system. EMFs are 
environmental pollutants, thus posing a health hazard which can cause steric changes in 
the molecule located at the cell surface. Microwaves are known to cause chromosomal 
abberations and act as tumor promoters. The process involves a stream of signals from 
cell membrane to nucleus and other organelles. The present investigations aim to 
understand the mechanism of biological effects of microwaves (2.45 GHz). The effect 
was studied on poly ADP-ribosylation, which is a post translational modification of 
chromatin protein catalysed by the enzyme poly ADPR polymerase using NAD+ as the 
substrate. Poly ADP-ribosylation has been shown to be involved in several aspects of 
chromatin structure and function. Twenty-three days old rats weighing 42-48 gms were 
exposed at a microwave dose level of 1.0 mW/cm2. After exposure for sixty days the 
animals were sacrificed and an estimation of poly ADPR polymerase activity was 
undertaken in different organs of these animals. There was an increase of 20% in its 
activity in liver, 35% in testis, whereas brain showed a 53% decrease in diencephalon and 
20% decrease in the cortex in the exposed animals as compared to their respective 
controls. There was no change in enzyme activity in spleen and kidney. This was 
accompanied by concomitant changes in NAD+ levels. The above results may be cited as 
important events in carcinogenesis and tumor promotion related to microwave exposure
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and the signal transduction mechanism involved. The goal is to shed light on complex 
ecogenetic interactions leading to cancer modulation of gene expression by epigenetic 
mechanism.

Balcer-Kubiczek EK, Harrison GH. Neoplastic transformation of C3H/10T1/2 cells 
following exposure to 120-Hz modulated 2.45-GHz microwaves and phorbol ester 
tumor promoter. Radiat Res 126(1):65-72, 1991.
Some recent epidemiological studies have shown a positive association between cancer 
incidence and exposure to electromagnetic (EM) fields. Evidence from in vitro studies 
indicates that this effect could be due to synergistic interaction between EM fields and 
tumor promoters. However, no dose-response data related directly to carcinogenesis 
have been published. In this study, actively growing cultures of C3H/10T1/2 cells were 
exposed for 24 h to 2.45-GHz microwaves pulse-modulated at 120 Hz. Conditions of EM- 
field exposure were designed to simulate low-field exposures (specific absorption rate 
0.1, 1, or 4.4 W/kg; the corresponding peak amplitudes were electric field 18, 56, or 120 
V/m, magnetic field 0.09, 0.27, or 0.56 muT, respectively). In separate experiments, a 24- 
h EM-field exposure at 4.4 W/kg was preceded or followed by X irradiation at 0.5, 1, or
1.5 Gy. Cells were assayed for cell survival and neoplastic transformation with or without 
post-treatment administration of 0.1 micrograms/ml of 12-O-tetradecanoylphorbol-13- 
acetate (TPA) for the duration of the assay. The EM fields alone had no effect on cell 
survival or induction of neoplastic transformation. However, enhancement of 
transformation due to EM fields plus TPA was highly significant and ranged up to a level 
equivalent to that produced by 1.5 Gy of X rays. The frequency of neoplastic 
transformation was dependent on the level of EM exposure and was additive with doses 
of X rays given as a cocarcinogen.

Zhu W, Zhang W, Li Y, Xu J, Luo J, Jiang Y, Lu X, Lu S. [Inhibitory effect of microwave 
radiation on proliferation of human pancreatic cancer JF305 cells and its mechanism]. 
Wei Sheng Yan Jiu. 42(6):1008-1011, 2013.
[Article in Chinese]
OBJECTIVE: To investigate on the proliferation effect of different intensities 2450 MHz 
microwave radiation on human pancreatic cancer JF305 cells and its possible 
mechanism. METHODS: JF305 cells were radiated by intensity of 2.5, 5.0, 10.0, 15.0 and
20.0 mW/cm2 microwave for 20 min. The proliferation capacity of JF305 was measured 
by MTT assays, Annexin V-FITC and PI staining was used for detecting cell apoptosis. The 
activity of Caspase-3 was examined. The expressions of Caspase-3 and HSP 70 protein 
after the cell treatment with microwave were detected by Western blotting. RESULTS: 
After microwave radiation, the proliferation inhibition rates of JF305 cells were 
significantly higher compared with control group. Annexin V-FITC and PI staining result 
showed that microwave radiation could induce cell apoptosis. Caspase-3 increased after 
radiated by microwave, compared with control group (P < 0.05). Results of Western 
blotting showed that the expression of Caspase-3 and HSP 70 protein increased 
significantly in different dosage radiation group. CONCLUSION: Microwave radiation can

-34-

http://www.ncbi.nlm.nih.gov/pubmed?term=Zhu%20W%5BAuthor%5D&cauthor=true&cauthor_uid=24459920
http://www.ncbi.nlm.nih.gov/pubmed?term=Zhang%20W%5BAuthor%5D&cauthor=true&cauthor_uid=24459920
http://www.ncbi.nlm.nih.gov/pubmed?term=Li%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=24459920
http://www.ncbi.nlm.nih.gov/pubmed?term=Xu%20J%5BAuthor%5D&cauthor=true&cauthor_uid=24459920
http://www.ncbi.nlm.nih.gov/pubmed?term=Luo%20J%5BAuthor%5D&cauthor=true&cauthor_uid=24459920
http://www.ncbi.nlm.nih.gov/pubmed?term=Jiang%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=24459920
http://www.ncbi.nlm.nih.gov/pubmed?term=Lu%20X%5BAuthor%5D&cauthor=true&cauthor_uid=24459920
http://www.ncbi.nlm.nih.gov/pubmed?term=L%C3%BC%20S%5BAuthor%5D&cauthor=true&cauthor_uid=24459920
http://www.ncbi.nlm.nih.gov/pubmed/24459920


Studies that show WiFi and Devices Health Effects

inhibit the proliferation of JF305 cells, the possible mechanism may be related with 
inducing cell apoptosis by changing of stress level.

Johnson EH, Chima SC, Muirhead DE, A cerebral primitive neuroectodermal tumor in a 
squirrel monkey (Saimiri sciureus). J Med Primatol 28(2):91-96, 1999.
An adult squirrel monkey with a history of long-term exposure to microwave radiation 
was found at necropsy to have a malignant tumor of the right cerebral cortex. Gross 
examination revealed a mass with expanding borders in the right frontoparietal cortex 
with compression of the adjacent lateral ventricle. Microscopy revealed a tumor 
composed of sheets of moderate-sized cells, resembling an oligodendroglioma, with clear 
cytoplasm and central nuclei interrupted by delicate vasculature. Malignant features 
were present in the form of marked nuclear pleomorphism, frequent mitotic figures, and 
focal necrosis. A neuronal cell origin for this tumor was supported by 
immunohistochemical analysis, which revealed immunopositivity for neurofilament 
proteins and neuron-specific enolase. Staining for vimentin and glial fibrillary acid protein 
was negative, except in reactive astrocytes at the tumor margins and adjacent to intra- 
tumoral blood vessels. Antibody activity against Ki-67 antigen, a marker of rapidly 
proliferating tumor cells, and p53 oncoprotein was strongly positive, indicative of the 
aggressive and malignant nature of this tumor. The tumor was diagnosed as a cerebral 
primitive neuroectodermal tumor.

Effects on Children

Sangun O, Dundar B, Darici H, Comlekci S, Doguc DK, Celik S. The effects of long-term 
exposure to a 2450 MHz electromagnetic field on growth and pubertal development in 
female Wistar rats. Electromagn Biol Med. 2014 Jan 24. [Epub ahead of print]
The aim of this study was to investigate the effects of a 2450 MHz electromagnetic field 
(EMF) (wireless internet frequency) on the growth and development of female Wistar 
rats. The study was conducted on three groups of rats. The prenatal and postnatal groups 
were exposed to EMF 1 h/day beginning from intrauterine and postnatal periods, 
respectively. The third group was the sham-exposed group. Growth, nutrition and vaginal 
opening (VO) were regularly monitored. Serum and tissue specimens were collected at 
puberty. Histological examinations, total antioxidant status (TAS), total oxidant status 
(TOS) and oxidative stress index (OSI) measurements in ovary and brain tissues and also 
immunohistochemical staining of the hypothalamus were performed besides the 
determination of serum FSH, LH, E2 and IGF-1 values. Birth masses of the groups were 
similar (p > 0.05). Mass gain per day was significantly lower and the puberty was 
significantly later in the prenatal group. Brain and ovary TOS and OSI values in the 
prenatal group were significantly increased (p < 0.05) compared to the control group. 
Serum LH levels of the prenatal and postnatal groups were increased, although serum 
FSH, and E2 values did not differ among the groups (p > 0.05). Histological examinations 
of the specimens revealed no statistically significant difference between the groups
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(p > 0.05). Exposure to 2450 MHz EMF, particularly in the prenatal period, resulted in 
postnatal growth restriction and delayed puberty in female Wistar rats. Increased TOS 
and OSI values in the brain and ovary tissues can be interpreted as a sign of chronic stress 
induced by EMF. This is the first longitudinal study which investigates the effects of EMF 
induced by wireless internet on pubertal development beside growth.

Hormones

Sinha RK. Chronic non-thermal exposure of modulated 2450 MHz microwave radiation 
alters thyroid hormones and behavior of male rats. Int J Radiat Biol. 84(6):505-513, 
2008.
Purpose: The purpose of this investigation was to analyze the effects of leakage 
microwave (2450 MHz) irradiation on thyroid hormones and behavior of male rats. 
Materials and methods: Experiments were carried out on two groups of male rats 
(exposure and control, respectively). Radio-immuno assay (RIA) methods were used for 
estimation of 3,5,3'-triiodothyronine (T(3)), thyroxine (T(4)) and thyrotrophin or thyroid 
stimulating hormone (TSH). The assessments of behavioral changes were performed in 
Open-Field (OF) and Elevated Plus-Maze (EPM) apparatuses. Results: Following chronic 
microwave exposure, rats were found hyperactive and aggressive on the 16th and 21st 
days. Behavioral changes in OF were analyzed and found to be significantly changed from 
controls (p < 0.05) for immobilization, rearing and ambulation behavior. In EPM, rats 
showed increased activity with decreased time spent in the open arm and more time 
spent in the center on the 11th (p < 0.05), 16th (p < 0.05) and 21st day (p < 0.01) after 
irradiation. Changes in behavioral parameters are also correlated with the trend of 
changes, compared to control animals, in hormonal blood levels of T3 (decreased on the 
16th day, p < 0.05 and 21st day, p < 0.01) and T4 (increased on the 21st day, p < 0.05). 
Conclusion: Low energy microwave irradiation may be harmful as it is sufficient to alter 
the levels of thyroid hormones as well as the emotional reactivity of the irradiated 
compared to control animals.

Koveshnikova IV, Antipenko EN, [The participation of thyroid hormones in modifying the 
mutagenic effect of microwaves]. Radiobiologiia 31(1):147-149, 1991. [Article in Russian] 
The mutagenic effect of microwaves (2,450 or 2,750 MHz, 500 microW/cm2, 30 days, 7 h 
a day) increases with both low and high thyroid hormone content in rats. This indicates 
that normal functioning of the thyroid gland is an important condition for the 
stabilization of chromosome integrity under the effect of nonionizing radiation of 
microwaves.

Eskander EF, Estefan SF, Abd-Rabou AA. How does long term exposure to base stations 
and mobile phones affect human hormone profiles? Clin Biochem. 45(1-2):157-161, 
2012
OBJECTIVES: This study is concerned with assessing the role of exposure to radio 
frequency radiation (RFR) emitted either from mobiles or base stations and its relations
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with human's hormone profiles. DESIGN AND METHODS: All volunteers' samples were 
collected for hormonal analysis. RESULTS: This study showed significant decrease in 
volunteers' ACTH, cortisol, thyroid hormones, prolactin for young females, and 
testosterone levels. CONCLUSION: The present study revealed that high RFR effects on 
pituitary-adrenal axis.

DNA Damage

Sarkar S, Ali S, Behari J, Effect of low power microwave on the mouse genome: a direct 
DNA analysis. Mutat Res 320(1-2):141-147, 1994.
The potential mutagenic effect of low power microwave at the DNA sequence level in 
the mouse genome was evaluated by direct DNA analysis. Animals were exposed to 
microwave at a power density of 1 mW/cm2 for 2 h/day at a frequency of 2.45 GHz over 
a period of 120, 150 and 200 days. HinfI digested DNA samples from testis and brain of 
control and exposed animals were hybridized with a synthetic oligo probe (OAT 36) 
comprising nine repeats of 5'-GACA-3'. As compared to control animals, band patterns in 
exposed animals were found to be distinctly altered in the range of 7-8 kb which was also 
substantiated by densitometric analysis. Though the mechanism of this rearrangement is 
not yet clear, the results obtained at the present dose are of significance. This dose, 
which has been set as the safe limit for general public exposure by the Non-Ionizing 
Radiation Committee of the International Radiation Protection Association, may imply a 
need for (re)evaluation of the mutagenic potential of microwaves at the prescribed safe 
limit for the personnel and people who are being exposed.

Lee S, Johnson D, Dunbar K, Dong H, Ge X, Kim YC, Wing C, Jayathilaka N, Emmanuel N, 
Zhou CQ, Gerber HL, Tseng CC, Wang SM2.45GHz radiofrequency fields alter gene 
expression in cultured human cells. FEBS Lett. 579(21):4829-4836, 2005.
The biological effect of radiofrequency (RF) fields remains controversial. We address this 
issue by examining whether RF fields can cause changes in gene expression. We used the 
pulsed RF fields at a frequency of 2.45GHz that is commonly used in telecommunication 
to expose cultured human HL-60 cells. We used the serial analysis of gene expression 
(SAGE) method to measure the RF effect on gene expression at the genome level. We 
observed that 221 genes altered their expression after a 2-h exposure. The number of 
affected genes increased to 759 after a 6-h exposure. Functional classification of the 
affected genes reveals that apoptosis-related genes were among the upregulated ones 
and the cell cycle genes among the downregulated ones. We observed no significant 
increase in the expression of heat shock genes. These results indicate that the RF fields at 
2.45GHz can alter gene expression in cultured human cells through non-thermal 
mechanism.

Lai H, Singh NP, Single- and double-strand DNA breaks in rat brain cells after acute exposure 
to radiofrequency electromagnetic radiation. Int J Radiat Biol 69(4):513-521, 1996.
We investigated the effects of acute (2-h) exposure to pulsed (2-micros pulse width, 500
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pulses s(-1)) and continuous wave 2450-MHz radiofrequency electromagnetic radiation 
on DNA strand breaks in brain cells of rat. The spatial averaged power density of the 
radiation was 2mW/cm2, which produced a whole-body average-specific absorption rate 
of 1.2W/kg. Single- and double-strand DNA breaks in individual brain cells were 
measured at 4h post-exposure using a microgel electrophoresis assay. An increase in 
both types of DNA strand breaks was observed after exposure to either the pulsed or 
continuous-wave radiation, No significant difference was observed between the effects 
of the two forms of radiation. We speculate that these effects could result from a direct 
effect of radiofrequency electromagnetic energy on DNA molecules and/or impairment 
of DNA-damage repair mechanisms in brain cells. Our data further support the results of 
earlier in vitro and in vivo studies showing effects of radiofrequency electromagnetic 
radiation on DNA.

Lai H, Singh NP, Acute low-intensity microwave exposure increases DNA single-strand 
breaks in rat brain cells. Bioelectromagnetics 16(3):207-210, 1995.
Levels of DNA single-strand break were assayed in brain cells from rats acutely exposed 
to low-intensity 2450 MHz microwaves using an alkaline microgel electrophoresis 
method. Immediately after 2 h of exposure to pulsed (2 microseconds width, 500 
pulses/s) microwaves, no significant effect was observed, whereas a dose rate- 
dependent [0.6 and 1.2 W/kg whole body specific absorption rate (SAR)] increase in DNA 
single-strand breaks was found in brain cells of rats at 4 h postexposure. Furthermore, in 
rats exposed for 2 h to continuous-wave 2450 MHz microwaves (SAR 1.2 W/kg), 
increases in brain cell DNA single-strand breaks were observed immediately as well as at 
4 h postexposure.

Hatice §. Gurler, Bir§en Bilgici, Ay§egul K. Akar, Leman Tomak & Abdulkerim Bedir. 
Increased DNA oxidation (8-OHdG) and protein oxidation (AOPP) by low level 
electromagnetic field (2.45 GHz) in rat brain and protective effect of 
garlic. International Journal of Radiation Biology. Posted online on August 4, 2014.
Purpose: To investigate the oxidative damage and protective effect of garlic on rats 
exposed to low level of electromagnetic fields (EMF) at 2.45 GHz Microwave radiation 
(MWR). Methods: Thirty-six Wistar rats were divided into three groups. Group I was the 
control group and not exposed to EMF. Group II and III were exposed to low level EMF 
(3.68 ± 0.36 V/m) at 2.45 GHz MWR for 1 hour/day for 30 consecutive days. Daily 500 
mg/kg garlic was given to Group III during the study period. At the end of the study, 
thiobarbituric acid reactive substances (TBARS), advanced oxidation protein products 
(AOPP) and 8-hydroxydeoxyguanosine (8-OHdG) levels were investigated in brain tissue 
and blood samples. Results: Exposure to low level of EMF increased 8-OHdG level in both 
plasma and brain tissue whereas it increased AOPP level only in plasma. Garlic prevented 
the increase of 8-OHdG level in brain tissue and plasma AOPP levels. Conclusions: It may 
be concluded that low level EMF at 2.45 GHz MWR increases the DNA damage in both 
brain tissues and plasma of the rats whereas it increases protein oxidation only in 
plasma. It may also be argued that the use of garlic decreases these effects.
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Maes A, Verschaeve L, Arroyo A, De Wagter C, Vercruyssen L, In vitro cytogenetic 
effects of 2450 MHz waves on human peripheral blood lymphocytes. 
Bioelectromagnetics 14(6):495-501, 1993.
Cytogenetic analyses were performed on human peripheral blood lymphocytes exposed 
to 2450 MHz microwaves during 30 and 120 min at a constant temperature of 36.1 
degrees C (body temperature). The temperature was kept constant by means of a 
temperature probe put in the blood sample which gives feedback to a microcomputer 
that controls the microwave supply. We found a marked increase in the frequency of 
chromosome aberrations (including dicentric chromosomes and acentric fragments) and 
micronuclei. On the other hand the microwave exposure did not influence the cell 
kinetics nor the sister chromatid exchange (SCE) frequency.

Lakshmi NK, Tiwari R, BhargavaSC, Ahuja YRInvestigations on DNA damage and 
frequency of micronuclei in occupational exposure to electromagnetic fields (EMFs) 
emitted from video display terminals (VDTs). Gen Mol Biol 33(1): 154-158, 2010.
The potential effect of electromagnetic fields (EMFs) emitted from video display 
terminals (VDTs) to elicit biological response is a major concern for the public. The 
software professionals are subjected to cumulative EMFs in their occupational 
environments. This study was undertaken to evaluate DNA damage and incidences of 
micronuclei in such professionals. To the best of our knowledge, the present study is the 
first attempt to carry out cytogenetic investigations on assessing bioeffects in personal 
computer users. The study subjects (n = 138) included software professionals using VDTs 
for more than 2 years with age, gender, socioeconomic status matched controls (n =
151). DNA damage and frequency of micronuclei were evaluated using alkaline comet 
assay and cytochalasin blocked micronucleus assay respectively. Overall DNA damage 
and incidence of micronuclei showed no significant differences between the exposed and 
control subjects. With exposure characteristics, such as total duration (years) and 
frequency of use (minutes/day) sub-groups were assessed for such parameters. Although 
cumulative frequency of use showed no significant changes in the DNA integrity of the 
classified sub-groups, the long-term users (> 10 years) showed higher induction of DNA 
damage and increased frequency of micronuclei and micro nucleated cells.

Fucic A, Garaj-Vrhovac V, Skara M, Dimitrovic B, X-rays, microwaves and vinyl chloride 
monomer: their clastogenic and aneugenic activity, using the micronucleus assay on 
human lymphocytes. Mutat Res 282(4):265-271, 1992.
Chromosome aberration assays, sister-chromatid exchange techniques and micronucleus 
assays are commonly used methods for biomonitoring genetic material damaged by 
chemical or physical agents. On the other hand, their aneugenic activity, which can lead 
to hypoploidy and may also be associated with carcinogenesis, has not been thoroughly 
investigated. In our study we chose the micronucleus assay with a new mathematical 
approach to separate clastogenic from aneugenic activity of three well-known mutagens 
(vinyl chloride monomer, X-rays and microwaves) on the genome of human somatic cells. 
The comparison of frequencies of size distribution of micronuclei in the lymphocytes of 
humans exposed to each of these three mutagens showed that X-rays and microwaves
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were preferentially clastogens while vinyl chloride monomer showed aneugenic activity 
as well. Microwaves possess some mutagenic characteristics typical of chemical 
mutagens.

Effects on the Heart

Turker Y, Naziroglu M, Gumral N, Celik O, Saygin M, Comlekg S, Flores-Arce M. 
Selenium and L-carnitine reduce oxidative stress in the heart of rat induced by 2.45- 
GHz radiation from wireless devices. Biol Trace Elem Res. 143(3):1640-1650, 2011.
The aim of this study was to investigate the possible protective role of selenium and L- 
carnitine on oxidative stress induced by 2.45-GHz radiation in heart of rat. For this 
purpose, 30 male Wistar Albino rats were equally divided into five groups namely 
controls, sham controls, radiation-exposed rats, radiation-exposed rats treated with 
intraperitoneal injections of sodium selenite at a dose of 1.5 mg/kg/day, and radiation- 
exposed rats treated with intraperitoneal injections of L-carnitine at a dose of 1.5 
mg/kg/day. Except for the controls and sham controls, the animals were exposed to 2.45- 
GHz radiation during 60 min/day for 28 days. The lipid peroxidation (LP) levels were 
higher in the radiation-exposed groups than in the control and sham control groups. The 
lipid peroxidation level in the irradiated animals treated with selenium and L-carnitine 
was lower than in those that were only exposed to 2.45-GHz radiation. The 
concentrations of vitamins A, C, and E were lower in the irradiated-only group relative to 
control and sham control groups, but their concentrations were increased in the groups 
treated with selenium- and L-carnitine. The activity of glutathione peroxidase was higher 
in the selenium-treated group than in the animals that were irradiated but received no 
treatment. The erythrocyte-reduced glutathione and 3-carotene concentrations did not 
change in any of the groups. In conclusion, 2.45-GHz electromagnetic radiation caused 
oxidative stress in the heart of rats. There is an apparent protective effect of selenium 
and L-carnitine by inhibition of free radical formation and support of the antioxidant 
redox system.

Seaman RL, DeHaan RL, Inter-beat intervals of cardiac-cell aggregates during exposure 
to 2.45 GHz CW, pulsed, and square-wave-modulated microwaves. Bioelectromagnetics 
14(1):41-55, 1993.
Inter-beat intervals of aggregated cardiac cells from chicken embryos were studied 
during 190 s exposures to 2.45 GHz microwaves in an open-ended coaxial device. 
Averaged specific-absorption rates (SARs) and modulation conditions were 1.2-86.9 W/kg 
continuous-wave (CW), 1.2-12.2 W/kg pulse modulation (PW, duty cycle approximately 
11%), and 12.0-43.5 W/kg square-wave modulation (duty cycle = 50%). The inter-beat 
interval decreased during microwave exposures at 42.0 W/kg and higher when CW or 
square-wave modulation was used, which is consistent with established effects of 
elevated temperatures. However, increases in the inter-beat interval during CW 
exposures at 1.2-12.2 W/kg, and decreases in the inter-beat interval after PW exposures 
at 8.4-12.2 W/kg, are not consistent with simple thermal effects. Analysis of variance
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indicated that SAR, modulation, and the modulation-SAR interaction were all significant 
factors in altering the inter-beat interval. The latter two factors indicated that the cardiac 
cells were affected by athermal as well as thermal effects of microwave exposure.

Inflammation

Trosic I. Multinucleated giant cell appearance after whole body microwave irradiation 
of rats. Int J Hyg Environ Health. 204(2-3):133-138, 2001.
Multinucleated giant cells are common for some chronic inflammatory processes in the 
lung. These cells are formed by fusion of macrophages, but how the process relates to 
the kinetics of alveolar macrophage generation is not clear. This study investigated the 
influence of 2450 MHz microwave irradiation on alveolar macrophage kinetics and 
formation of multinucleated giant cells after whole body irradiation of rats. The range of 
electromagnetic radiation was selected as 2450 MHz microwaves at a power density of 5
15 mW/cm2. A group of experimental animals was divided in four subgroups that 
received 2, 8, 13 and 22 irradiation treatments of two hours each. The animals were 
killed on experimental days 1, 8, 16, and 30. Free lung cell population was obtained by 
bronchoalveolar lavage. Cell response to the selected irradiation level was followed 
quantitatively, qualitatively and morphologically using standard laboratory methods.
Total cell number retrieved by lavage slightly decreased in treated animals showing time- 
and dose-dependence. Cell viability did not significantly change in the irradiated animal 
group (G2) as compared with the control group (G1). Multinucleated cells significantly 
increased (p < 0.01) in treated animals. The elevation of the number of nuclei per cell 
was time- and dose-dependent. Macrophages with two nucleoli were more common in 
animals treated twice or eight times. Polynucleation, that is three and more nucleoli in a 
single cell, was frequently observed after 13 or 22 treatments. Binucleation and 
multinucleation of alveolar macrophages were sensitive time- and dose-dependent 
morphological indicators of pulmonary stress.

Effects on Blood

Cleary SF, Liu LM, Merchant RE, In vitro lymphocyte proliferation induced by radio
frequency electromagnetic radiation under isothermal conditions. Bioelectromagnetics 
11(1):47-56, 1990.
Whole human blood was exposed or sham-exposed in vitro for 2 h to 27 or 2,450 MHz 
radio-frequency electromagnetic (RF) radiation under isothermal conditions (i.e., 37 +/- 
0.2 degrees C). Immediately after exposure, mononuclear cells were separated from 
blood by Ficoll density-gradient centrifugation and cultured for 3 days at 37 degrees C 
with or without mitogenic stimulation by phytohemagglutinin (PHA). Lymphocyte 
proliferation was assayed at the end of the culture period by 6 h of pulse labeling with 
3H-thymidine (3H-TdR). Exposure to radiation at either frequency at specific absorption 
rates (SARs) below 50 W/kg resulted in a dose-dependent, statistically significant
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increase of 3H-TdR uptake in PHA-activated or unstimulated lymphocytes. Exposure at 50 
W/kg or higher suppressed 3H-TdR uptake relative to that of sham-exposed cells. There 
were no detectable effects of RF radiation on lymphocyte morphology or viability. 
Notwithstanding the characteristic temperature dependence of lymphocyte activation in 
vitro, the isothermal exposure conditions of this study warrant the conclusion that the 
biphasic, dose-dependent effects of the radiation on lymphocyte proliferation were not 
dependent on heating.

Czerska EM, Elson EC, Davis CC, Swicord ML, Czerski P, Effects of continuous and pulsed 
2450-MHz radiation on spontaneous lymphoblastoid transformation of human 
lymphocytes in vitro. Bioelectromagnetics 13(4):247-259, 1992.
Normal human lymphocytes were isolated from the peripheral blood of healthy donors. 
One-ml samples containing (10(6)) cells in chromosome medium 1A were exposed for 5 
days to conventional heating or to continuous wave (CW) or pulsed wave (PW) 2450- 
MHz radiation at non-heating (37 degrees C) and various heating levels (temperature 
increases of 0.5, 1.0, 1.5, and 2 degrees C). The pulsed exposures involved 1-microsecond 
pulses at pulse repetition frequencies from 100 to 1,000 pulses per second at the same 
average SAR levels as the CW exposures. Actual average SARs ranged to 12.3 W/kg. 
Following termination of the incubation period, spontaneous lymphoblastoid 
transformation was determined with an image analysis system. The results were 
compared among each of the experimental conditions and with sham-exposed cultures. 
At non-heating levels, CW exposure did not affect transformation. At heating levels both 
conventional and CW heating enhanced transformation to the same extent and correlate 
with the increases in incubation temperature. PW exposure enhanced transformation at 
non-heating levels. This finding is significant (P less than .002). At heating levels PW 
exposure enhanced transformation to a greater extent than did conventional or CW 
heating. This finding is significant at the .02 level. We conclude that PW 2450-MHz 
radiation acts differently on the process of lymphoblastoid transformation in vitro 
compared with CW 2450-MHz radiation at the same average SARs.

Trosic I, Matausicpisl M, Radalj Z, Prlic I, Animal study on electromagnetic field 
biological potency. Arh Hig Rada Toksikol 50(1):5-11, 1999.
This recent basic research study used an animal model protocol to assess specific 
biomarkers of the effect of non-ionising, non-thermal radiation (2450 MHz microwave 
radiation at 5-15 mW/cm2) on bone marrow, peripheral blood, and bronchoalveolar free 
cell populations. Of 40 male Wistar rats taken in the study, 20 animals of the 
experimental group were irradiated for 2 hours a day, 5 days a week, and subsequently 
killed on days 1, 8, 16, and 30 of the experiment. The remaining 20 rats served as control. 
All animals were previously intratracheally instilled with biologically inert microspheres 
to see the influence of irradiation on lung retention kinetics. The cell response to chosen 
electromagnetic irradiation was followed quantitatively and qualitatively using the 
standard laboratory methods. The results of peripheral blood cell response suggested a 
decreasing tendency in total leukocyte count and in relative lymphocyte count in the 
treated group. A slight increase was also observed in granulocyte count and in the
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absolute count of peripheral blood erythrocytes over control animals.

Trosic I, Busljeta I, Pavicic I. Blood-forming system in rats after whole-body microwave 
exposure; reference to the lymphocytes. Toxicol Lett. 154(1-2):125-132, 2004.
The influence of 2.45GHz microwave (RF/MW) irradiation on blood-forming cells after 
whole-body irradiation of rats was investigated. The exposures were conducted with a 
field power density of 5-10mW/cm(2), and whole-body average specific absorption rate 
(SAR) of 1-2W/kg. Four experimental subgroups were created and irradiated 2, 8, 15 or 
30 days, for 2h a day, 7 days a week. Concurrent sham-exposed rats were also included in 
the study. The cell response was assessed by number and type of the bone marrow 
nuclear cells and peripheral blood white cells using standard laboratory methods. 
Significant decrease in lymphoblast count was obtained at 15 and 30th experimental day 
(P < 0.05), whereas other examined parameters did not significantly differed in 
comparison to the sham-exposed controls. The findings point out at stress response in 
blood-forming system in rats after selected microwave exposure, which could be 
considered rather as sign of adaptation than malfunction.

Grigoriev YG, Grigoriev OA, Ivanov AA, Lyaginskaya AM, Merkulov AV, Shagina NB, 
Maltsev VN, Leveque P, Ulanova AM, Osipov VA, Shafirkin AV. Confirmation studies of 
Soviet research on immunological effects of microwaves: Russian immunology results. 
Bioelectromagnetics. 31(8):589-602, 2010.
This paper presents the results of a replication study performed to investigate earlier 
Soviet studies conducted between 1974 and 1991 that showed immunological and 
reproductive effects of long-term low-level exposure of rats to radiofrequency (RF) 
electromagnetic fields. The early studies were used, in part, for developing exposure 
standards for the USSR population and thus it was necessary to confirm the Russian 
findings. In the present study, the conditions of RF exposure were made as similar as 
possible to those in the earlier experiments: Wistar rats were exposed in the far field to 
2450 MHz continuous wave RF fields with an incident power density in the cages of 5 
W/m2 for 7 h/day, 5 days/week for a total of 30 days, resulting in a whole-body SAR of 
0.16 W/kg. Effects of the exposure on immunological parameters in the brain and liver of 
rats were evaluated using the complement fixation test (CFT), as in the original studies, 
and an additional test, the more modern ELISA test. Our results, using CFT and ELISA, 
partly confirmed the findings of the early studies and indicated possible effects from 
non-thermal RF exposure on autoimmune processes. The RF exposure resulted in minor 
increases in formation of antibodies in brain tissue extract and the exposure did not 
appear to be pathological. In addition, a study was conducted to replicate a previous 
Soviet study on effects from the injection of blood serum from RF-exposed rats on 
pregnancy and foetal and offspring development of rats, using a similar animal model 
and protocol. Our results showed the same general trends as the earlier study, 
suggesting possible adverse effects of the blood serum from exposed rats on pregnancy 
and foetal development of intact rats, however, application of these results in developing 
exposure standards is limited.

-43-

http://www.ncbi.nlm.nih.gov/pubmed?term=Grigoriev%20YG%5BAuthor%5D&cauthor=true&cauthor_uid=20857454
http://www.ncbi.nlm.nih.gov/pubmed?term=Grigoriev%20OA%5BAuthor%5D&cauthor=true&cauthor_uid=20857454
http://www.ncbi.nlm.nih.gov/pubmed?term=Ivanov%20AA%5BAuthor%5D&cauthor=true&cauthor_uid=20857454
http://www.ncbi.nlm.nih.gov/pubmed?term=Lyaginskaya%20AM%5BAuthor%5D&cauthor=true&cauthor_uid=20857454
http://www.ncbi.nlm.nih.gov/pubmed?term=Merkulov%20AV%5BAuthor%5D&cauthor=true&cauthor_uid=20857454
http://www.ncbi.nlm.nih.gov/pubmed?term=Shagina%20NB%5BAuthor%5D&cauthor=true&cauthor_uid=20857454
http://www.ncbi.nlm.nih.gov/pubmed?term=Maltsev%20VN%5BAuthor%5D&cauthor=true&cauthor_uid=20857454
http://www.ncbi.nlm.nih.gov/pubmed?term=L%C3%A9v%C3%AAque%20P%5BAuthor%5D&cauthor=true&cauthor_uid=20857454
http://www.ncbi.nlm.nih.gov/pubmed?term=Ulanova%20AM%5BAuthor%5D&cauthor=true&cauthor_uid=20857454
http://www.ncbi.nlm.nih.gov/pubmed?term=Osipov%20VA%5BAuthor%5D&cauthor=true&cauthor_uid=20857454
http://www.ncbi.nlm.nih.gov/pubmed?term=Shafirkin%20AV%5BAuthor%5D&cauthor=true&cauthor_uid=20857454
http://www.ncbi.nlm.nih.gov/pubmed/20857454


Studies that show WiFi and Devices Health Effects

Zotti-Martelli L, Peccatori M, Scarpato R, Migliore L, Induction of micronuclei in human 
lymphocytes exposed in vitro to microwave radiation. Mutat Res 472(1-2):51-58, 2000.
Increasing applications of electromagnetic fields are of great concern with regard to 
public health. Several in vitro studies have been conducted to detect effects of 
microwave exposure on the genetic material leading to negative or questionable results. 
The micronucleus (MN) assay which is proved to be a useful tool for the detection of 
radiation exposure-induced cytogenetic damage was used in the present study to 
investigate the genotoxic effect of microwaves in human peripheral blood lymphocytes 
in vitro exposed in G(0) to electromagnetic fields with different frequencies (2.45 and 
7.7GHz) and power density (10, 20 and 30mW/cm(2)) for three times (15, 30 and 60min). 
The results showed for both radiation frequencies an induction of micronuclei as 
compared to the control cultures at a power density of 30mW/cm(2) and after an 
exposure of 30 and 60min. Our study would indicate that microwaves are able to cause 
cytogenetic damage in human lymphocytes mainly for both high power density and long 
exposure time.

Oxidative Stress

Naziroglu M, Cig B, Dogan S, Uguz AC, Dilek S, Faouzi D. 2.45-Gz wireless devices induce 
oxidative stress and proliferation through cytosolic Ca2+ influx in human leukemia 
cancer cells. Int J Radiat Biol. 88(6):449-456, 2012.
PURPOSE: Electromagnetic radiation from wireless devices may affect biological systems 
by increasing free radicals. The present study was designed to determine the effects of
2.45 GHz radiation on the antioxidant redox system, calcium ion signaling, cell count and 
viability in human leukemia 60 cells. MATERIALS AND METHODS: Twelve cell cultures 
were equally divided into two main groups as controls (n = 6) and irradiated (n = 6) and 
then subdivided into four different subgroups depending on the duration of exposure, 
namely 1, 2, 12 and 24 hours. The samples were analyzed immediately after the 
experimental period. RESULTS: The extent of lipid peroxidation, cytosolic free Ca2+ and 
cell numbers were higher in 2.45 GHz groups than in the controls. The increase of 
cytosolic free Ca2+ concentrations was radiation time-dependent and was highest at 24-h 
exposure. The reduced glutathione, glutathione peroxidase, vitamin C and cell viability 
values did not show any changes in any of the experimental groups. 2-aminoethyl 
diphenylborinate inhibits Ca2+ ions influx by blockage of the transient receptor potential 
melastatin 2. CONCLUSIONS: 2.45 GHz electromagnetic radiation appears to induce 
proliferative effects through oxidative stress and Ca2+ influx although blocking of 
transient receptor potential melastatin 2 channels by 2-aminoethyl diphenylborinate 
seems to counteract the effects on Ca2+ ions influx.

Kim MJ, Rhee SJ. Green tea catechins protect rats from microwave-induced oxidative 
damage to heart tissue. J Med Food. 7(3):299-304, 2004.
We investigated the effects of greentea catechin on oxidative damage in microwave- 
exposed rats. The microwave-exposed rats received one of three diets: catechin-free
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(MW-0C), 0.25% catechin (MW-0.25C), or 0.5% catechin (MW-0.5C). Rats were sacrificed 
6 days after microwave irradiation (2.45 GHz, 15 minutes). Cytochrome P(450) levels in 
the MW-0C group was increased by 85% compared with normal, but was 11% and 14% 
lower in the MW-0.25C and MW-0.5C groups than in the MW-0C group. NADPH- 
cytochrome P(450) reductase activity in the MW-0C group was increased by 29%, 
compared with the normal group, but was significantly less in the MW-0.25C and MW- 
0.5C groups. Superoxide dismutase activity in the MW-0C group was decreased by 34%, 
compared with the normal group, but in the MW-0.25C and MW-0.5C groups was 19% 
and 25% higher. The activity of glutathione peroxidase in the MW-0C group was 
decreased by 28% but remained near normal with catechin supplements. Superoxide 
radical concentrations in the MW-0C group were increased by 35%, compared with the 
normal group. However, superoxide radicals in the MW-0.25C and MW-0.5C groups were 
11% and 12% lower, respectively, compared with the MW-0C group. Microwave 
irradiation significantly increased levels of thiobarbituric acid-reactive substances, 
carbonyl values, and lipofuscin contents, but greentea catechin partially overcame the 
effects of the microwave irradiation. In conclusion, the mixed function oxidase system 
was activated, the formation of superoxide radical, lipid peroxide, oxidized protein, and 
lipofuscin was increased, and the antioxidative defense system was weakened in heart 
tissue of microwave-exposed rats, but the oxidative damage was significantly reduced by 
catechin supplementation.

Aweda MA, Gbenebitse S, Meidinyo RO. Effects of 2.45 GHz microwave exposures on 
the peroxidation status in Wistar rats. Niger Postgrad Med J. 10(4):243-246, 2003.
One of the consequences of exposures to microwave (MW) radiations is the enhanced 
production of free O2, free radicals, peroxides and superoxides. The effects on the lipid 
peroxidation status (LPS) of whole body irradiation of 120 Wistar rats with 2.45 GHz MW 
at a power density of 6mWcm(-2) have been studied using the MW generator model 
ER6660E from Toshiba UK Ltd. The LPS in the rats was monitored for a period of 8 weeks 
post irradiation using thiobarbituric acid (TRA) method. The MW exposures caused an 
increase in the LPS from the mean control value of 4.18 x 10(-6)g 1(-1)to a maximum of 
6.50 x 10(-6) g 1(-1) within the first 24 hrs, and then gradually reduced to control value 
after about a week. 1mg kg(-1) of ascorbic acid administered before irradiation caused a 
decrease in the LPS from the control value to a minimum of 2.86 x 10(-6)g 1(-1) within 
the first week. The value then gradually rose to a maximum of 3.96 x 10(-6)g 1(-1) within 
the monitoring period. 1 mg kg(-1) of a-tocopherol also administered before irradiation 
also caused a decrease in the LPS from the control value to a minimum of 2.10 x 10(-6) g 
1(-1) within the first week. The value then gradually rose to a maximum of 3.94 x 10(-6) g 
1(-1) within the monitoring period. The results obtained from this study demonstrate 
that MW exposures cause significant increase in the LPS and there are protective effects 
of the anti-oxidants ascorbic acid and alpha-tocopherol.

Aynali G, Naziroglu M, Celik O, Dogan M, Yarikta§ M, Yasan H. Modulation of wireless 
(2.45 GHz)-induced oxidative toxicity in laryngotracheal mucosa of rat by melatonin. 
Eur Arch Otorhinolaryngol. 270(5):1695-1700, 2013.
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It is well known that oxidative stress induces larynx cancer, although antioxidants induce 
modulator role on etiology of the cancer. It is well known that electromagnetic radiation 
(EMR) induces oxidative stress in different cell systems. The aim of this study was to 
investigate the possible protective role of melatonin on oxidative stress induced by Wi-Fi 
(2.45 GHz) EMR in laryngotracheal mucosa of rat. For this purpose, 32 male rats were 
equally categorized into four groups, namely controls, sham controls, EMR-exposed rats, 
EMR-exposed rats treated with melatonin at a dose of 10 mg/kg/day. Except for the 
controls and sham controls, the animals were exposed to 2.45 GHz radiation during 60 
min/day for 28 days. The lipid peroxidation levels were significantly (p < 0.05) higher in 
the radiation-exposed groups than in the control and sham control groups. The lipid 
peroxidation level in the irradiated animals treated with melatonin was significantly (p < 
0.01) lower than in those that were only exposed to Wi-Fi radiation. The activity of 
glutathione peroxidase was lower in the irradiated-only group relative to control and 
sham control groups but its activity was significantly (p < 0.05) increased in the groups 
treated with melatonin. The reduced glutathione levels in the mucosa of rat did not 
change in the four groups. There is an apparent protective effect of melatonin on the Wi
Fi-induced oxidative stress in the laryngotracheal mucosa of rats by inhibition of free 
radical formation and support of the glutathione peroxidase antioxidant system.

Ceyhan AM, Akkaya VB, Gulegol §C, Ceyhan BM, Ozguner F, Chen W. Protective effects 
of P-glucan against oxidative injury induced by 2.45-GHz electromagnetic radiation in 
the skin tissue of rats. Arch Dermatol Res. 304(7):521-527, 2012.
In recent times, there is widespread use of 2.45-GHz irradiation-emitting devices in 
industrial, medical, military and domestic application. The aim of the present study was 
to investigate the effect of 2.45-GHz electromagnetic radiation (EMR) on the oxidant and 
antioxidant status of skin and to examine the possible protective effects of B-glucans 
against the oxidative injury. Thirty-two male Wistar albino rats were randomly divided 
into four equal groups: control; sham exposed; EMR; and EMR + 0-glucan. A 2.45-GHz 
EMR emitted device from the experimental exposure was applied to the EMR group and 
EMR + 3-glucan group for 60 min daily, respectively, for 4 weeks. 0-glucan was 
administered via gavage at a dose of 50 mg/kg/day before each exposure to radiation in 
the treatment group. The activities of antioxidant enzymes, superoxide dismutase (SOD), 
glutathione peroxidase (GSH-Px) and catalase (CAT), as well as the concentration of 
malondialdehyde (MDA) were measured in tissue homogenates of the skin. Exposure to 
2.45-GHz EMR caused a significant increase in MDA levels and CAT activity, while the 
activities of SOD and GSH-Px decreased in skin tissues. Systemic 0-glucan significantly 
reversed the elevation of MDA levels and the reduction of SOD activities. 0-glucan 
treatment also slightly enhanced the activity of CAT and prevented the depletion of GSH- 
Px activity caused by EMR, but not statistically significantly. The present study 
demonstrated the role of oxidative mechanisms in EMR-induced skin tissue damages and 
that B-glucan could ameliorate oxidative skin injury via its antioxidant properties.
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Wellbeing

Kowall B, Breckenkamp J, Heyer K, Berg-Beckhoff G. German wide cross sectional 
survey on health impacts of electromagnetic fields in the view of general practitioners. 
Int J Public Health.55(5):507-512, 2010.
OBJECTIVES: The proportion of general practitioners (GPs) in Germany who assume 
health impacts of electromagnetic fields (EMF) is assessed. Moreover, factors associated 
with this risk perception are examined. METHODS: A 7% random sample was drawn from 
online lists of all the GPs working in Germany. 1,867 doctors received a long version of a 
self-administered postal questionnaire about EMF and health (response rate 23.3%), 928 
doctors received a short version (response rate 49.1%). RESULTS: 37.3% of responders to 
the short and 57.5% of responders to the long questionnaire agreed "that there are 
persons whose health complaints are caused by EMF when legal limit values are met". A 
late responder analysis for the survey with the short questionnaire led to a still lower 
estimate of 29% for GPs believing in health-relevant effects of EMF. CONCLUSION: About 
a third of German GPs associate EMF with health complaints and thus deviate 
considerably from current scientific knowledge. To avoid a strong selection bias in the 
surveys of the perception of EMF risks, use of short questionnaires and late responder 
analysis are recommended.

Kato Y, Johansson O. Reported functional impairments of electrohypersensitive 
Japanese: A questionnaire survey. Pathophvsiology.19(2) 95-100, 2012.
An increasing number of people worldwide complain that they have become 
electromagnetic hypersensitive (EHS). We conducted a questionnaire survey of EHS 
persons in Japan. The aim was to identify electromagnetic fields (EMF) and plausible EMF 
sources that caused their symptoms. Postal questionnaires were distributed via a self
help group, and 75 participants (95% women) responded. Reported major complaints 
were "fatigue/tiredness" (85%), "headache", "concentration, memory, and thinking" 
difficulty (81%, respectively). Seventy-two per cent used some form of 
complementary/alternative therapy. The most plausible trigger of EHS onset was a 
mobile phone base station or personal handy-phone system (37%). Sixty-five percent 
experienced health problems to be due to the radiation from other passengers' mobile 
phones in trains or buses, and 12% reported that they could not use public 
transportation at all. Fifty-three percent had a job before the onset, but most had lost 
their work and/or experienced a decrease in income. Moreover, 85.3% had to take 
measures to protect themselves from EMF, such as moving to low EMF areas, or buying 
low EMF electric appliances. EHS persons were suffering not only from their symptoms, 
but also from economical and social problems.

Bergdahl J, Tillberg A, Stenman E. Odontologic survey of referred patients with 
symptoms allegedly caused by electricity or visual display units. Acta Odontol Scand. 
56(5):303-307, 1998.
Twenty-eight consecutive patients with symptoms allegedly caused by electricity or
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visual display units were odontologically investigated according to a specially designed 
registration form including an anamnestic interview and a clinical protocol. The most 
common oral and general symptoms reported were burning mouth, craniomandibular 
dysfunction symptoms, skin complaints, and fatigue. Oral symptoms such as 
craniomandibular dysfunction and general symptoms such as eye complaints and 
dizziness scored highest on a visual analog scale regarding mean symptom intensity. The 
patients reported various numbers of medical diagnoses, such as allergic rhinitis or 
asthma and hypothyroidism. Various dental diseases were found; the most common 
were temporomandibular joint and masticatory muscle dysfunctions, lesions in the oral 
mucosa, and periodontal diseases. Urinary-Hg (U-Hg) analysis showed a mean U-Hg 
concentration of 8.5 nmol Hg/L urine, and none of the patients exceeded the limit of 50 
nmol Hg/L urine. The U-Hg concentration was positively correlated with the number of 
amalgam fillings (P< 0.01) and craniomandibular disorders (P < 0.05). No or low secretion 
of the minor mucous glands was found in 43% of the patients. One patient showed 
hypersensitivity to gold and cobalt. The present study showed that various odontologic 
factors might be involved in some of these patients' suffering. Thus, it is important that 
professionals from other disciplines collaborate with dentistry if these patients are to be 
properly investigated.

Whole Body

Kuhn S, Jennings W, Christ A, Kuster N. Assessment of induced radio-frequency 
electromagnetic fields in various anatomical human body models. Phys Med Biol. 
54(4):875-890, 2009.
The reference levels for testing compliance of human exposure with radio-frequency (RF) 
safety limits have been derived from very simplified models of the human. In order to 
validate these findings for anatomical models, we investigated the absorption 
characteristics for various anatomies ranging from 6 year old child to large adult male by 
numerical modeling. We address the exposure to plane-waves incident from all major six 
sides of the humans with two orthogonal polarizations each. Worst-case scattered field 
exposure scenarios have been constructed in order to test the implemented procedures 
of current in situ compliance measurement standards (spatial averaging versus peak 
search). Our findings suggest that the reference levels of current electromagnetic (EM) 
safety guidelines for demonstrating compliance as well as some of the current 
measurement standards are not consistent with the basic restrictions and need to be 
revised.

Bone Marrow

Vijayalaxmi, Frei, MR, Dusch, SJ, Guel, V, Meltz, ML, Jauchem, JR, Frequency of 
micronuclei in the peripheral blood and bone marrow of cancer-prone mice chronically 
exposed to 2450 MHz radiofrequency radiation. Radiat Res 147(4):495-500, 1997.

-48-

http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22K%C3%BChn%20S%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Jennings%20W%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Christ%20A%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Kuster%20N%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
javascript:AL_get(this,%20'jour',%20'Phys%20Med%20Biol.');


Studies that show WiFi and Devices Health Effects

C3H/HeJ mice, which are prone to mammary tumors, were exposed for 20 h/day, 7 
days/week, over 18 months to continuous-wave 2450 MHz radiofrequency (RF) radiation 
in circularly polarized wave guides at a whole-body average specific absorption rate of
1.0 W/kg. Sham-exposed mice were used as controls. The positive controls were the 
sentinel mice treated with mitomycin C during the last 24 h before necropsy. At the end 
of the 18 months, all mice were necropsied. Peripheral blood and bone marrow smears 
were examined for the extent of genotoxicity as indicated by the presence of micronuclei 
in polychromatic erythrocytes (PCEs). The results indicate that the incidence of 
micronuclei/1,000 PCEs was not significantly different between groups exposed to RF 
radiation (62 mice) and sham-exposed groups (58 mice), and the mean frequencies were
4.5 +/- 1.23 and 4.0 +/- 1.12 in peripheral blood and 6.1 +/- 1.78 and 5.7 +/- 1.60 in bone 
marrow, respectively. In contrast, the positive controls (7 mice) showed a significantly 
elevated incidence of micronuclei/1,000 PCEs in peripheral blood and bone marrow, and 
the mean frequencies were 50.9 +/- 6.18 and 55.2 +/- 4.65, respectively. When the 
animals with mammary tumors were considered separately, there were no significant 
differences in the incidence of micronuclei/1,000 PCEs between the group exposed to RF 
radiation (12 mice) and the sham-exposed group (8 mice), and the mean frequencies 
were 4.6 +/- 1.03 and 4.1 +/- 0.89 in peripheral blood and 6.1 +/- 1.76 and 5.5 +/- 1.51 in 
bone marrow, respectively. Thus there was no evidence for genotoxicity in mice prone to 
mammary tumors that were exposed chronically to 2450 MHz RF radiation compared 
with sham-exposed controls. A correction was published in a subsequent issue of the 
journal, stating that there was actually a significant increase in micronucleus formation 
in peripheral blood and bone marrow cells after chronic exposure to the 
radiofrequency radiation. "Viiavalaxmi, Frei ,MR, Dusch, SJ, Guel, V, Meltz, ML, 
Jauchem, JR, Correction of an error in calculation in the article "Frequency of 
micronuclei in the peripheral blood and bone marrow of cancer-prone mice chronically 
exposed to 2450 MHz radiofrequency radiation" (Radiat. Res. 147, 495-500, 1997). 
Radiat Res 149(3):308, 1998 "

Busljeta I, Trosic I, Milkovic-Kraus S. Erythropoietic changes in rats after 2.45 GJz 
nonthermal irradiation. Int J Hyg Environ Health.207(6):549-554, 2004.
The purpose of this study was to observe the erythropoietic changes in rats 
subchronically exposed to radiofrequency microwave (RF/MW) irradiation at nonthermal 
level. Adult male Wistar rats (N=40) were exposed to 2.45 GHz continuous RF/MW fields 
for 2 hours daily, 7 days a week, at 5-10 mW/cm2. Exposed animals were divided into 
four subgroups (n=10 animals in each subgroup) in order to be irradiated for 2, 8, 15 and 
30 days. Animals were sacrified on the final irradiation day of each treated subgroup. 
Unexposed rats were used as control (N=24). Six animals were included into the each 
control subgroup. Bone marrow smears were examined to determine absolute counts of 
anuclear cells and erythropoietic precursor cells. The absolute erythrocyte count, 
haemoglobin and haematocrit values were observed in the peripheral blood by an 
automatic cell counter. The bone marrow cytogenetic analysis was accomplished by 
micronucleus (MN) tests. In the exposed animals erythrocyte count, haemoglobin and 
haematocrit were increased in peripheral blood on irradiation days 8 and 15.
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Concurrently, anuclear cells and erythropoietic precursor cells were significantly 
decreased (p < 0.05) in the bone marrow on day 15, but micronucleated cells' frequency 
was increased. In the applied experimental condition, RF/MW radiation might cause 
disturbance in red cell maturation and proliferation, and induce micronucleus formation 
in erythropoietic cells.

Trosic I, Busljeta I, Kasuba V, Rozgaj R. Micronucleus induction after whole-body 
microwave irradiation of rats. Mutat Res 521(1-2):73-79, 2002.
Adult male Wistar rats were exposed for 2h a day, 7 days a week for up to 30 days to 
continuous 2450MHz radiofrequency microwave (rf/MW) radiation at a power density 
of 5-10mW/cm(2). Sham-exposed rats were used as controls. After ether anesthesia, 
experimental animals were euthanized on the final irradiation day for each treated 
group. Peripheral blood smears were examined for the extent of genotoxicity, as 
indicated by the presence of micronuclei in polychromatic erythrocytes (PCEs). The 
results for the time-course of PCEs indicated significant differences (P<0.05) for the 2nd, 
the 8th and the 15th day between control and treated subgroups of animals. Increased 
influx of immature erythrocytes into the peripheral circulation at the beginning of the 
experiment revealed that the proliferation and maturation of nucleated erythropoietic 
cells were affected by exposure to the 2450MHz radiofrequency radiation. Such findings 
are indicators of radiation effects on bone-marrow erythropoiesis and their subsequent 
effects in circulating red cells. The incidence of micronuclei/1000 PCEs in peripheral 
blood was significantly increased (P<0.05) in the subgroup exposed to rf/MW radiation 
after eight irradiation treatments of 2h each in comparison with the sham-exposed 
control group. It is likely that an adaptive mechanism, both in erythrocytopoiesis and 
genotoxicity appeared in the rat experimental model during the subchronic irradiation 
treatment.

Trosic I, Busljeta I, Modlic B. Investigation of the genotoxic effect of microwave 
irradiation in rat bone marrow cells: in vivo exposure. Mutagenesis. 19(5):361-364, 
2004.
An in vivo mammalian cytogenetic test (the erythrocyte micronucleus assay) was used to 
investigate the extent of genetic damage in bone marrow red cells of rats exposed to 
radiofrequency/microwave (RF/MW) radiation. Wistar rats (n = 40) were exposed to a
2.45 GHz_continuous RF/MW field for 2 h daily, 7 days a week, at a power density of 5-10 
mW/cm(2). The whole body average specific absorption rate (SARs) was calculated to be 
1.25 +/- 0.36 (SE) W/kg. Four subgroups were irradiated for 4, 16, 30 and 60 h. Sham- 
exposed controls (n = 24) were included in the study. The animals of each treated 
subgroup were killed on the final day of irradiation. Bone marrow smears were examined 
to determine the extent of genotoxicity after particular treatment times. The results 
were statistically evaluated using non-parametric Mann-Whitney and Kruskal-Wallis 
tests. In comparison with the sham-exposed subgroups, the findings of polychromatic 
erythrocytes (PCE) revealed significant differences (P < 0.05) for experimental days 8 and 
15. The frequency of micronucleated PCEs was also significantly increased on 
experimental day 15 (P < 0.05). Pair-wise comparison of data obtained after 2, 8 and 30
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irradiation treatments did not reveal statistically significant differences between sham- 
exposed and treated subgroups. Under the applied experimental conditions the findings 
revealed a transient effect on proliferation and maturation of erythropoietc cells in the 
rat bone marrow and the sporadic appearance of micronucleated immature bone 
marrow red cells.

Trosic I, Busljeta I. Frequency of micronucleated erythrocytes in rat bone marrow 
exposure to 2.45 GHz radiation. Physica Scripta T118: 168-170, 2005.
Wistar rats were exposed to 2.45GHz continuous, radiofrequency microwave (RF/MW) 
field 2 hours daily, 7 days weekly, at power density 5-10mW/cm2. Four subgroups were 
created in order to be irradiated 4, 16, 30 and 60 hours. Sham exposed controls were 
included in the study. Animals were euthanized on the final irradiation day of each 
treated subgroup. Bone marrow smears were examined to determine the extent of 
genotoxicity after the particular treatment time. Mann- Whitney testwas used for 
statistical evaluation of data. In comparison to the sham exposed subgroups, the findings 
of polychromatic erythrocytes revealed significant differences for the 8th and 15th 
experimental day. Bone marrow erythrocyte maturation and/or proliferation initiated by 
subthermogenic RF/MW irradiation showed temporary disturbance. Thereafter, the 
frequency of micronucleated bone marrow red cells was significantly increased after 15 
irradiation treatments. Comparison of micronucleus frequency data obtained after 2, 8 
and 30 irradiation treatments did not reveal statistically significant differences between 
sham and treated subgroups. Under the applied experimental conditions, 
RF/MWirradiation initiates transitory cytogenetic effect manifested with micronucleus 
formation in erythropoietic cells.

Trosic I, Busljeta I. Erythropoietic dynamic equilibrium in rats maintained after 
microwave irradiation. Exp Toxicol Pathol. 57(3):247-251, 2006.
The aim of study was to define influence of radiofrequency microwave (RF/MW) 
radiation on erythropoiesis in rats. The kinetics of polychromatic erythrocytes (PCEs) and 
micronucleated (MN) PCEs in the bone marrow (BM) and peripheral blood (PB) of rats 
during the intermittent subchronic experiment was followed. Rats were exposed 2h/day, 
7 days/week to RF/MW of 2.45GHz and whole-body specific absorption rate (SAR) of 
1.25+/-0.36W/kg. Control animals were included in the study. Each exposed and control 
group was killed on the final day of irradiation. Acridine-orange stained BM and blood 
smears were examined by fluorescence microscope. PCEs were obtained by inspection of 
2000BM and 1000PB erythrocytes/slides. BMMNs and PBMNs frequency was obtained 
by observation of 1000PCEs/slides. BMPCEs were increased on day 8 and 15, and PBPCEs 
were elevated on days 2 and 8 (p<0.05). The BMMN frequency was increased on 
experimental day 15, and MNPCEs in the PB was increased on day 8 (p<0.05). Findings of 
BM and PBPCEs or MNPCEs declined nearly to the control values until the end of the 
experiment. Such findings are considered to be indicators of radiation effects on BM 
erythropoiesis consequently reflected in the PB. Rehabilitated dynamic haemopoietc 
equilibrium in rats by the end of experiment indicates possibility of activation adaptation 
process in rats to the selected experimental conditions of subchronic RF/MW exposure.
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Effects on Insulin

Salah MB, Abdelmelek H, Abderraba M. Effects of olive leave extract on metabolic 
disorders and oxidative stress induced by 2.45 GHz WIFI signals. Environ Toxicol 
Pharmacol. 36(3):826-834, 2013.
We investigated the effect of olive leaves extract administration on glucose metabolism 
and oxidative response in liver and kidneys of rats exposed to radio frequency (RF). The 
exposure of rats to RF (2.45 GHz, 1h/day during 21 consecutive days) induced a 
diabetes-like status. Moreover, RF decreased the activities of glutathione peroxidase 
(GPx, -33.33% and -49.40%) catalase (CAT, -43.39% and -39.62%) and the superoxide 
dismutase (SOD, -59.29% and -68.53%) and groups thiol amount (-62.68% and -34.85%), 
respectively in liver and kidneys. Indeed, exposure to RF increased the malondialdehyde 
(MDA, 29.69% and 51.35%) concentration respectively in liver and kidneys. Olive leaves 
extract administration (100 mg/kg, ip) in RF-exposed rats prevented glucose metabolism 
disruption and restored the activities of GPx, CAT and SOD and thiol group amount in 
liver and kidneys. Moreover, olive leave extract administration was able to bring down 
the elevated levels of MDA in liver but not in kidneys. Our investigations suggested that 
RF exposure induced a diabetes-like status through alteration of oxidative response.
Olive leaves extract was able to correct glucose metabolism disorder by minimizing 
oxidative stress induced by RF in rat tissues.

Cell Effects

Phelan AM, Lange DG, Kues HA, Lutty GA, Modification of membrane fluidity in 
melanin-containing cells by low-level microwave radiation. 
Bioelectromagnetics13(2):131-146, 1992.
The treatment of a B16 melanoma cell line with 2.45-GHz pulsed microwaves (10 
mW/cm2, 10-microseconds pulses at 100 pps, 1-h exposure; SAR, 0.2 W/kg) resulted in 
changes of membrane ordering as measured by EPR (electron paramagnetic resonance) 
reporter techniques. The changes reflected a shift from a more fluid-like phase to a more 
solid (ordered) state of the cell membrane. Exposure of artificially prepared liposomes 
that were reconstituted with melanin produced similar results. In contrast, neither B16 
melanoma cells treated with 5-Bromo-2-Deoxyuridine (3 micrograms/day x 7 days) to 
render them amelanotic, nor liposomes prepared without melanin, exhibited the 
microwave-facilitated increase of ordering. Inhibition of the ordering was achieved by 
the use of superoxide dismutase (SOD), which strongly implicates oxygen radicals as a 
cause of the membrane changes. The data indicate that a significant, specific alteration 
of cell-membrane ordering followed microwave exposure. This alteration was unique to 
melanotic membranes and was due, at least in part, to the generation of oxygen radicals.

Misa Agustino MJ, Leiro JM, Jorge Mora MT, Rodrfguez-Gonzalez JA, Jorge Barreiro FJ, 
Ares-Pena FJ, Lopez-Martfn E. Electromagnetic fields at 2.45 GHz trigger changes in heat
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shock proteins 90 and 70 without altering apoptotic activity in rat thyroid gland. Biol 
Open. 1(9):831-838, 2012.
Non-ionizing radiation at 2.45 GHz may modify the expression of genes that codify heat 
shock proteins (HSP) in the thyroid gland. Using the enzyme-linked immunosorbent assay 
(ELISA) technique, we studied levels of HSP-90 and HSP-70. We also used hematoxilin 
eosin to look for evidence of lesions in the gland and applied the DAPI technique of 
fluorescence to search for evidence of chromatin condensation and nuclear 
fragmentation in the thyroid cells of adult female Sprague-Dawley rats. Fifty-four rats 
were individually exposed for 30 min to 2.45 GHz radiation in a Gigahertz transverse 
electromagnetic (GTEM) cell at different levels of non-thermal specific absorption rate 
(SAR), which was calculated using the finite difference time domain (FDTD) technique. 
Ninety minutes after radiation, HSP-90 and HSP-70 had decreased significantly (P<0.01) 
after applying a SAR of 0.046±1.10 W/Kg or 0.104±5.10(-3) W/Kg. Twenty-four hours 
after radiation, HSP-90 had partially recovered and HSP-70 had recovered completely. 
There were few indications of lesions in the glandular structure and signs of apoptosis 
were negative in all radiated animals. The results suggest that acute sub-thermal 
radiation at 2.45 GHz may alter levels of cellular stress in rat thyroid gland without 
initially altering their anti-apoptotic capacity.

Lee SS, Kim HR, Kim MS, Park S, Yoon ES, Park SH, Kim DW. Influence of Smartphone 
Wi-Fi Signals on Adipose-Derived Stem Cells. J Craniofac Surg. 2014 Aug 5. [Epub ahead 
of print].
The use of smartphones is expanding rapidly around the world, thus raising the concern 
of possible harmful effects of radiofrequency generated by smartphones. We 
hypothesized that Wi-Fi signals from smartphones may have harmful influence on 
adipose-derived stem cells (ASCs). An in vitro study was performed to assess the 
influence of Wi-Fi signals from smartphones. The ASCs were incubated under a 
smartphone connected to a Wi-Fi network, which was uploading files at a speed of 4.8 
Mbps for 10 hours a day, for a total of 5 days. We constructed 2 kinds of control cells, 
one grown in 37°C and the other grown in 39°C. After 5 days of Wi-Fi exposure from the 
smartphone, the cells underwent cell proliferation assay, apoptosis assay, and flow 
cytometry analysis. Three growth factors, vascular endothelial growth factor, hepatocyte 
growth factor, and transforming growth factor-3, were measured from ASC-conditioned 
media. Cell proliferation rate was higher in Wi-Fi-exposed cells and 39°C control cells 
compared with 37°C control cells. Apoptosis assay, flow cytometry analysis, and growth 
factor concentrations showed no remarkable differences among the 3 groups. We could 
not find any harmful effects of Wi-Fi electromagnetic signals from smartphones. The 
increased proliferation of ASCs under the smartphone, however, might be attributable to 
the thermal effect.

Somosy Z, Thuroczy G, Kubasova T, Kovacs J, Szabo LD, Effects of modulated and 
continuous microwave irradiation on the morphology and cell surface negative charge 
of 3T3 fibroblasts. Scanning Microsc 5(4):1145-1155, 1991
Mouse embryo 3T3 cells were irradiated with 2450 MHz continuous and low frequency
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(16 Hz) square modulated waves of absorbed energy ranging from 0.0024 to 2.4 mW/g. 
The low frequency modulated microwave irradiation yielded more morphological cell 
changes than did the continuous microwave fields of the same intensity. The amount of 
free negative charges (cationized ferritin binding) on cell surfaces decreased following 
irradiation by modulated waves but remained unchanged under the effect of a 
continuous field of the same dose. Modulated waves of 0.024 mW/g dose increased the 
ruffling activity of the cells, and caused ultrastructural alteration in the cytoplasm. Similar 
effects were experienced by continuous waves at higher (0.24 and 2.4 mW/g) doses.

Cleary, SF, Du, Z, Cao, G, Liu, LM, McCrady, C, Effect of isothermal radiofrequency 
radiation on cytolytic T lymphocytes. FASEB J 10(8):913-919. 1996.
Previous in vitro studies provide evidence that RF electromagnetic radiation modulates 
proliferation of human glioma, lymphocytes, and other cell types. The mechanism of RF 
radiation cell proliferation modulation, as well as mechanisms for effects on other cell 
physiologic endpoints, are not well understood. To obtain insight regarding interaction 
mechanisms, we investigated effects of RF radiation exposure on interleukin 2 (IL-2) - 
dependent proliferation of cytolytic T lymphocytes (CTLL-2). After exposure to RF 
radiation in the presence or absence of IL-2 cells were cultured at various physiological 
concentrations of IL-2. Treatment effects on CTLL-2 proliferation were determined by 
tritiated thymidine incorporation immediately or 24 h after exposure. Exposure to 2450 
MHz RIF radiation at specific absorption rates (SARs) of greater than 25 W/kg (induced E- 
field strength 98.4 V/m) induced a consistent, statistically significant reduction in CTLL-2 
proliferation, especially at low IL-2 concentrations. At lower SARs, 2450 MHz exposure 
increased CTLL-2 proliferation immediately after exposure but reduced 24 h 
postexposure proliferation. RF radiation effects depended on the mitotic stateof the cells 
at the time of exposure. Comparison of the effects of temperature elevation and RF 
radiation indicated significant qualitative and quantitative differences.

Obukhan KI, [The effect of ultrahigh-frequency radiation on adaptation thresholds and 
the damages to blood system cells]. Lik Sprava (7):71-73, 1998. [Article in Ukrainian] 
Cytologic investigations designed to study bone marrow, peripheral blood, spleen, and 
thymus of albino rats irradiated by an electromagnetic field, 2375, 2450, and 3000 MEGS, 
revealed structural and functional changes in populations of megakaryocytes, 
immunocompetent cells as well as of undifferentiated cells, and of other types of cells 
that are dependent on the intensity of irradiation and permit establishing the probability- 
threshold levels of exposure taking account of reactions of perception and physiologic 
adaptation together with compensatory and regenerative processes and the injury 
sustained. It is shown that changes in bone marrow cells differentiation and reproduction 
rather than integral shifts in the peripheral blood that acquire the utmost significance. 
Subjected to a particular scrutiny in the paper are blast cells, which cells' repopulation 
was noted to be getting increased in low-intensity exposure as were disturbances in their 
mitosis pattern.
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Margaritis LH, Manta AK, Kokkaliaris CD, Schiza D, Alimisis K, Barkas G, Georgiou E, 
Giannakopoulou O, Kollia I, Kontogianni G, Kourouzidou A, Myari A, Roumelioti F, 
Skouroliakou A, Sykioti V, Varda G, Xenos K, Ziomas K. Drosophila oogenesis as a bio
marker responding to EMF sources. Electromagn Biol Med. 2013 Aug 5. [Epub ahead of 
print]
The model biological organisms Drosophila melanogaster and Drosophila virilis have 
been utilized to assess effects on apoptotic cell death of follicles during oogenesis and 
reproductive capacity (fecundity) decline. A total of 280 different experiments were 
performed using newly emerged flies exposed for short time daily for 3-7 d to various 
EMF sources including: GSM 900/1800 MHz mobile phone, 1880-1900 MHz DECT wireless 
base, DECT wireless handset, mobile phone-DECT handset combination, 2.44 GHz 
wireless network (Wi-Fi), 2.44 GHz blue tooth, 92.8 MHz FM generator, 27.15 MHz baby 
monitor, 900 MHz CW RF generator and microwave oven's 2.44 GHz RF and magnetic 
field components. Mobile phone was used as a reference exposure system for evaluating 
factors considered very important in dosimetry extending our published work with D. 
melanogaster to the insect D. virilis. Distance from the emitting source, the exposure 
duration and the repeatability were examined. All EMF sources used created statistically 
significant effects regarding fecundity and cell death-apoptosis induction, even at very 
low intensity levels (0.3 V/m blue tooth radiation), well below ICNIRP's guidelines, 
suggesting that Drosophila oogenesis system is suitable to be used as a biomarker for 
exploring potential EMF bioactivity. Also, there is no linear cumulative effect when 
increasing the duration of exposure or using one EMF source after the other (i.e. mobile 
phone and DECT handset) at the specific conditions used. The role of the average versus 
the peak E-field values as measured by spectrum analyzers on the final effects is 
discussed.

Marjanovic AM, Pavicic I, Trosic IBiological indicators in response to 
radiofrequency/microwave exposure. Arh Hig Rada Toksikol. 2012 Sep 25;63(3):407- 
416, 2012.
Over the years, due to rapid technological progress, radiation from man-made sources 
exceeded that of natural origin. There is a general concern regarding a growing number 
of appliances that use radiofrequency/ microwave (RF/MW) radiation with particular 
emphasis on mobile communication systems. Since nonthermal biological effects and 
mechanisms of RF/MW radiation are still uncertain, laboratory studies on animal models, 
tissues, cells, and cell free system are of extraordinary importance in bioelectromagnetic 
research. We believe that such investigations play a supporting role in public risk 
assessment. Cellular systems with the potential for a clear response to RF/MW exposures 
should be used in those studies. It is known that organism is a complex electrochemical 
system where processes of oxidation and reduction regularly occur. One of the plausible 
mechanisms is connected with generation of reactive oxygen species (ROS). Depending 
on concentration, ROS can have both benefi cial and deleterious effects. Positive effects 
are connected with cell signalling, defence against infectious agents, and proliferative cell 
ability. On the other hand, excessive production, which overloads antioxidant defence 
mechanism, leads to cellular damage with serious potential for disease development.
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ROS concentration increase within the cell caused by RF/MW radiation seems to be a 
biologically relevant hypothesis to give clear insight into the RF/MW action at non
thermal level of radiation. In order to better understand the exact mechanism of action 
and its consequences, further research is needed in the fi eld. We would like to present 
current knowledge on possible biological mechanisms of RF/MW actions.

Peinnequin A, Piriou A, Mathieu J, Dabouis V, Sebbah C, Malabiau R, Debouzy JC Non
thermal effects of continuous 2.45 GHz microwaves on Fas-induced apoptosis in human 
Jurkat T-cell line. Bioelectrochemistry 51(2):157-161, 2000.
Non-thermal effects of microwaves (MWs) are one of the main issues studied for revising 
standards. The effects of MW exposure on apoptosis at non-thermal level (48 h, 2.45 
GHz, 5 mW/cm2) have been studied. Results obtained assess non-thermal MW effects on 
Fas, but neither on butyrate- nor on ceramide-induced apoptosis in human Jurkat T-cell 
line. These data show that MW interacts either with Fas pathway between receptor and 
caspase-3 activation or on membrane proteins (i.e. Fas receptor or 
neurosphyngomyelinase).

Koyama S, Narita E, Suzuki Y, Taki M, Shinohara N, Miyakoshi J. Effect of a 2.45-GHz 
radiofrequency electromagnetic field on neutrophil chemotaxis and phagocytosis in 
differentiated human HL-60 cells.J Radiat Res. 2014 Sep 5. pii: rru075. [Epub ahead of 
print]
The potential public health risks of radiofrequency (RF) fields have been discussed at 
length, especially with the use of mobile phones spreading extensively throughout the 
world. In order to investigate the properties of RF fields, we examined the effect of 2.45- 
GHz RF fields at the specific absorption rate (SAR) of 2 and 10 W/kg for 4 and 24 h on 
neutrophil chemotaxis and phagocytosis in differentiated human HL-60 cells. Neutrophil 
chemotaxis was not affected by RF-field exposure, and subsequent phagocytosis was not 
affected either compared with that under sham exposure conditions. These studies 
demonstrated an initial immune response in the human body exposed to 2.45-GHz RF 
fields at the SAR of 2 W/kg, which is the maximum value recommended by the 
International Commission for Non-Ionizing Radiation Protection (ICNIRP) guidelines. The 
results of our experiments for RF-field exposure at an SAR under 10 W/kg showed very 
little or no effects on either chemotaxis or phagocytosis in neutrophil-like human HL-60 
cells.

Koyama S, Isozumi Y, Suzuki Y, Taki M, Miyakoshi J. Effects of 2.45-GHz electromagnetic 
fields with a wide range of SARs on micronucleus formation in CHO-K1 cells. 
ScientificWorldJournal 4 Suppl 2:29-40, 2004.
There has been considerable discussion about the influence of high-frequency 
electromagnetic fields (HFEMF) on the human body. In particular, HFEMF used for mobile 
phones may be of great concern for human health. In order to investigate the properties 
of HFEMF, we have examined the effects of 2.45-GHz EMF on micronucleus (MN) 
formation in Chinese hamster ovary (CHO)-K1 cells. MN formation is induced by 
chromosomal breakage or inhibition of spindles during cell division and leads to cell
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damage. We also examined the influence of heat on MN formation, since HFEMF 
exposure causes a rise in temperature. CHO-K1 cells were exposed to HFEMF for 2 h at 
average specific absorption rates (SARs) of 5, 10, 20, 50, 100, and 200 W/kg, and the 
effects on these cells were compared with those in sham-exposed control cells. The cells 
were also treated with bleomycin alone as a positive control or with combined treatment 
of HFEMF exposure and bleomycin. Heat treatment was performed at temperatures of 
37, 38, 39, 40, 41, and 42 degrees C. The MN frequency in cells exposed to HFEMF at a 
SAR of lower than 50 W/kg did not differ from the sham-exposed controls, while those at 
SARs of 100 and 200 W/kg were significantly higher when compared with the sham- 
exposed controls. There was no apparent combined effect of HFEMF exposure and 
bleomycin treatment. On heat treatment at temperatures from 38-42 degrees C, the MN 
frequency increased in a temperature-dependent manner. We also showed that an 
increase in SAR causes a rise in temperature and this may be connected to the increase in 
MN formation generated by exposure to HFEMF.

Inoue S, Motoda H, Koike Y, Kawamura K, Hiragami F, Kano Y. Microwave irradiation 
induces neurite outgrowth in PC12m3 cells via the p38 mitogen-activated protein 
kinase pathway. Neurosci Lett.432H):35-39,2008.
The increasing use of mobile phone communication has raised concerns about possible 
health hazard effects of microwave irradiation. We investigated damage and 
differentiation caused by microwave irradiation on drug-hypersensitive PC12 cell line 
(PC12m3). These cells showed enhancement of neurite outgrowth to various stimulants. 
The frequency of neurite outgrowth induced by 2.45GHz (200W) of microwave 
irradiation was approximately 10-fold greater than that of non-irradiated control cells. 
Incubation of PC12m3 cells with SB203580, a specific inhibitor of p38 MAPK, resulted in 
marked inhibition of the microwave radiation-induced neurite outgrowth. Also, 
activation of the transcription factor CREB induced by microwave irradiation was 
inhibited by SB203580. Heat shock treatment at 45 degrees C had a strong toxic effect on 
PC12m3 cells, whereas microwave treatment had no toxic effect on PC12m3 cells. These 
findings indicate that p38 MAPK is responsible for the survival of PC12m3 cells and might 
induce neurite outgrowth via a CREB signaling pathway when subjected to microwave 
irradiation.

Effects on Behavior

Thomas S, Heinrich S, von Kries R, Radon K. Exposure to radio-frequency 
electromagnetic fields and behavioural problems in Bavarian children and adolescents. 
Eur J Epidemiol. 25(2):135-141, 2010.
Only few studies have so far investigated possible health effects of radio-frequency 
electromagnetic fields (RF EMF) in children and adolescents, although experts discuss a 
potential higher vulnerability to such fields. We aimed to investigate a possible 
association between measured exposure to RF EMF fields and behavioural problems in 
children and adolescents. 1,498 children and 1,524 adolescents were randomly selected
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from the population registries of four Bavarian (South of Germany) cities. During an 
Interview data on participants' mental health, socio-demographic characteristics and 
potential confounders were collected. Mental health behaviour was assessed using the 
German version of the Strengths and Difficulties Questionnaire (SDQ). Using a personal 
dosimeter, we obtained radio-frequency EMF exposure profiles over 24 h. Exposure 
levels over waking hours were expressed as mean percentage of the reference level. 
Overall, exposure to radiofrequency electromagnetic fields was far below the reference 
level. Seven percent of the children and 5% of the adolescents showed an abnormal 
mental behaviour. In the multiple logistic regression analyses measured exposure to RF 
fields in the highest quartile was associated to overall behavioural problems for 
adolescents (OR 2.2; 95% CI 1.1-4.5) but not for children (1.3; 0.7-2.6). These results are 
mainly driven by one subscale, as the results showed an association between exposure 
and conduct problems for adolescents (3.7; 1.6-8.4) and children (2.9; 1.4-5.9). As this is 
one of the first studies that investigated an association between exposure to mobile 
telecommunication networks and mental health behaviour more studies using personal 
dosimetry are warranted to confirm these findings.

Yuan K, Qin W, Wang G, Zeng F, Zhao L, Yang X, Liu P, Liu J, Sun J, von Deneen KM,
Gong Q, Liu Y, Tian J. Microstructure abnormalities in adolescents with internet 
addiction disorder. PLoS One.6(6):e20708, 2011.
BACKGROUND: Recent studies suggest that internet addiction disorder (IAD) is 
associated with structural abnormalities in brain gray matter. However, few studies have 
investigated theeffects of internet addiction on the microstructural integrity of major 
neuronal fiber pathways, and almost no studies have assessed the microstructural 
changes with the duration of internet addiction. METHODOLOGY/PRINCIPAL FINDINGS: 
We investigated the morphology of the brain in adolescents with IAD (N = 18) using an 
optimized voxel-based morphometry (VBM) technique, and studied the white matter 
fractional anisotropy (FA) changes using the diffusion tensor imaging (DTI) method, 
linking these brain structural measures to the duration of IAD. We provided evidences 
demonstrating the multiple structural changes of the brain in IAD subjects. VBM results 
indicated the decreased gray matter volume in the bilateral dorsolateral prefrontal 
cortex (DLPFC), the supplementary motor area (SMA), the orbitofrontal cortex (OFC), the 
cerebellum and the left rostral ACC (rACC). DTI analysis revealed the enhanced FA value 
of the left posterior limb of the internal capsule (PLIC) and reduced FA value in the white 
matter within the right parahippocampal gyrus (PHG). Gray matter volumes of the DLPFC, 
rACC, SMA, and white matter FA changes of the PLIC were significantly correlated with 
the duration of internet addiction in the adolescents with IAD.CONCLUSIONS: Our results 
suggested that long-term internet addiction would result in brain structural alterations, 
which probably contributed to chronic dysfunction in subjects with IAD. The current 
study may shed further light on the potential brain effects of IAD.

Hirata A, Kojima M, Kawai H, Yamashiro Y, Watanabe S, Sasaki H, Fujiwara O. Acute 
dosimetry and estimation of threshold inducing behavioral signs of thermal stress in 
rabbits at 2.45-GHz microwave exposure. IEEE Trans Biomed Eng. 57(5):1234-42, 2010.
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In the current international guidelines and standards for human exposure to microwaves, 
the basic restriction is determined by the whole-body average specific absorption rate 
(SAR). The basis for the guidelines is the adverse effect such as work stoppage in animals 
for whole-body average SARs above a certain level. Although it is known that absorbed 
microwave energy causes the behavioral sign of thermal stress, the relationship of 
whole-body average SAR with temperature/temperature elevation has not been 
sufficiently investigated. In the present study, we performed experiments on rabbits 
exposed to 2.45-GHz microwaves. A total of 24 measurements were conducted for 
power densities from approximately 100 to 1,000 W/m2. Our computational code for 
electromagnetic-thermal dosimetry was used to set the exposure time duration and 
incident power density. Our experimental results suggest that a core temperature 
elevation of 1oC is an estimate of the threshold inducing complex behavioral signs of 
microwave-induced thermal stress in rabbits for different whole-body average SARs and 
exposure time durations. The whole-body average SAR required for microwave-induced 
behavioral sign in rabbits was estimated as approximately 1.3 W/kg for 2.45-GHz 
microwaves.

Duan L, Shan Y, Yu X, [Observations of changes in neurobehavioral functions in 
workers exposed to high-frequency radiation]. Chung Hua Yu Fang I Hsueh Tsa Chih 
32(2):109-111, 1998. [Article in Chinese]
OBJECTIVE: To study the effects of exposure to high-frequency radiation on 
neurobehavioral function of the exposed workers and its measurement in evaluating 
occupational hazards caused by it. METHODS: Four neurobehavioral functions were 
tested for the workers exposed to high-frequency radiation with Neurobehavioral Core 
Tests Battery recommended by WHO. RESULTS: Scores for various indicators in exposed 
workers were significantly lower than those in controls, and correlated to the detection 
of neurasthenia in the exposed workers, to certain extent. CONCLUSION: Changes in 
neurobehavioral function in workers exposed to high-frequency radiation can reflect its 
important adverse effects.

Immune Function

Li CY, Liao MH, Lin CW, Tsai WS, Huang CC, Tang TK. Inhibitory Effects of Microwave 
Radiation on LPS-Induced NFkB Expression in THP-1 Monocytes. Chin J Physiol. 
55(6):421-427, 2012.
Microwave radiations can be encountered regularly in daily lives. When WHO announced 
that microwave radiations were a kind of environmental energy which interfere with the 
physiological functions of the human body, great concerns have been raised over the 
damages microwave frequencies can do to human physiology. The immunological 
performance and the activities of the cellular inflammatory factor NFkB have been 
closely related in monocyte. Due to the effect of phorbol 12-myristate 13-acetate (PMA) 
on THP-1 monocytes, THP-1 monocytes would differentiate into macrophages and would 
then react with lipopolysaccharides (LPS), and the amount of NFkB increased in the THP-
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1 monocytes. Expression of cytokine is affected when cells are exposed to a frequency of 
2450 MHz and at 900 W. Thus, in our experiments, an observation was made when THP- 
1 monocytes were stimulated with PMA and LPS to differentiate into macrophage, the 
amount of NFkB in cells increased exponentially, and the levels of NFkB expression were 
decreased by the exposure of microwave radiation. In conclusion, microwave radiations 
were found to inhibit the activity functions of THP-1 monocytes stimulated with PMA and 
LPS.

Elekes, E, Thuroczy, G, Szabo, LD, Effect on the immune system of mice exposed 
chronically to 50 Hz amplitude-modulated 2.45 GHz microwaves. Bioelectromagnetics 
17(3):246-248, 1996.
The effect of continuous (CW; 2.45 GHz carrier frequency) or amplitude-modulated (AM; 
50 Hz square wave) microwave radiation on the immune response was tested. CW 
exposures (6 days, 3 h/day) induced elevations of the number of antibody-producing cells 
in the spleen of male Balb/c mice (+37%). AM microwave exposure induced elevation of 
the spleen index (+15%) and antibody-producing cell number (+55%) in the spleen of 
male mice. No changes were observed in female mice. It is concluded that both types of 
exposure conditions induced moderate elevation of antibody production only in male 
mice.

Effects on Protein

George DF, Bilek MM, McKenzie DR.Non-thermal effects in the microwave induced 
unfolding of proteins observed by chaperone binding. Bioelectromagnetics 29(4):324- 
330, 2008.
We study the effect of microwaves at 2,450 MHz on protein unfolding using surface 
plasmon resonance sensing. Our experimental method makes use of the fact that 
unfolding proteins tend to bind to chaperones on their unfolding pathway and this 
attachment is readily monitored by surface plasmon resonance. We use the protein 
citrate synthase (CS) for this study as it shows strong binding to the chaperone alpha 
crystallin when stressed by exposure to excess temperature. The results of microwave 
heating are compared with the effect of ambient heating and a combination of ambient 
and microwave heating to the same final temperature. We study the temperature 
distributions during the heating process. We show that microwaves cause a significantly 
higher degree of unfolding than conventional thermal stress for protein solutions heated 
to the same maximum temperature.

Electromagnetic Hypersensitivity

Nordin S, Neely G, Olsson D, Sandstrom M. Odor and Noise Intolerance in Persons with 
Self-Reported Electromagnetic Hypersensitivity. Int J Environ Res Public Health. 
11(9):8794-8805, 2014.
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Lack of confirmation of symptoms attributed to electromagnetic fields (EMF) and 
triggered by EMF exposure has highlighted the role of individual factors. Prior 
observations indicate intolerance to other types of environmental exposures among 
persons with electromagnetic hypersensitivity (EHS). This study assessed differences in 
odor and noise intolerance between persons with EHS and healthy controls by use of 
subscales and global measures of the Chemical Sensitivity Scale (CSS) and the Noise 
Sensitivity Scale (NSS). The EHS group scored significantly higher than the controls on all 
CSS and NSS scales. Correlation coefficients between CSS and NSS scores ranged from 
0.60 to 0.65 across measures. The findings suggest an association between EHS and odor 
and noise intolerance, encouraging further investigation of individual factors for 
understanding EMF-related symptoms.

Landgrebe M, Hauser S, Langguth B, Frick U, Hajak G, Eichhammer P. Altered cortical 
excitability in subjectively electrosensitive patients: results of a pilot study. J 
Psychosom Res. 62(3):283-288, 2007.
OBJECTIVE: Hypersensitivity to electromagnetic fields is frequently claimed to be linked 
to a variety of unspecific somatic and/or neuropsychological complaints. Whereas 
provocation studies often failed to demonstrate a causal relationship between 
electromagnetic field exposure and symptom formation, neurophysiological 
examinations highlight baseline deviations in people claiming to be electrosensitive. 
METHODS: To elucidate a potential role of dysfunctional cortical regulations in mediating 
hypersensitivity to electromagnetic fields, cortical excitability parameters were measured 
by transcranial magnetic stimulation in subjectively electrosensitive patients (n=23) and 
two control groups (n=49) differing in their level of unspecific health complaints.
RESULTS: Electrosensitive patients showed reduced intracortical facilitation as compared 
to both control groups, while motor thresholds and intracortical inhibition were 
unaffected. CONCLUSIONS: This pilot study gives additional evidence that altered central 
nervous system function may account for symptom manifestation in subjectively 
electrosensitive patients as has been postulated for several chronic multisymptom 
illnesses sharing a similar clustering of symptoms.

Hagstrom M, Auranen J, Ekman R. Electromagnetic hypersensitive Finns: Symptoms, 
perceived sources and treatments, a questionnaire study. Pathophysiology. 2013 Apr 
1. pii: S0928-4680(13)00002-3.
The aim was to analyze the subjective experiences of Finns who describe themselves as 
suffering from electromagnetic hypersensitivity (EHS), their symptoms, self-perceived 
sources of the health complaints and the effectiveness of medical and complementary 
alternative therapies. A total of 395 questionnaires were mailed to self-diagnosed EHS 
persons. Of the participants 345 belonged to a Finnish self-help group and 50 came from 
outside of the group. The return rate of the study was 52.1% (206) and 80.9% of the 
respondents were women. Before the onset of EHS the most common health complaints 
were different types of allergies (35.1%, 68). During the acute phase of EHS the most 
common symptoms were nervous system related: "stress" (60.3%, 117), "sleeping 
disorders" (59.3%, 115) and "fatigue" (57.2%, 111). The sources that were most often
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reported to have triggered EHS were: "personal computers" (50.8%, 94) and "mobile 
phones" (47.0%, 87). The same devices were also claimed to cause the most symptoms 
during the acute phase. After the acute phase of EHS had passed, the respondents still 
claimed to react to these same digital and wireless devices while their reactions to basic 
electrical appliances were reduced. According to 76% of 157 respondents the reduction 
or avoidance of electromagnetic fields (EMF) helped in their full or partial recovery. The 
best treatments for EHS were given as: "dietary change" (69.4%), "nutritional 
supplements" (67.8%) and "increased physical exercise" (61.6%). The official treatment 
recommendations of psychotherapy (2.6%) and medication (-4.2%) were not significantly 
helpful. According to the present results the official treatment protocols should take 
better account the EHS person's own experiences. The avoidance of electromagnetic 
radiation and fields effectively removed or lessened the symptoms in EHS persons.

Landgrebe M, Frick U, Hauser S, Langguth B, Rosner R, Hajak G, Eichhammer P. 
Cognitive and neurobiological alterations in electromagnetic hypersensitive patients: 
results of a case-control study. Psychol Med. 38(12):1781-1791, 2008.
BACKGROUND: Hypersensitivity to electromagnetic fields (EMF) is frequently claimed to 
be linked to a variety of non-specific somatic and neuropsychological complaints. 
Whereas provocation studies often failed to demonstrate a causal relationship between 
EMF exposure and symptom formation, recent studies point to a complex interplay of 
neurophysiological and cognitive alterations contributing to symptom manifestation in 
electromagnetic hypersensitive patients (EHS). However, these studies have examined 
only small sample sizes or have focused on selected aspects. Therefore this study 
examined in the largest sample of EHS EMF-specific cognitive correlates, discrimination 
ability and neurobiological parameters in order to get further insight into the 
pathophysiology of electromagnetic hypersensitivity. METHOD: In a case-control design 
89 EHS and 107 age- and gender-matched controls were included in the study. Health 
status and EMF-specific cognitions were evaluated using standardized questionnaires. 
Perception thresholds following single transcranial magnetic stimulation (TMS) pulses to 
the dorsolateral prefrontal cortex were determined using a standardized blinded 
measurement protocol. Cortical excitability parameters were measured by TMS. 
RESULTS: Discrimination ability was significantly reduced in EHS (only 40% of the EHS but 
60% of the controls felt no sensation under sham stimulation during the complete 
series), whereas the perception thresholds for real magnetic pulses were comparable in 
both groups (median 21% versus 24% of maximum pulse intensity). Intra-cortical 
facilitation was decreased in younger and increased in older EHS. In addition, typical 
EMF-related cognitions (aspects of rumination, symptom intolerance, vulnerability and 
stabilizing self-esteem) specifically differentiated EHS from their controls. CONCLUSIONS: 
These results demonstrate significant cognitive and neurobiological alterations pointing 
to a higher genuine individual vulnerability of electromagnetic hypersensitive patients.

Landgrebe M, Frick U, Hauser S, Hajak G, Langguth B. Association of tinnitus and 
electromagnetic hypersensitivity: hints for a shared pathophysiology? PLoS 
One.4(3):e5026, 2009.
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BACKGROUND: Tinnitus is a frequent condition with high morbidity and impairment in 
quality of life. The pathophysiology is still incompletely understood. Electromagnetic 
fields are discussed to be involved in the multi-factorial pathogenesis of tinnitus, but data 
proofing this relationship are very limited. Potential health hazards of electromagnetic 
fields (EMF) have been under discussion for long. Especially, individuals claiming 
themselves to be electromagnetic hypersensitive suffer from a variety of unspecific 
symptoms, which they attribute to EMF-exposure. The aim of the study was to elucidate 
the relationship between EMF-exposure, electromagnetic hypersensitivity and tinnitus 
using a case-control design. METHODOLOGY: Tinnitus occurrence and tinnitus severity 
were assessed by questionnaires in 89 electromagnetic hypersensitive patients and 107 
controls matched for age-, gender, living surroundings and workplace. Using a logistic 
regression approach, potential risk factors for the development of tinnitus were 
evaluated. FINDINGS: Tinnitus was significantly more frequent in the electromagnetic 
hypersensitive group (50.72% vs. 17.5%) whereas tinnitus duration and severity did not 
differ between groups. Electromagnetic hypersensitivity and tinnitus were independent 
risk factors for sleep disturbances. However, measures of individual EMF-exposure like 
e.g. cell phone use did not show any association with tinnitus. CONCLUSIONS: Our data 
indicate that tinnitus is associated with subjective electromagnetic hypersensitivity. An 
individual vulnerability probably due to an over activated cortical distress network seems 
to be responsible for, both, electromagnetic hypersensitivity and tinnitus. Hence, 
therapeutic efforts should focus on treatment strategies (e.g. cognitive behavioral 
therapy) aiming at normalizing this dysfunctional distress network.

Effects on Critical Organs

Phelan AM, Neubauer CF, Timm R, Neirenberg J, Lange DG, Athermal alterations in the 
structure of the canalicular membrane and ATPase activity induced by thermal levels of 
microwave radiation. Radiat Res 137(1):52-58, 1994.
Sprague-Dawley rats (200-250 g) were exposed 30 min/day for 4 days to thermogenic 
levels (rectal temperature increase of 2.2 degrees C) of microwave radiation [2.45 GHz,
80 mW/cm2, continuous-wave mode (CW)] or to a radiant heat source resulting in an 
equivalent increase in body temperature of 2.2 degrees C. On the fifth day after the 4 
days of exposure to microwave radiation, the animals were sacrificed and their livers 
removed. The canalicular membranes were isolated and evaluated for 
adenosinetriphosphatase (ATPase) activity, total fatty acid composition and membrane 
fluidity characteristics. Mg(++)-ATPase activity (Vmax) decreased by 48.5% in the group 
exposed to microwave radiation, with no significant change in the group exposed to 
radiant heat. The decrease in Mg(++)-ATPase was partially compensated by a 
concomitant increase in Na+/K(+)-ATPase activity (170% increase in Vmax over control) in 
animals exposed to microwave radiation, while no change occurred in the group exposed 
to radiant heat. This alteration in ATPase activity in the group exposed to microwave 
radiation is associated with a large decrease in the ratio of saturated to unsaturated fatty 
acids. Conversely, the group exposed to radiant heat had an increase in the ratio of
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saturated to unsaturated fatty acids. The most dramatic changes were found in the levels 
of arachidonic acid. Finally, the electron paramagnetic resonance (EPR) spin label 
technique used to measure the fluidity of the canalicular membranes of the animals in 
the three groups (sham, microwave radiation and radiant heat) indicated that the results 
were different in the three groups, reflecting the changes found in their fatty acid 
composition. The physiological response to "equivalent" thermal loads in rats is 
expressed differently for different types of energy sources. Possible mechanisms 
producing these divergent thermogenic responses are discussed.

Lange DG, D'Antuono ME, Timm RR, Ishii TK, Fujimoto JM. Differential response of the 
permeability of the rat liver canalicular membrane to sucrose and mannitol following in vivo 
acute single and multiple exposures to microwave radiation (2.45 GHz) and radiant-energy 
thermal stress. Radiat Res 134(1):54-62, 1993.
Both acute and chronic exposures to microwave radiation altered the function of the rat 

canalicular membrane. A single acute exposure to microwave radiation [80 mW/cm2,
2.45 GHz, continuous wave, 30 min exposure (SAR approximately equal to 72 W/kg)] or a 
matched radiant-energy thermal load, both designed to raise core body temperature 
approximately 3 degrees C, decreased the permeability of the canalicular membrane of 
male Sprague-Dawley rats to sucrose. The change in canalicular membrane permeability 
was demonstrated by a significant increase in the percentage of [3H]sucrose recovered in 
bile following its administration by a segmented retrograde intrabiliary injection. Similar 
acute exposures to microwave and radiant-energy thermal sources produced no 
significant alterations in canalicular membrane permeability to [14C]mannitol. In both 
acute exposure protocols, a rapidly reversible increase in bile flow rate was observed. 
Four exposures (30 min/day x 4 days) to either microwave radiation (80 mW/cm2) or a 
matched radiant-energy thermal load resulted in a significant depression in bile flow rate 
at normothermic temperatures. Animals receiving multiple exposures to microwave 
radiation had significant decreases in canalicular membrane permeability to both 
[3H]sucrose and [14C]mannitol, while similar exposure to radiant-energy thermal load 
alone altered canalicular membrane permeability to [3H]sucrose. An examination of the 
hepatic clearance of sucrose and mannitol following acute microwave exposure 
demonstrated no significant differences. Thus acute single exposure to microwave and 
radiant-energy thermal loads produced similar alterations in canalicular membrane 
permeability. Conversely, multiple exposures produced nonreversible changes in bile 
flow rate and canalicular membrane permeability, with microwave exposure producing 
greater alterations in the function of the canalicular membrane than an equivalent 
radiant-energy thermal load.

Somosy Z, Thuroczy G, Kovacs J, Effects of modulated and continuous microwave 
irradiation on pyroantimonate precipitable calcium content in junctional complex of 
mouse small intestine. Scanning Microsc 7(4):1255-1261, 1993.
The pyroantimonate precipitable calcium content of intestinal epithelial cells was 
investigated in mice following total body irradiation with 2450 MHz continuous and low 
frequency (16 Hz) square modulated waves. In the control animals the reaction products
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appeared in the intercellular space of adjacent cells including intermediate junctions and 
desmosomes and were absent in the area of tight junctions. Immediately after low 
frequency modulated microwave irradiation at 0.5 and 1 mW/cm2 power densities, a 
rapid distribution of pyroantimonate precipitable calcium content was observed. The 
pyroantimonate deposits were located on the cytoplasmic side of lateral membrane, in 
the area of junctional complex, including tight junction, and in other parts of lateral 
plasma membrane. These changes were reversible and 24 hours after the irradiation the 
distribution of pyroantimonate deposits was similar to the control. Continuous waves 
with same energy not altered the distribution of precipitable calcium. We conclude the 
low frequency modulated microwave irradiation can modify the calcium distribution 
without heat effects.

Effects on Sleep

Liu H, Chen G, Pan Y, Chen Z, Jin W, Sun C, Chen C, Dong X, Chen K, Xu Z, Zhang S, Yu Y. 
(2014) Occupational Electromagnetic Field Exposures Associated with Sleep Quality: A 
Cross-Sectional Study. PLoS ONE 9(10): e110825. doi:10.1371/journal.pone.0110825.

BACKGROUND: Exposure to electromagnetic field (EMF) emitted by mobile phone and 
other machineries concerns half the world's population and raises the problem of their 
impact on human health. The present study aims to explore the effects of 
electromagnetic field exposures on sleep quality and sleep duration among workers from 
electric power plant. METHODS: A cross-sectional study was conducted in an electric 
power plant of Zhejiang Province, China. A total of 854 participants were included in the 
final analysis. The detailed information of participants was obtained by trained 
investigators using a structured questionnaire, which including socio-demographic 
characteristics, lifestyle variables, sleep variables and electromagnetic exposures.
Physical examination and venous blood collection were also carried out for every study 
subject. RESULTS: After grouping daily occupational electromagnetic exposure into three 
categories, subjects with long daily exposure time had a significantly higher risk of poor 
sleep quality in comparison to those with short daily exposure time. The adjusted odds 
ratios were 1.68 (95%CI: 1.18, 2.39) and 1.57 (95%CI: 1.10, 2.24) across tertiles. 
Additionally, among the subjects with long-term occupational exposure, the longer daily 
occupational time apparently increased the risk of poor sleep quality (OR (95%CI): 2.12 
(1.23~3.66) in the second tertile; 1.83 (1.07~3.15) in the third tertile). There was no 
significant association of long-term occupational exposure duration, monthly electric fee 
or years of mobile-phone use with sleep quality or sleep duration. CONCLUSIONS: The 
findings showed that daily occupational EMF exposure was positively associated with 
poor sleep quality. It implies EMF exposure may damage human sleep quality rather than 
sleep duration.
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Synergistic Health Effects - RF and Other Agents

Zhang MB, He JL, Jin LF, Lu DQ. Study of low-intensity 2450-MHz microwave exposure 
enhancing the genotoxic effects of mitomycin C using micronucleus test and comet 
assay in vitro. Biomed Environ Sci 15(4):283-290, 2002.
OBJECTIVE: To determine the interaction between 2450-MHz microwaves (MW) 
radiation and mitomycin C (MMC). METHODS: The synergistic genotoxic effects of low- 
intensity 2450-MHz microwave and MMC on human lymphocytes were studied using 
single cell gel electrophoresis (SCGE) assay (comet assay) and cytokinesis-blocked 
micronucleus (CBMN) test in vitro. The whole blood cells from a male donor and a female 
donor were either only exposed to 2450-MHz microwaves (5.0 mW/cm2) for 2 h or only 
exposed to MMC (0.0125 microgram/mL, 0.025 microgram/mL and 0.1 microgram/mL) 
for 24 h; and the samples were exposed to MMC for 24 h after exposure to MW for 2 h. 
RESULTS: In the comet assay, the comet lengths (29.1 microns and 25.9 microns) of MW 
were not significantly longer than those (26.3 microns and 24.1 microns) of controls (P > 
0.05). The comet lengths (57.4 microns, 68.9 microns, 91.4 microns, 150.6 microns, 71.7 
microns, 100.1 microns, 145.1 microns) of 4 MMC groups were significantly longer than 
those of controls (P < 0.01). The comet lengths (59.1 microns, 92.3 microns, 124.5 
microns, 182.7 microns and 57.4 microns, 85.5 microns, 137.5 microns, 178.3 microns) of 
4 MW plus MMC groups were significantly longer than those of controls too (P < 0.01). 
The comet lengths of MW plus MMC groups were significantly longer than those of the 
corresponding MMC doses (P < 0.05 or P < 0.01) when the doses of MMC were > or = 
0.025 microgram/mL. In the CBMN, the micronucleated cell (MNC) rates of MW were 
5@1000 and 6@1000, which showed no difference compared with those (4@1000 and 
4@1000) of controls (P > 0.05). The MNC rates of 4 MMC groups were 8@1000, 9@1000, 
14@1000, 23@1000 and 8@1000, 8@1000, 16@1000, 30@1000 respectively. When the 
doses of MMC were > or = 0.05 microgram/mL, MNC rates of MMC were higher than 
those of controls (P < 0.05). MNC rates of 4 MW plus MMC groups were 12@1000, 
13@1000, 20@1000, 32@1000 and 8@1000, 9@1000, 23@1000, 40@1000. When the 
doses of MMC were > or = 0.05 microgram/mL, MNC rates of MW plus MMC groups 
were much higher than those of controls (P < 0.01). MNC rates of 4 MW plus MMC 
groups were not significantly higher than those of the corresponding MMC doses. 
CONCLUSION: The low-intensity 2450-MHz microwave radiation can not induce DNA and 
chromosome damage, but can increase DNA damage effect induced by MMC in comet 
assay.

Zhang MB, Jin LF, He JL, Hu J, Zheng W. [Effects of 2,450 MHz microwave on DNA 
damage induced by three chemical mutagens in vitro] Zhonghua Lao Dong Wei Sheng 
Zhi Ye Bing Za Zhi. 21(4):266-269, 2003. [Article in Chinese]
OBJECTIVE: To study the combined damage-effects of low-intensity 2,450 MHz 
microwave (MW) with three chemical mutagens on human lymphocyte DNA. METHODS: 
DNA damage of lymphocytes exposed to microwave and(or) with chemical mutagens 
were observed at different incubation time (0 h or 21 h) with comet assay in vitro. Three
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combination-exposure ways of MW with chemicals were used: MW irradiation before 
chemical exposures, simultaneously exposed to MW and chemicals and MW irradiation 
after chemical exposures. The three chemical mutagens were mitomycin C (MMC, DNA 
crosslinker), bleomycin (BLM, radiometric agent), methyl methanesulfonate (MMS, 
alkylating agent). The exposure time of MW and chemical mutagens were 2 h and 3 h 
respectively. RESULTS: The differences of comet tail length between MW group and 
control group were not significant when lymphocytes were incubated for 0 h or 21 h (P 
>0.05). However, when lymphocytes were incubated for 21 h with 30.00 micro mol/L of 
MMC, the comet tail lengths of MW + MMC group, MW-MMC group and MMC + MW 
group were (18.00 +/- 5.96), (21.79 +/- 11.47) and (22.32 +/- 8.10) micro m respectively; 
while with 3.00 micro mol/L of MMC, the comet tail lengths were (8.99 +/- 3.75), (12.40 
+/- 5.35) and (14.00 +/- 5.38) micro m respectively, which were significantly higher than 
those of corresponding MMC groups [(9.42 +/- 3.34) and (6.50 +/- 2.89) micro m, P < 0.01 
or P < 0.05]. The DNA damage of MW plus BLM groups and MW plus MMS groups were 
not significantly different from the corresponding BLM and MMS groups (P < 0.05). 
CONCLUSION: 2 450 MHz MW (5 mW/cm(2)) did not induce DNA damage directly, but 
could enhance the DNA damage effects induced by MMC. The synergistic effects of 2 450 
MHz MW with BLM and MMS were not obvious.

Nelson BK, Conover DL, Shaw PB, Snyder DL, Edwards RM, Interactions of 
radiofrequency radiation on 2-methoxyethanol teratogenicity in rats. J Appl Toxicol 
17(1):31-39, 1997.
Concurrent exposures to chemical and physical agents occur in the workplace; exposed 
workers include those involved with microelectronics industry, plastic sealers and 
electrosurgical units. Previous animal research indicates that hyperthermia induced by an 
elevation in ambient temperature can potentiate the toxicity and teratogenicity of some 
chemical agents. We previously demonstrated that combined exposure to 
radiofrequency (r.f.; 10 MHz) radiation, which also induces hyperthermia and is 
teratogenic to exposed animals, and the industrial solvent 2-methoxyethanol (2ME) 
produces enhanced teratogenicity in rats. A subsequent study replicated and extended 
that research by investigating the interactive dose-related teratogenicity of r.f. radiation 
(sham exposure or maintaining colonic temperatures at 42.0 degrees C for 0, 10, 20 or 30 
min by r.f. radiation absorption) and 2ME (0, 75, 100, 125 or 150 mg/kg) on gestation 
days 9 or 13 of rats. The purpose of the present research is to determine the effects of 
r.f. radiation (sufficient to maintain colonic temperatures at 42.0 degrees C for 10 min) 
on a range of doses of 2ME (0, 20, 40, 60, 80, 100, 120 and 140 mg kg-1) administered on 
gestation day 13of rats. Focusing on characterizing the dose-response pattern of 
interactions, this research seeks to determine the lowest interactive effect level. Day 20 
fetuses were examined for external and skeletal malformations. The results are 
consistent with previous observations. Dose-related developmental toxicity was 
observed for 2ME both in the presence and absence of r.f. radiation. However, 
concurrent RF radiation exposure changed the shape of the dose-effect curve of 2ME. 
These data indicate that combined exposure effects should be considered when 
developing exposure guidelines and intervention strategies.
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Nelson BK, Conover DL, Krieg EF Jr, Snyder DL, Edwards RM, Interactions of 
radiofrequency radiation-induced hyperthermia and 2-methoxyethanol teratogenicity 
in rats. Bioelectromagnetics. 18(5):349-359, 1997.
Radiofrequency (RF) radiation is used in a variety of workplaces. In addition to RF 
radiation, many workers are concurrently exposed to numerous chemicals; exposed 
workers include those involved with the microelectronics industry, plastic sealers, and 
electrosurgical units. The developmental toxicity of RF radiation is associated with the 
degree and duration of hyperthermia induced by the exposure. Previous animal research 
indicates that hyperthermia induced by an elevation in ambient temperature can 
potentiate the toxicity and teratogenicity of some chemical agents. We previously 
demonstrated that combined exposure to RF radiation (10 MHz) and the industrial 
solvent, 2-methoxyethanol (2ME), produces enhanced teratogenicity in rats. The purpose 
of the present research is to determine the effects of varying the degree and duration of 
hyperthermia induced by RF radiation (sufficient to maintain colonic temperatures at 
control [38.5], 39.0, 40.0, or 41.0 degrees C for up to 6 h) and 2ME (100 mg/kg) 
administered on gestation day 13 of rats. Focusing on characterizing the dose-response 
pattern of interactions, this research seeks to determine the lowest interactive effect 
level. Day 20 fetuses were examined for external and skeletal malformations. The results 
are consistent with previous observations. Significant interactions were observed 
between 2MEand RF radiation sufficient to maintain colonic temperatures at 41 degrees 
C for 1 h, but no consistent interactions were seen at lower temperatures even with 
longer durations. These data indicate that combined exposure effects should be 
considered when developing both RF radiation and chemical exposure guidelines and 
intervention strategies.

Effects on the Environment

Soran ML, Stan M, Niinemets U, Copolovici L. Influence of microwave frequency 
electromagnetic radiation on terpene emission and content in aromatic plants.J Plant 
Physiol. 171(15):1436-1443, 2014

Influence of environmental stress factors on both crop and wild plants of nutritional 
value is an important research topic. The past research has focused on rising 
temperatures, drought, soil salinity and toxicity, but the potential effects of increased 
environmental contamination by human-generated electromagnetic radiation on plants 
have little been studied. Here we studied the influence of microwave irradiation at 
bands corresponding to wireless router (WLAN) and mobile devices (GSM) on leaf 
anatomy, essential oil content and volatile emissions in Petroselinum crispum, Apium 
graveolens and Anethum graveolens. Microwave irradiation resulted in thinner cell 
walls, smaller chloroplasts and mitochondria, and enhanced emissions of volatile 
compounds, in particular, monoterpenes and green leaf volatiles (GLV). These effects
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were stronger for WLAN-frequency microwaves. Essential oil content was enhanced by 
GSM-frequency microwaves, but the effect of WLAN-frequency microwaves was 
inhibitory. There was a direct relationship between microwave-induced structural and 
chemical modifications of the three plant species studied. These data collectively 
demonstrate that human-generated microwave pollution can potentially constitute a 
stress to the plants.

Miscellaneous Effects

Ramundo-Orlando A, Liberti M, Mossa G, D'Inzeo G. Effects of 2.45 GHz microwave 
fields on liposomes entrapping glycoenzyme ascorbate oxidase: evidence for 
oligosaccharide side chain involvement. Bioelectromagnetics. 25(5):338-345, 2004.
Previous observations reported by our group indicate that 2.45 GHz microwave fields at 
specific absorption rate (SAR) of 5.6 W/kg reduce the enzyme activity rate of ascorbate 
oxidase (AO) trapped in liposomes. In this study, we report dose-response studies on 
these AO containing liposomes irradiated at different SAR values (1.4, 2.8, 4.2, and 5.6 
W/kg). No response was observed for SAR below 5.6 W/kg. Liposomes entrapping 
functional AO in its deglycated form (AO-D) were also used. In this case, no MW related 
enzyme activity changes were observed, demonstrating a direct involvement of 
oligosaccharide chains of AO. Furthermore, the catalytic properties of both AO and AO-D 
were not impaired by MW irradiation, neither in homogeneous solution nor loaded in 
liposomes, excluding possible changes in the conformation of enzyme as a mechanism. 
Our results suggest that the oligosaccharide chains of AO are critical to elicit the 
microwave observed effects on lipid membrane.

Saalman E, Norden B, Arvidsson L, Hamnerius Y, Hojevik P, Connell KE, Kurucsev T, Effect of
2.45 GHz microwave radiation on permeability of unilamellar liposomes to 5(6)- 
carboxyfluorescein. Evidence of non-thermal leakage. Biochim Biophys Acta 1064(1):124- 
130, 1991.
The influence of 2.45 GHz microwave radiation on the membrane permeability of 
unilamellar liposomes was studied using the marker 5(6)-carboxyfluorescein trapped in 
phosphatidylcholine liposomes. The release of the fluorescent marker was followed by 
spectrofluorimetry after an exposure of 10 minutes to either microwave radiation or to 
heat alone of the liposome solutions. A significant increase of the permeability of 
carboxyfluorescein through the membrane was observed for the microwave-exposed 
samples compared to those exposed to normal heating only. Exposure to 2.45 GHz 
microwave radiation of liposomes has been previously found to produce increased 
membrane permeability as compared with heating. However, in contrast to previous 
studies, the observations reported here were made above the phase transition 
temperature of the lipid membrane. The experimental setup included monitoring of the 
temperature during microwave exposure simultaneously at several points in the solution 
volume using a fiberoptic thermometer. Possible mechanisms to explain the observations
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are discussed.

Panagopoulos, D. J., Johansson O. & Carlo G.L. Polarization: A Key Difference between 
Man-made and Natural Electromagnetic Fields, in regard to Biological Activity. Sci. Rep. 
5, 14914; doi: 10.1038/srep14914 (2015). Published online Oct 12, 2015.
In the present study we analyze the role of polarization in the biological activity of 
Electromagnetic Fields (EMFs)/Electromagnetic Radiation (EMR). All types of man-made 
EMFs/EMR - in contrast to natural EMFs/EMR - are polarized. Polarized EMFs/EMR can 
have increased biological activity, due to: 1) Ability to produce constructive interference 
effects and amplify their intensities at many locations. 2) Ability to force all 
charged/polar molecules and especially free ions within and around all living cells to 
oscillate on parallel planes and in phase with the applied polarized field. Such ionic 
forced-oscillations exert additive electrostatic forces on the sensors of cell membrane 
electro-sensitive ion channels, resulting in their irregular gating and consequent 
disruption of the cell's electrochemical balance. These features render man-made 
EMFs/EMR more bioactive than natural non-ionizing EMFs/EMR. This explains the 
increasing number of biological effects discovered during the past few decades to be 
induced by man-made EMFs, in contrast to natural EMFs in the terrestrial environment 
which have always been present throughout evolution, although human exposure to the 
latter ones is normally of significantly higher intensities/energy and longer durations. 
Thus, polarization seems to be a trigger that significantly increases the probability for the 
initiation of biological/health effects.

Nelson BK, Conover DL, Krieg EF Jr, Snyder DL, Edwards RM, Effect of environmental 
temperature on the interactive developmental toxicity of radiofrequency radiation and 
2-methoxyethanol in rats. Int Arch Occup Environ Health 71(6):413-423, 1998.
OBJECTIVE: This research was conducted to determine if altered environmental 
temperatures would affect the interactive developmental toxicity of radiofrequency (RF) 
radiation and the industrial solvent, 2-methoxyethanol (2ME). This is important because 
RF radiation is used in a variety of workplaces that have poorly controlled environmental 
temperatures, and many workers are concurrently exposed to various chemicals. 
Furthermore, we have previously demonstrated that combined exposure to RF radiation 
(10 MHz) and 2ME produces enhanced teratogenicity in rats. METHODS: RF radiation 
sufficient to maintain colonic temperatures at the control value (38degrees ),
39.0degrees or 40.0 degrees C for 2 or 4 h combined with either 0 or 100 mg/ kg 2ME at 
environmental temperatures of 18 degrees , 24 degrees and 30 degrees C (65 degrees ,
75 degrees , and 85 degrees F) were given on gestation day 13 to Sprague-Dawley rats. 
Dams were killed on gestation day 20, and the fetuses were examined for external 
malformations. RESULTS AND CONCLUSIONS: Environmental temperature does affect the 
specific absorption rate (SAR) necessary to maintain a specific colonic temperature but 
does not affect the interactive developmental toxicity of RF radiation and 2ME in rats. 
These results, consistent with the literature, add to the evidence that the developmental 
toxicity of RF radiation (combined or alone) is associated with colonic temperature, not 
with SAR.
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Nelson BK, Snyder DL, Shaw PB, Developmental toxicity interactions of methanol and 
radiofrequency radiation or 2-methoxyethanol in rats. Int J Toxicol 20(2):89-100, 2001.
This research was undertaken to determine potential interactions among chemical and 
physical agents. Radiofrequency (RF) radiation is used in numerous workplaces, and 
many workers are concurrently exposed to RF radiation and various chemicals. The 
developmental toxicity of RF radiation is associated with the degree and duration of 
hyperthermia induced by the exposure. Previous animal research indicates that 
hyperthermia induced by an elevation in ambient temperature can potentiate the 
toxicity and teratogenicity of some chemical agents. We previously demonstrated that 
combined exposure to RF radiation (10 MHz) and the industrial solvent, 2- 
methoxyethanol (2ME), enhanced teratogenicity in rats. Interactions were noted at even 
the lowest levels of 2ME tested, but only at hyperthermic levels of RF radiation. The 
purpose of the present research is to investigate if the interactive effects noted for RF 
radiation and 2ME are unique to these agents, or if similar interactions might be seen 
with other chemicals. Because methanol is widely used as a solvent as well as fuel 
additive, and, at high levels, is teratogenic in animals, we selected methanol as a 
chemical to address generalizability. Based on the literature and our pilot studies, 0, 2, or 
3 g/kg methanol (twice, at 6-hour intervals) were administered on gestation day 9 or 13 
to groups of 10 Sprague-Dawley rats. Dams treated on day 9 were given methanol and 
exposed to RF radiation sufficient to maintain colonic temperature at 41 degrees C for 60 
minutes (or sham). Those treated on day 13 were given methanol plus either 0 or 100 
mg/kg 2ME. Because we observed that methanol produced hypothermia, some groups 
were given the initial dose of methanol concurrently with the RF or 2ME, and others 
were given the first dose of methanol 1.5 hours prior to RF or 2ME. Dams were sacrificed 
on gestation day 20, and the fetuses were examined for external malformations. The 
results indicate that RF radiation or methanol on day 9 increased the incidence of 
resorbed fetuses, but no interactive effects were observed. The resorptions were highest 
in groups given the experimental treatments 1.5 hours apart. The higher dose of 
methanol also reduced fetal weights. Administration of 2ME or methanol on day 13 
increased the rate of malformations, and there was evidence of a positive interaction 
between 2ME and methanol. Fetal weights were reduced by 2ME and methanol alone, 
but no interaction was observed. Also, separation of the dosing with the teratogens did 
not affect the results. These results point out that interactions in developmental 
toxicology, such as those of RF radiation, 2ME, and methanol that we have studied, are 
complex, and such interactions cannot be fully understood or predicted without more 
research. It is important that combined exposure effects be considered when developing 
both physical agent and chemical agent exposure guidelines and intervention strategies.

Solomentsev GY, English NJ, Mooney DA. Effects of external electromagnetic fields on 
the conformational sampling of a short alanine peptide. J Comput Chem. 33(9):917- 
923, 2012.
Non-equilibrium molecular dynamics simulations of a solvated 21-residue polyalanine 
(A21) peptide, featuring a high propensity for helix formation, have been performed at
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300 K and 1 bar in the presence of external electromagnetic (e/m) fields in the 
microwave region (2.45 GHz) and an r.m.s. electric field intensity range of 0.01-0.05 V/A. 
To investigate how the field presence affects transitions between the conformational 
states of a protein, we report 16 independent 40 ns-trajectories of A21 starting from 
both extended and fully folded states. We observe folding-behavior of the peptide 
consistent with prior simulation and experimental studies. The peptide displays a natural 
tendency to form stable elements of secondary structure which are stabilized by tertiary 
interactions with proximate regions of the peptide. Consistent with our earlier work, the 
presence of external e/m fields disrupts this behavior, involving a mechanism of localized 
dipolar alignment which serves to enhance intra-protein perturbations in hydrogen 
bonds (English, et al., J. Chem. Phys. 2010, 133, 091105), leading to more frequent 
transitions between shorter-lifetime states.

Somosy Z, Thuroczy G, Koteles GJ, Kovacs J, Effects of modulated microwave and X-ray 
irradiation on the activity and distribution of Ca(2+)-ATPase in small intestine epithelial 
cells. Scanning Microsc 8(3):613-619; discussion 619-620, 1994.
The distribution and activity of Ca(2+)-ATPase were investigated by histochemical 
methods in small intestine epithelial cells of mice following total body 2450 MHz low 
frequency (16 Hz) microwave and X-ray irradiation. In the control animals, enzyme 
activities were found in the brush border and on lateral membranes, including junctional 
areas of the cells. The enzyme activity of lateral membranes was inhibited by quercetin, a 
specific inhibitor of Ca(2+)-ATPase. Immediately after square modulated (16 Hz) 2450 
MHz microwave irradiation at 1 mW/cm2 power densities, we observed a decreased 
activity of Ca(2+)-ATPase on the lateral membrane regions. The X-ray irradiation (1 Gy) 
induced a similar decrease of Ca(2+)-ATPase activity which was reversible within 24 
hours. "5 Gy" doses resulted in a decrease of enzyme activities on both apical and lateral 
membrane areas persisting up to 24 hours following irradiation.

Takashima Y, Hirose H, Koyama S, Suzuki Y, Taki M, Miyakoshi J. Effects of continuous 
and intermittent exposure to RF fields with a wide range of SARs on cell growth, 
survival, and cell cycle distribution. Bioelectromagnetics.27(5):392-400. 2006.
To examine the biological effects of radio frequency (RF) electromagnetic fields in vitro, 
we have examined the fundamental cellular responses, such as cell growth, survival, and 
cell cycle distribution, following exposure to a wide range of specific absorption rates 
(SAR). Furthermore, we compared the effects of continuous and intermittent exposure at 
high SARs. An RF electromagnetic field exposure unit operating at a frequency of 2.45 
GHz was used to expose cells to SARs from 0.05 to 1500 W/kg. When cells were exposed 
to a continuous RF field at SARs from 0.05 to 100 W/kg for 2 h, cellular growth rate, 
survival, and cell cycle distribution were not affected. At 200 W/kg, the cell growth rate 
was suppressed and cell survival decreased. When the cells were exposed to an 
intermittent RF field at 300 W/kg(pk), 900 W/kg(pk) and 1500 W/kg(pk) (100 
W/kg(mean)), no significant differences were observed between these conditions and 
intermittent wave exposure at 100 W/kg. When cells were exposed to a SAR of 50 W/kg 
for 2 h, the temperature of the medium around cells rose to 39.1 degrees C, 100 W/kg
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exposure increased the temperature to 41.0 degrees C, and 200 W/kg exposure 
increased the temperature to 44.1 degrees C. Exposure to RF radiation results in heating 
of the medium, and the thermal effect depends on the mean SAR. Hence, these results 
suggest that the proliferation disorder is caused by the thermal effect.
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6. EVALUATI ON

6.1 Cancer in Humans
There is limited evidence in humans for the 

carcinogenicity of radiofrequency radiation. 
Positive associations have been observed between 
exposure to radiofreguencv radiation from wire
less phones and glioma, and acoustic neuroma.

6.2 Cancer in Experimental Animals
There is limited evidence in experimental 

animalsforthe carcinogenicityofradiofrequency 
radiation.

6.3 Overall Evaluation
Radiofrequency electromagnetic fields are 

possibly carcinogenic to humans (Group 2B).

6.4 Rationale of the evaluation of the
epidemiological evidence

The human epidemiological evidence was 
mixed. Several small early case-control studies 
were considered to be largely uninformative. A 
large cohort study showed no increase in risk of 
relevant tumours, but it lacked information on 
level of mobile-phone use and there were several 
potential sources of misclassification of expo
sure. The bulk of evidence came from reports 
of the INTERPHONE study, a very large inter
national, multicentre case-control study and a 
separate large case-control study from Sweden 
on gliomas and meningiomas of the brain and 
acoustic neuromas. While affected by selection 
bias and information bias to varying degrees, 
these studies showed an association between

glioma and acoustic neuroma and mobile-phone 
use; specifically in people with highest cumula
tive use of mobile phones, inpeople who had used 
mobile phones onthe same side of the head asthat 
on which their tumour developed, and in people 
whose tumour was in the temporal lobe of the 
brain (the area of the brain that is most exposed 
to RF radiation when a wireless phone is used at 
the ear). The Swedish study found similar results 
for cordlessphones. The comparative weaknessof 
the associations in the INTERPHONE study and 
inconsistencies between its results and those of 
the Swedish study led to the evaluation of limited 
evidence for glioma and acoustic neuroma, as 
decided by the majority of the members of the 
Working Group. A small, recently published 
Japanese case-control study, which also observed 
an association of acoustic neuroma with mobile- 
phone use, contributed to the evaluation of 
limited evidence for acoustic neuroma.

There was, however, a minority opinion that 
current evidence in humans was inadequate, 
therefore permitting no conclusion about a 
causal association. This minority saw incon
sistency between the two case-control studies 
and a lack of exposure-response relationship 
in the INTERPHONE study. The minority also 
pointed to the fact that no increase in rates of 
glioma or acoustic neuroma was seen in a nation
wide Danish cohort study, and that up to now'-, 
reported time trends in incidence rates of glioma 
have not shown a trend parallel to time trends in 
mobile-phone use.
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AGN. NO._______

MOTION BY SUPERVISORS ZEV YAROSLAVSKY AND
MICHAEL D. ANTONOVICH June 2, 2009

There is an ongoing debate within the scientific community and among governing 

bodies throughout the world regarding how thoroughly the long-term health effects of 

low-frequency electromagnetic and radio-frequency emissions are understood. In
.   I II I I I       ^ '̂ -  ~

particular, questions have been raised regarding how well the existing regulations 

established by the Federal Communications Commission protect more vulnerable 

populations such as school-aged children, and how well they protect against the 

cumulative effect of radio-frequency emissions on people who live or work in close 

proximity to multiple cellular facilities.

Unfortunately, Section 704 of the Federal Telecommunications Act of 1996 

prevents local governments, including the County of Los Angeles, from opposing the 

placement of personal wireless service facilities on the basis of the environmental or 

health effects of radio-frequency emissions to the extent that the proposed facilities 

comply with the Federal Communications Commission regulations concerning such 

emissions. In addition, the California Public Utilities Code unfairly limits the authority of 

local governments to regulate wireless facilities in public rights of way.

As long as questions exist as to the adequacy of these federal regulations, local
f
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governments should have the ability to include a consideration of the health and 

environmental effects of these facilities when deciding whether or not to approve the 

construction or modification of a cellular communications facility. The County should 

also have expanded discretion to decide how, when and where cellular facilities should 

be sited within the road right of way due to the unique aesthetic and safety issues that 

these facilities raise.

WE, THEREFORE, MOVE that the Board of Supervisors instruct the County's 

legislative advocates to actively seek and support federal legislation to repeal limitations 

on state and local authority imposed by the Telecommunications Act of 1996 that 

infringe upon the authority of local governments to regulate the placement, construction, 

and modification of telecommunications towers and other personal wireless services 

facilities on the basis of the health and environmental effects of these facilities, and to 

submit comments on the National Broadband Policy in furtherance of these policy goals 

prior to the June 8, 2009 comment deadline.

WE FURTHER MOVE that the Board of Supervisors instruct the County’s 

legislative advocates to actively seek and support state legislation that would give local 

governments greater flexibility to regulate the placement of cellular facilities within the 

road right of way given the unique aesthetic and safety issues that these facilities raise.
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ABSTRACT
Objectives: We performed a re-analysis of the data 
from Navarro etal(2003) in which health symptoms 
related to microwave exposure from mobile phone base 
stations (BSs) were explored, including data obtained 
in a retrospective inquiry about fear of exposure from 
BSs.
Design: Cross-sectional study.
Setting: La Nora (Murcia), Spain.
Participants: Participants with known illness in 2003 
were subsequently disregarded: 88 participants instead 
of 101 (in 2003) were analysed. Since weather 
circumstances can influence exposure, we restricted 
data to measurements made under similar weather 
conditions.
Outcomes and methods: A statistical method 
indifferent to the assumption of normality was 
employed: namely, binary logistic regression for 
modelling a binary response (eg, suffering fatigue (1) 
or not (0)), and so exposure was introduced as a 
predictor variable. This analysis was carried out on a 
regular basis and bootstrapping (95% percentile 
method) was used to provide more accurate CIs. 
Results: The symptoms most related to exposure 
were lack of appetite (OR=1.58, 95% CI 1.23 to 2.03); 
lack of concentration (OR=1.54, 95% CI 1.25 to 1.89); 
irritability (OR=1.51, 95% CI 1.23 to 1.85); and trouble 
sleeping (Or=1.49, 95% CI 1.20 to 1.84). Changes in 
-2 log likelihood showed similar results. Concerns 
about the BSs were strongly related with trouble 
sleeping (OR =3.12, 95% CI1.10 to 8.86). The 
exposure variable remained statistically significant in 
the multivariate analysis. The bootstrapped values were 
similar to asymptotic CIs.
Conclusions: This study confirms our preliminary 
results. We observed that the incidence of most of the 
symptoms was related to exposure levels— 
independently of the demographic variables and some 
possible risk factors. Concerns about adverse effects 
from exposure, despite being strongly related with 
sleep disturbances, do not influence the direct 
association between exposure and sleep.

The health risk due to exposure to radiofre
quency electromagnetic fields (RF EMFs) con
tinues to be discussed today. The study that led 
to this debate was initiated after verification

Strengths and limitations of this study
■ We used a robust statistical analysis with a 

highly homogeneous sample in a homogeneous 
environment.

■ A participation bias cannot be ruled out. The late 
query about concerns (as a possible confounder) 
may render the results less valid.

■ We observed that the incidence of most of the 
symptoms was related to exposure levels.

that the US embassy in Moscow was being sub
jected to such radiation from 1953 to May 
1975.1 Recently, a review of that episode2 reo
pened the debate about the potential harmful
ness of RF EMFs. The increasing number of 
base stations (BSs) on masts and buildings has 
increased public awareness. This issue has 
prompted scientific research to establish to 
what extent low-intensity EMFs may affect the 
health of humans and other organisms.3 4 
Furthermore, the term electromagnetic hyper
sensitivity has been recently introduced in dis
cussions attributing symptoms to exposure to 
EMFs.5-8 A review of this topic9 in 2010 found 
that 8 of the 10 studies evaluated through 
PubMed had reported increased prevalence of 
adverse neurobehavioral symptoms or cancer 
in populations living at distances <500 m from 
BSs.

None of the studies reported exposure 
above accepted international guidelines, sug
gesting that current guidelines may be inad
equate in protecting health. Thus, the need 
emerges to revaluate our pioneering work in 
this field in order to add new procedures and 
data. Few articles have addressed the possible 
association between microwave sickness and 
microwave exposure from Global System for 
Mobile Communications (GSM) BSs since 
the publication of our first study.10 
Chronologically, Santini et at1 and Gadzicka 
et a!12 reported differences in the distance- 
dependent prevalence of symptoms such as 
headache, impaired concentration and
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irritability. A later Austrian study13 showed a positive asso
ciation between the measured electrical field (GSM 900/ 
1800) in bedrooms and headaches, cold hands and feet 
and difficulties in concentration. An Egyptian study14 
showed a prevalence of neurological symptoms, such as 
headache, memory changes, dizziness, tremors, depres
sive symptoms and sleep disturbances among participants 
directly exposed to GSM signals from BSs.

The symptoms reported by all the above cited authors 
belong to those attributed to the microwave syndrome.15 
However, one article16 using personal monitored data 
from GSM-UMTS frequency bands found no statistical 
association in adults. More recently, the same authors 
observed no association in children, contradictory 
results in children and adolescents,18 and concluded 
that the few observed significant associations were not causal 
but rather occurred by chance. Blettner et al19 reported in 
phase 1 of their study more health problems closer to 
BSs, but in phase 220 they concluded that measured 
EMF emissions were not related to adverse health 
effects.

Other researchers focused their work on the possible 
existence of participants with sensitivity to GSM or 
UMTS signals according to psychological, cognitive or 
autonomic assessment. These researchers used short
term exposure (only 30-50 min) under laboratory condi
tions21-23 and revealed a large disparity between partici
pants. Recently, a study measuring several biological 
stress markers24 found that RF EMF emitted by mobile 
phone BSs from 5.2 to 2126.8 gW/m2 increased cortisol 
and salivary a-amylase, while IgA concentration was not 
significantly modified.

The Selbitz study25 in 2010 described a significant 
dose-response relationship in symptoms related with 
sleep, mood, joints, infections, skin condition, as well as 
neurological, cardiovascular, visual and auditory systems 
and the gastrointestinal tract.

The existence of short-term physiological effects of 
EMF on sleep quality was not evident in the work of 
Danker-Hopfe et al26; however, it was stated that the pres
ence of BSs per se (not the EMF) may have a negative 
impact on sleep quality.

A Polish study in 2012 did not show a correlation 
between electrical field strength and frequency of sub
jective symptoms; however, it showed a correlation 
between subjective symptoms and the distance to BSs.27 
A study carried out in Egypt28 revealed that exposure to 
EMF emitted either from mobile phones or BSs had sig
nificant effects on the pituitary-adrenal axis. More 
recently, work developed in Iran29 indicated that symp
toms such as nausea, headache, dizziness, irritability, dis
comfort, nervousness, depression, sleep disturbance, 
memory loss and lowering of libido were statistically sig
nificant in people living near BSs (<300 m distances) 
compared with those living far from the BSs (>300 m).

In our cross-sectional analysis,10 11 of 16 symptoms 
showed statistically significant higher scores in the group 
with the maximum exposure level. The symptoms are

included in the microwave syndrome. We also reported 
statistically significant correlation coefficients between 
the measured electrical field and 14 of 16 symptoms.

A review30 recently established several conditions for 
epidemiological studies to be eligible for introduction in 
general analysis: eligible studies must quantify exposure using 
objective measures (such as distance to the nearest BS, spot or 
personal exposure measurements in a specific frequency range); 
possible confounders must be considered and the selection of the 
study population must be clearly free of bias in terms of exposure 
and outcomes.

Accordingly, in this reanalysis of our previous study,10 pos
sible confounders were included in addition to the specific 
RF EMF measurements made in 2001 (covering the specific 
range between 900 and 1800 MHz). Therefore, we coana
lysed the effects of other variables such as sociodemographic 
data and the use of electronic devices. Concern about being 
damaged by radiation from antennas was also analysed.

The new statistical approach tested the possible influ
ences of other variables, such as demographic data and 
the use of electronic devices. Moreover, since some con
cerns have been raised about possible health conse
quences caused by the emitted microwaves, we analysed 
whether these symptoms might be related to fear of 
exposure. As some participants refused to allow mea
surements in their homes, we analysed whether 
symptom status or subjective distance to the BS could be 
a bias of participation in the study. Interestingly, this 
period was free of other sources of RF such as WIFI or 
UMTS or the massive use of mobile phones, enabling a 
specific study of GSM technology. Finally, the suitability 
of the size of the sample was analysed.

METHODS 
Study design
We chose a small urban area with mixed rural character
istics: low levels of environmental pollution (more agri
cultural than industrial); no major differences in 
socioeconomic characteristics throughout the region 
(excluding large cities); similar ethnicity (white 
Caucasian) and language (Spanish) and with mobile 
phone communication operative for at least 2 years. La 
Nora was chosen because it had the features of a small 
city, and was located near the capital (Murcia) in a rural 
environment without any particular health or environ
mental problems. Consequently, La Nora was representa
tive of small urban areas in eastern Spain with fewer 
than 20 000 inhabitants—such rural areas accounting 
for 19.8% of the population and 35.9% of the territory 
in Spain.

Two BS masts, each about 30 m height, were sited at 
different positions to provide GSM-900-1800 coverage. 
The GSM 900 BS was positioned not before 1997 while 
the GSM 1800 BS was built in December 1999.

Data regarding the main demographic characteristics 
of the sample and their use of electronic devices was col
lected through a Spanish-language questionnaire.11 All
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of the participants were of the same ethnic origin, 
shared similar family income levels and general standard 
of living, and were born in La Nora or nearby. All the 
residents in the study were living in the village before 
the erection of both BSs. All of the residents were at 
home for more than 8 h a day for at least 6 days a week 
and normally slept at home.

The core of the questionnaire was a symptom checklist 
for estimating the frequency of 15 health-related symp
toms attributed to microwave sickness. These symptoms 
were fatigue, irritability, headaches, nausea, loss of appe
tite, sleep disorders, depressive tendency, dizziness, con
centration difficulties, memory loss, skin lesions, visual 
and hearing deficiencies, walking difficulties and cardio
vascular problems. The frequency was quantified as never 
suffer = 0, sometimes = 1, often = 2 and very often =3.

The percentage of residents who reported electrical 
transformers less than 10 m from their home was 21.6%, 
while 42% reported high-voltage power lines less than 
100 m from home. Finally, 40% of residents reported a 
TV transmitter within a radius of around 4 km.

The questionnaire included a statement that its 
purpose was health research and that the data gathered 
would be confidential.

Some 215 questionnaires were randomly distributed 
through 17 streets representing practically the entire 
village. The houses were selected using a street map of 
the village. In total, 150 questionnaires were collected 
with the remainder being uncollected because nobody 
was at home (31) or there was a refusal by the house
holder to complete the questionnaire (34).

During 2001, 101 RF EMF measurements in bedrooms 
were made. The other (49) residents who refused admit
tance for taking the measurements (16) were not at 
home for the scheduled measurement appointment 
(10) or had serious health problems (23).

However, some changes are now being introduced in 
this reanalysis. Thirteen of the participants included in 
the original study have now been eliminated: 2 partici
pants were eliminated (one regarding alcohol abuse and 
another regarding pregnancy) to increase the require
ment on health criteria and 11 participants were elimi
nated to increase the homogeneity of the RF EMFs 
measurements because there was a change (it was 
raining) in the usual dry weather conditions when the 
respective broadband measurements were registered.

The reanalysis of the dataset, which is the main focus of 
this paper, was finally performed with 88 participants (45 
women and 43 men) instead of the 101 analysed in 2001.

Concerns about microwave exposure
Sixty-six of the 88 participants were reached by tele
phone in February 2012 and asked two questions:
A. Were you worried about the masts (BSs) when they 

were erected?
B. Did you believe their radiation (BSs) could damage 

your health?

In all cases, those who were worried about the masts 
were concerned about health consequences. Twenty- 
seven participants (40.9%) responded ‘no’ and 39 
(59.1%) responded ‘yes’. Responses were analysed rela
tive to age (analysis of variance (ANOVA) test), sex (X stat
istic) and subjective distance to BS (Somers’ D statistic).

Exposure assessment
Broadband measurements were made on two Saturdays 
in February and March 2001 from 11:00 to 19:00 with a 
portable electrical field (400 MHz-3 GHz) detector 
(Nuova Elettronica Model LX-1435). This meter was 
calibrated with an HP-8510C network analyser inside an 
anechoic chamber at the University of Valencia. During 
the bedroom exposure assessment, the electric field 
probe was held for approximately 5 min about 1 m from 
the walls and 1.2 m above the ground—and moved 
around a circle of 0.25 m radius, orientating the 
antenna in different directions to obtain the maximum 
electrical field strength above the bed.

To check the intensity of TV and radio channels, as 
well as the intensity of working channels and broadcast 
channels for the GSM-900-1800 BSs, measurements of 
the spectral power density were carried out with a probe 
antenna and a portable spectrum analyser.

The probe was mounted on a linen phenolic tripod
1.2 m above the ground. The position of the probe was 
the same on both days—on a hill next to the village and 
20 m from the BS. With the spectrum analyser we 
scanned the frequency bands and the levels were aver
aged for 6 min. The measurement of the spectrum was 
similar on both days—with a difference in the peak esti
mation (channel carriers) of about 1 dB.

The measured broadband exposure was almost invari
able during the time interval of the measurements. 
Exposure changed with the position or place but it did 
not change over time, and this could be related with a 
low intensity of traffic ( few phone calls) and the high 
and constant intensity of the broadcast channel.10

Statistical analysis
Demographic data were analysed using the 
Mann-Whitney one-way ANOVA and %2 test. Differences 
between groups were performed through variance 
(ANOVA) and covariance analysis.

The main statistical analysis was made using binary 
logistic regression (mode enter) carried out on a regular 
basis with subsequent bootstrapping (1000 bootstrap 
replications, 95% percentile method and simple sam- 
pling)31 to provide more accurate SE and CIs. After pro
ducing (1000) bootstrap replicates 0b of an estimator 0, 
the bootstrap SE was the SD of the bootstrap replicates.

SE(0) = VpT (0b - 0)2/(r - 1) 

b 1 r
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where 0 is the mean of the 0b. Owing to our small 
sample size, a non-parametric CI for the estimate 
(mean) was constructed from the quartiles of the boot
strap sampling distribution of 0. The 95% percentile 
interval (0 (lower) <0<0 (upper)) is shown, where 0b are 
the r-ordered bootstrap replicates: lower=0.025xr
(sample 25) and upper=0.975xr (sample 975).

The dependent variables (health-related symptoms) 
given in four ordinal categories (0=never, 1=sometimes, 
2=often and 3=very often) were dichotomised (0, 1=0 vs 
2, 3=1).

The 15 health-related symptoms described above con
stituted the dichotomous dependent variables. 
Univariate analysis was then performed for each 
symptom and for each of the predictor variables: expos
ure to BS (^W/m2 as a natural logarithmic) and age 
were used as continuous variables, while gender, com
puter use >2 h/day, mobile phone use >20 min/day and 
worry about the antennae were used as dichotomous 
variables. The covariates with predictive value were con
sidered for the multivariate analysis. Thus possible con- 
founder effects were evaluated.

In all cases, changes in -2 log likelihood, OR, 95% CIs 
and the p value were calculated. For all tests, a p value 
below 0.05 was considered statistically significant.

We used the GSM exposure (the measurement of RF 
EMF in the bedroom) as a continuous variable because 
it is recognised that categorisation of continuous vari
ables introduces major problems in the analysis and 
interpretation of models derived in a data-dependent 
fashion.32-34

We chose exposure values in the logarithmic form 
because these values are well grouped around their 
median, while the raw values showed a high dispersion 
of values, with 2 outliers and 10 extreme values (data 
not shown).

Confounding was assessed by adding the potentially 
confounding variable to the model and making a sub
jective decision as to whether or not the coefficient of 
the variable of interest, ORs of GSM exposure, had 
changed substantially. A 10% variation was accepted as a 
considerable change.

Possible interactions between covariates were also 
evaluated.

The maximum number of covariates included in each 
multivariate analysis was calculated following this 
formula.35 Let n be the smallest of the proportions of 
negative or positive cases in the population and k the 
number of covariates, then the minimum number of 
cases to include is:

N = 10k/p

Goodness-of-fit tests such as the classification table, the 
Hosmer-Lemeshow statistic, receiver operating character
istic (ROC) curves, Cox and Snell’s and Nagelkerke’s 
Pseudo R2 measures were used. The Wald statistic was 
also evaluated to test the significance of individual

independent variables. Moreover, possible multicolli- 
nearity was also tested.

With the predicted probability scores derived from the 
regression analysis, ROC curves were constructed for all 
symptoms or modalities in order to analyse sensitivity 
and specificity levels. For each curve, the best cut-offs for 
GSM exposure that maximises (sensitivity+specificity) 
were also calculated.

For statistical analysis, we used the Statistical Package 
for Social Sciences, V.21.0 (IBM SPSS Inc, Chicago, 
Illinois, USA) for Windows.

Owing to an exposure assessment for transformers, 
high-voltage power lines and radio or TV transmitters 
based on self-estimated distances would not produce a 
reliable exposure estimate, it was decided to omit these 
covariates in the analysis.

RESULTS
Demographic data and the percentage of users of per
sonal computers and mobile phones were analysed. The 
mean age was 42 and 17 years (SD±17. 61, interval 
15-81). Women totalled 51.1% (mean age=45.08 years, 
SD=17.98; interval=15-81) and 48.9% were men (mean 
age = 39.12 years, SD=16.88; interval=15-75). A total of 
13.6% participants regularly used computers and 23.9% 
used mobile phones.

No differences related with age and use of mobile 
phones or computers were found between the sexes.

The univariate logistic regression indicated that age 
was inversely associated with irritability (OR=0.97, 95% 
CI 0.95 to 0.99) and that the oldest had the greatest dif
ficulties hearing (OR=1.03, 95% CI 1.01 to 1.06) and 
walking (OR=1.04, 95% CI 1.01 to 1.07). However, 
gender clearly did not influence the outcome of any 
dependent variable. Use of mobile phones was linked 
with lack of appetite and vertigo, while worry about the 
radiation from BSs was associated with trouble sleeping 
(table 1). However, concern about radiation from BSs 
was unrelated to age (ANOVA test), sex (X statistic) or 
subjective distance to BS (Somers’ D statistic).

Most of the symptoms were related with GSM expos
ure, especially fatigue, irritability, lack of appetite, 
trouble sleeping, depression and lack of concentration. 
Change in -2 log likelihood showed similar results 
(table 2). Figure 1 shows the distribution of EMF mea
surements throughout the sample.

ROC curves for each of the logistic regression models 
(GSM exposure vs each symptom) oscillated between 
0.65 and 0.87 (table 3). Headaches (0.84), nausea 
(0.86), appetite (0.87) and vascular problems (0.85) 
showed the highest values, while memory (0.67), skin 
(0.67) and visual disturbances (0.65) showed the lowest 
values. The Hosmer and Lemeshow test indicated that 
most analyses showed no significant p values. The excep
tions were fatigue (0.003), depression (0.003) and 
vertigo (0.03). In the majority of the cases, the models 
predicted better specificity than sensitivity. Only in the
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Table 1 Univariate ORs and 95% CIs of all clinical symptoms related with various possible confounders

Symptom/variable
Worry about BSs (1)
OR (95% CI)

Computer use (2)
OR (95% CI)

Mobile use (3)
OR (95% CI)

Fatigue 0.67 0.23 to 1.90 2.62 0.76 to 9.04 1.56 0.56 to 4.35
Irritability 1.13 0.43 to 3.03 1.56 0.45 to 5.34 2.62 0.94 to 7.33
Headaches 1.75 0.62 to 4.94 1.39 0.34 to 5.58 1.56 0.51 to 4.83
Nausea 0.68 0.18 to 2.24 0.34 0.04 to 2.84 1.43 0.44 to 4.67
Lack of appetite 1.05 0.33 to 3.40 3.16 0.87 to 11.44 4.28** 1.43 to 12.78
Trouble sleeping 3.12* 1.10 to 8.86 0.55 0.16 to 1.88 0.74 0.27 to 2.02
Depression 1.06 0.39 to 2.93 0.81 0.22 to 2.93 1.03 0.38 to 2.84
Lack of concentration 0.92 0.35 to 2.47 1.11 0.33 to 3.76 2.79 0.99 to 7.80
Memory loss 1.71 0.62 to 4.75 0.41 0.10 to 1.64 1.35 0.50 to 3.61
Skin alterations 0.74 0.23 to 2.35 0 0 0.63 0.16 to 2.45
Visual disturbances 1.31 0.48 to 3.60 0.77 0.21 to 2.77 1.63 0.60 to 4.39
Vertigo 0.61 0.20 to 1.91 0.77 0.19 to 3.10 2.90* 1.04 to 8.07
Vascular alteration 0.96 0.27 to 3.43 1.48 0.35 to 6.17 2.04 0.65 to 6.41
Hearing problems 0.59 0.20 to 1.70 0.77 0.19 to 3.10 0.48 0.15 to 1.60
Walking difficulty 0.60 0.20 to 1.79 0 0 0.42 0.11 to 1.60
*p<0.05; **p<0.01.
(1) Not worried, as reference codes. (2) and (3) no device use, as reference code, 0 any participant affected using computer. 
BS, base station.

case of headaches and sleep disorder, did sensitivity 
prevail over specificity (table 3—classification table). In 
the extreme case, skin and vascular problems showed 
null or minimum sensitivity and 100% specificity. 
Nagelkerke pseudo R2 showed acceptable coefficients 
with the exception of the symptoms related with vertigo 
and skin problems (table 3).

Threshold cut-off values of GSM for sleep, attention, 
irritability and memory are also shown (table 3). The 
remaining cut-off values were not considered since sensi
tivity or specificity was reported at below 0.50%.

The influence of other covariates on the GSM ORs 
coefficients, such as age, cellular use and concern about 
the BS, was always less than 10% (table 2).

There was no observed multicollinearity among vari
ables. The k values according to factor analysis were 
always lower than 2 and well below the critical value of 30.

Finally, no interactions between covariates were 
observed.

SEs and CIs obtained by resampling were similar to 
those calculated from the asymptotic approximation 
(table 4). There was a small bias or difference between

Table 2 ORs and 95% CIs for GSM exposure: increase in risk per increase in log GSM (^W/m2)
Symptom OR (95% CI) Change in -2 log likelihood OR (95% CI)
Fatigue 1.39*** (1.14 to 1.70) 11.74*** 2.13*** (1.34 to 3.83)
Irritability 1.51*** (1.23 to 1.85) 19.36*** 2.58*** (1.61 to 4.12)
Irritability (adjusted with age) 1.47*** (1.20 to 1.81) - 2.44*** (1.52 to 3.94)
Headaches 1.43** (1.15 to 1.78) 12.32*** 2.28** (1.37 to 3.78)
Nausea 1.38** (1.09 to 1.73) 8.3** 2.09** (1.23 to 3.55)
Lack of appetite 1.58** (1.23 to 2.03) 16.31*** 2.86*** (1.60 to 5.09)
Lack of appetite (adjusted to cellular use) 1.53** (1.19 to 1.99) - 2.68*** (1.48 to 4.84)
Trouble sleeping 1.49*** (1.20 to 1.84) 16.38*** 2.49*** (1.52 to 4.08)
Trouble sleeping (adjusted to worry to BSs) 1.64*** (1.22 to 2.19) - 3.11*** (1.59 to 6.09)
Depression 1.41*** (1.16 to 1.72) 13.99*** 2.22*** (1.42 to 3.48)
Concentration 1.54*** (1.25 to 1.89) 20.75*** 2.68*** (1.67 to 4.32)
Memory 1.27** (1.06 to 1.52) 7.29** 1.73** (1.14 to 2.60)
Skin 1.24* (1.001 to 1.54) 4.08* 1.65* (1.01 to 2.71)
Visual 1.23 * (1.03 to 1.46) 5.30* 1.59* (1.06 to 2.40)
Vertigo 1.36** (1.11 to 1.66) 10.14*** 2.02** (1.28 to 3.20)
Vertigo (adjusted to cellular use) 1.32** (1.08 to 1.62) - 1.91** (1.20 to 3.04)
Vascular 1.32* (1.05 to 1.64) 6.30* 1.88* (1.12 to 3.14)
Hearing 0.96 (0.80 to 1.15) 0.90 (0.59 to 1.37)
Walking 0.95 (0.78 to 1.15) 0.88 (0.57 to 1.37)
Changes in -2 log likelihood are also shown. The third column represents the ORs for a 10-fold increase in GSM (log10 GSM).
*p<0.05; **p<0.01; ***p<0.001.
BS, base station; GSM, Global System for Mobile Communication.
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Figure 1 Distribution of electromagnetic field (EMF) 
measurement throughout the sample.

the average bootstrap coefficients (not shown) and the 
respective estimates obtained from the original sample.

There were no global health differences between 
those who permitted a bedroom exposure measurement 
(88 in our previous model) and those who refused RF 
measurements (26), and these results were unaltered 
when using age as a covariate. Square partial eta mea
sured a 0% contribution of the willing participation vari
able to symptoms, such as irritability, headaches, walking 
difficulties and hearing loss that correlated with age. 
There was no relationship between subjective distance to 
the BS and willingness to participate (Pearson %2=2.80, 
df=1; p=0.094).

However, ANOVA showed that the group with 
recorded RF EMF levels was more prone to symptoms of 
memory loss (F=5.07; p=0.027), while participants 
without EMF measures showed more skin problems 
(F=10.66; p=0.001).

DISCUSSION
In the present reanalysis, a more robust statistical 
method was employed that was indifferent to the 
assumption of normality. To reduce the limitation of 
the sample size effect and extrapolate our results to the 
entire population from which the sample was obtained, 
a resample method or bootstrapping was used.

This new study partially confirms our preliminary 
results—namely, that most of the symptoms are related 
to GSM levels independent of the demographical vari
ables and some possible risk factors. Related to micro
wave radiation, the spectral power density analysis 
maintained that the most important contribution to 
broadband measurements was from GSM 900/1800, and 
the main variability of the measurements between differ
ent places was due to a different coverage of the GSM 
900/1800 signals, that is, spatial variability. This was 
further supported by the fact that the antenna used was 
fairly insensitive to frequencies below 400 MHz. 
Therefore, the radio channels 80-110 MHz were not a 
significant part of the broadband measurements. 
Moreover, the narrow band measurements showed TV 
channels with substantially lower intensities than the 
GSM 900/1800 signals. The effects from these exposures 
will therefore not confound the effects of BSs. Moreover, 
some authors13 found that the only relevant contribu
tion to the variance of the high microwave exposure was 
from BSs—up to 93% of variance. Moreover, at the time 
of our study, the GSM signal was almost invariable in 
time because there were very few calls. The main contri
bution was made from the broadcast channels working 
almost constantly throughout the day. Short-range eva
luations of exposure could be acceptable for describing 
a 24 h period and the measurements were made in bed
rooms—a location where the participants were assumed 
to spend significant periods of time.

However, some participants were mobile phone users 
at the time of this study and exposure to a mobile

Table 3 Goodness-of-fit of the outcome binary response variable related to GSM exposure (log=ln)

Symptom
ROC curves
area

Classification table
SSV SPF AV Pseudo-R**2 (1)

Cut-off (2) 
(log GSM)

Cut-off (2) 
GSM foW/m2)

Headaches 0.84*** 0.90 0.23 0.72 0.41 — 1.77
Sleep 0.78*** 0.82 0.66 0.76 0.28 1.66 5.26
Attention 0.78*** 0.67 0.72 0.69 0.28 3.61 36.97
Irritability 0.76*** 0.67 0.73 0.71 0.26 3.61 36.97
Memory 0.67** 0.54 0.77 0.67 0.11 4.99 146.94
Depression 0.75*** 0.46 0.76 0.65 0.20 - 184.93
Visual 0.65* * 0.24 0.83 0.60 0.08 - 368.71
Fatigue 0.73*** 0.22 0.90 0.69 0.18 - 685.4
Vertigo 0.74*** 0.16 0.87 0.67 0.19 - 685.4
Appetite 0.87*** 0.40 0.94 0.85 0.43 - 1495.18
Nausea 0.86*** 0.46 0.93 0.87 0.38 - 1495.18
Vascular 0.85*** 0.20 1.0 0.90 0.34 - 3041.18
Skin 0.67* 0.00 1.00 0.81 0.072 - 8604.15
Cut-off values of exposure to microwaves according to ROC analysis. The data are presented in the ascending order.
*p<0.05; **p<0.01; ***p<0.001 (1) Nagelkerke (2) cut-off (ROC curve): only values showing SSV and SPF above 0.5 are reported.
AV, average; GSM, Global System for Mobile Communication; ROC, receiver operating characteristic; SPF, specificity; SSV, sensitivity.
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Table 4 Statistics for r=1000 bootstrapped binary logistic regression (GSM exposure coefficients: increase in risk per 
increase in log GSM (pW/m2)

Bootstrap Normal
95% percentile
intervals 95% CI

Symptom B* * Bias SE Lower Upper SE Lower Upper
Fatigue 0.329 0.012 0.097 0.155 0.539 0.102 0.128 0.529
Irritability 0.411 0.016 0.110 0.241 0.670 0.104 0.207 0.615
Headache 0.358 0.022 0.139 0.149 0.688 0.113 0.137 0.578
Nausea 0.319 0.013 0.124 0.099 0.590 0.118 0.088 0.550
Appetite 0.456 0.026 0.134 0.264 0.784 0.128 0.205 0.707
Sleep 0.396 0.022 0.124 0.193 0.690 0.109 0.181 0.610
Depression 0.346 0.012 0.102 0.174 0.583 0.100 0.151 0.541
Attention 0.429 0.020 0.118 0.254 0.711 0.106 0.222 0.636
Memory 0.237 0.009 0.098 0.057 0.448 0.091 0.058 0.415
Skin 0.217 0.008 0.110 0.011 0.451 0.110 0.001 0.433
Visual 0.203 0.004 0.093 0.037 0.398 0.090 0.026 0.379
Hearing -0.05 -0.002 0.089 -0.219 0.143 0.093 -0.228 0.135
Vertigo 0.306 0.010 0.101 0.127 0.530 0.102 0.107 0.505
Walking -0.05 -0.006 0.098 -0.265 0.120 0.098 -0.246 0.138
Vascular 0.274 0.010 0.109 0.084 0.520 0.114 0.051 0.497
Asymptotic SEs and 95% CIs are also shown for comparison.
*p coefficient (log OR).
GSM, Global System for Mobile Communication.

phone during a phone call is much higher than that 
received from BSs. Nevertheless, some authors13 stated 
about that there is no a priori argument why these lower levels 
should have no effect on the presence of a widespread use of 
mobile telephones. Exposure to a BS will be at a low but 
almost constant level for many hours of the day and 
especially at night.

While GSM exposure was associated with most of the 
symptoms, walking difficulties and hearing loss were cor
related only with age. Age also remained slightly 
inversely associated with irritability. Users of cellular 
phones were more prone to symptoms of loss of appetite 
and vertigo, while those who expressed worry about 
the BSs were associated with sleep problems. This 
later finding was in concordance with two other arti- 
cles.13 20 26 However, worry about the BSs was unrelated 
with age, gender or subjective distance to BSs. This 
agrees with an article36 claiming that there was no statis
tically significant association between symptom occur
rence associated with perceived proximity to BSs, 
psychological components, sociodemographic character
istics and distance to BSs or power lines.

Some authors indicated that opponents of mobile 
phone towers generally do not express anxieties about 
EMF exposure, indicating that the risk rating is compar
able with other commonly perceived hazards in the
modern world.37

None of the analysed covariates behaved as confoun- 
ders. The relationship of GSM exposure with irritability, 
sleep troubles, lack of appetite and vertigo remained 
statistically significant despite the introduction of the 
above covariates.

When the conventional multivariate analysis was tested 
using bootstrapping it was observed that the SE and CIs 
obtained by resampling were similar to those calculated 
from asymptotic approximation and this supports the 
adequacy of our conventional analysis. Our sample, 
chosen at random, represents the population from 
which it came.

The model appeared generally well adjusted while the 
cut-off values could constitute good guidance for pre
dicting the threshold of symptom appearance.

We cannot truly state that residents were more worried, 
equally worried or less worried than elsewhere in this 
region, since we cannot provide the percentage of those 
worried about the BS masts in La Nora compared with 
other nearby places. However, information about this 
issue was widespread in this region at the time, and the 
circumstances at La Nora were shared with most other 
small urban and rural areas. The sample was randomly 
selected but a participation bias cannot be ruled out 
since most of our participants expressed fear regarding 
BSs and this could contribute to their participation in the 
study. It is also possible to speculate that the percentage 
of participants who refused to participate did so for the 
opposite reasons (indifference about BSs). In this regard, 
neither health status nor subjective distance to the BS 
explained a willingness to participate in the study.

Concerns about radiation from BSs were not related 
to age, sex or subjective distance to BSs. This agrees with 
statements from several authors13 that living near a BS 
does not make people generally fearful, but people who 
generally worry about fields express stronger fears when 
they live close to a station.
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Nevertheless, irrespective of these explanations, there 

seems to be effects of exposure that occur independ
ently of the fear felt by the participants, since control
ling for fear did not change the association between 
exposure and symptoms. However, the late query about 
concerns (as a possible confounder) may render the 
results less valid. In contrast to our findings, note that 
biological grounds explaining non-thermal effects have 
not been clearly established. Recently, it has been stated 
that voltage-gated calcium channels are essential to the 
beneficial or adverse responses to microwave EMFs, 
nanosecond EMF pulses and static electrical and mag
netic fields.38

In summary, the results of this study indicate that 
effects of very low but long-lasting exposure to emissions 
from mobile telephone BSs on well-being cannot be 
ruled out. The effects almost completely matched the 
symptoms described within the microwave syndrome. 
Finally, unravelling the causal pathways would be best 
performed with an experimental study design.

CONCLUSIONS
This new study partially confirms our preliminary results 
about microwave sickness resulting from exposure to emis
sions from GSM mobile phone BSs. Fatigue, irritability, 
lack of appetite, sleep troubles, depression and lack of con
centration were especially related with GSM exposure.

These results were independent of the main sociode
mographic variables, other EMF exposures and anxiety 
about being irradiated. Nevertheless, we confirm that 
apprehension about modern technology could predict 
some symptoms, especially those related with sleep 
problems.

Our results agree with those who claimed that by dis
torting perceptions of risk, disproportionate precaution might 
paradoxically lead to illness that would not otherwise occur.39 
However, health changes related with GSM exposure 
seem to occur in a manner unrelated with those fears. 
Finally, exposure was very low during the period and 
also very low in comparison with Spanish recommenda- 
tions40 and international guidelines.41

Recommendations
We subscribe to the guidelines observed by other 
authors42 in following the principle of prevention while 
the non-thermal effects are not considered in any offi
cial standard. This includes exposure minimisation 
within the limits of technical feasibility to guarantee a 
significant reduction in long-term radiation exposure 
to cellular phone towers in residential areas. 
Epidemiological and clinical studies should continue to 
observe possible health changes in the population. 
Finally, clear information about the correct use of newer 
electronic devices should be implemented.
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LONG-TERM EXPOSURE TO MICROWAVE RADIATION PROVOKES 

CANCER GROWTH: EVIDENCES FROM RADARS AND MOBILE
COMMUNICATION SYSTEMS

I. Yakymenko12* *, E. Sidorik1, S. Kyrylenko3, V. Chekhun1
IR.E. Kavetsky Institute of Experimental Pathology, Oncology and Radiobiology of NAS of Ukraine,

Vasylkivska str. 45, Kyiv 03022, Ukraine
2Bila Tserkva National Agrarian University, Soborna pl. 8/1, Bila Tserkva 09117, Ukraine 

3Masaryk University, Kamenice 5, A6, Brno 625 00, Czech Republic

In this review we discuss alarming epidemiological and experimental data on possible carcinogenic effects of long term exposure 
to low intensity microwave (MW) radiation. Recently, a number of reports revealed that under certain conditions the irradiation 
by low intensity MW can substantially induce cancer progression in humans and in animal models. The carcinogenic effect of MW ir
radiation is typically manifested after long term (up to 10 years and more) exposure. Nevertheless, even a year of operation 
of a powerful base transmitting station for mobile communication reportedly resulted in a dramatic increase of cancer incidence 
among population living nearby. In addition, model studies in rodents unveiled a significant increase in carcinogenesis after 
17-24 months of MW exposure both in tumor-prone and intact animals. To that, such metabolic changes, as overproduction of re
active oxygen species, 8-hydroxi-2-deoxyguanosine formation, or ornithine decarboxylase activation under exposure to low inten
sity MW confirm a stress impact of this factor on living cells. We also address the issue of standards for assessment of biological 
effects of irradiation. It is now becoming increasingly evident that assessment of biological effects of non-ionizing radiation based 
on physical (thermal) approach used in recommendations of current regulatory bodies, including the International Commission 
on Non-Ionizing Radiation Protection (ICNIRP) Guidelines, requires urgent reevaluation. We conclude that recent data strongly 
point to the need for re-elaboration of the current safety limits for non-ionizing radiation using recently obtained knowledge. We also 
emphasize that the everyday exposure of both occupational and general public to MW radiation should be regulated based on a pre
cautionary principles which imply maximum restriction of excessive exposure.
Key Words: non-ionizing radiation, radiofrequency, tumor, risk assessment, safety limits, precautionary principle.

INTRODUCTION
Electromagnetic radiation (EMR) became one of the 

most significant and fastest growing environmental fac
tors due to intensive development of communication 
technologies during the last decades. Currently, ac
cording to expert estimations, the level of electromag
netic radiation from artificial sources exceeds the level 
of natural electromagnetic fields by thousand folds. The 
active development of mobile communication technolo
gies over the world will only raise this level further. In this 
connection the problem of possible adverse effects 
of anthropogenic EMR on human health and particularly 
strictest assessment of possible carcinogenic effects 
of EMR is extremely important.

In August 2007 an international working group of re
nowned scientists and public health experts released 
a report on electromagnetic fields (EMF) and human

Received: March 21,2011.
*Correspondence: Fax: +380456351288;

E-mail: yakymenko@btsau.net.ua 
Abbreviations used: 8-OH-dG — 8-hydroxi-2-deoxyguanosine;
EGF — epidermal growth factor; EMF — electromagnetic field;
EMR — electromagnetic radiation; ERK — extracellular-signal- 
regulated kinase; GSM — Global System for Mobile communication; 
ICNIRP — International Commission on Non-Ionizing Radiation 
Protection; MW — microwaves; NHL — Non-Hodgkin lymphoma; 
ODC — ornithine decarboxylase; OER — observed expected ratio; 
OR — odds ratio; ROS — reactive oxygen species; SAR — specific 
absorption rate; SIR — standardized incidence ratio; SMR — stan
dardized mortality ratio; WHO — the World Health Organization.

health [1]. It raised a serious concern about safety 
limits for public electromagnetic irradiation from power 
lines, cell phones, radars, and other sources of EMF 
exposure in daily life. The authors concluded that the 
existing public safety limits were inadequate to protect 
public health. Moreover, very recently a vast number 
of new extremely important studies in this field have 
been published. Importantly, nowadays the problem 
is discussed on highest political level over the world. 
It appears that the most sound political document 
in Europe is a European Parliament Resolution from 
April 2, 2009 (www.europarl.europa.eu), where the 
direct appeals to activate the research and business 
strategy for effective solving of the problem over the 
member states were indicated.

In this review we would like to analyze the results 
of studies on specific biological effects of microwaves 
(MW), both epidemiological and experimental that 
deal with cancer promotion by long term low inten
sity microwave irradiation of human/animal beings. 
We will concentrate on unequivocal studies and will 
not analyze ambiguous data. For additional analysis 
of microwave risks we can recommend recently pub
lished reviews [2-10].

MICROWAVES OF RADARS AND MOBILE
COMMUNICATION SYSTEMS
Microwaves are non-ionizing electromagnetic 

radiation. That means MW is a type of electromag
netic radiation which does not carry enough energy

mailto:yakymenko@btsau.net.ua
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for ionization of atoms and molecules under normal 
conditions and unlike the ionizing radiation this kind 
of radiation generally has not enough energy for 
breaking the intermolecular bonds or for breakaway 
of electrons from atoms or molecules. MW comprise 
a part of radiofrequency range. Radiofrequency radia
tion (RF) refers to electromagnetic waves with a rate 
of oscillation of electromagnetic fields in the range 
from 30 kHz to 300 GHz. As any other electromagnetic 
waves, the radio waves are pulses of electric and mag
netic fields. These fields regenerate each other as they 
move through the space at the speed of light. MW have 
frequencies from 300 MHz to 300 GHz. As MW have 
the highest frequency among other RF, it carries the 
highest energy and produce most thermal effect upon 
interaction with the matter.

The main sources of radiofrequency radiation dur
ing a long period in previous century were broadcast
ing systems. In some cases, for example, in military 
and aviation the most powerful local sources of radio
frequency radiation were and still are radars (RAdio De
tection And Ranging). However, the situation changed 
dramatically for general population during recent 
decades; and currently the most prevailing sources 
of RF in nearest human environment are mobile com
munication systems. It is important that both radars 
and systems for mobile communication use the same 
microwave part of radiofrequency spectrum.

Radar systems are type of powerful sources 
of pulsed MW which generally effect only certain groups 
of military or service staff or population living nearby. 
Radars are detection systems which use MW to deter
mine both moving and fixed objects like aircraft, ships, 
missiles, etc. Depending on the tasks they use different 
frequencies of MW, from 1GHz to 12 GHz.

Mobile communication systems are undoubt
edly the most source of MW in human environment over 
the world nowadays. Starting from the first commercial 
mobile phone networks in Japan, Europe and USA 
since 1979-1983 the number of active users of mo
bile telephony increased globally to over five billion. 
In developed countries the number of cellular phone 
users today is over the point of saturation. It means 
that many people use more than one cell phone. The 
initial age of youngest users of cell phone is estimated 
as three years old [5].

Mobile communication technology utilizes MW for 
connection of cell phones and base transmitting sta
tions. Phone refers to as mobile because it is free 
from wire connection and it refers to as cellular/cell 
because technology utilizes cellular network principle. 
All area is covered by many base transmitting stations, 
each station operates in one cell (part of area) and cell 
phone automatically changes the station when moves 
from one cell to another. In GSM (Global System for 
Mobile communication) standard, which covers about 
80% of all services over the world the frequencies 
of electromagnetic waves used are about 850; 900; 
1850; or 1900 MHz, which belongs to the microwave 
range. The useful information (sounds or images)

is transferred by modulation of electromagnetic wave 
frequency. In GSM standard TDMA (Time Division Mul
tiple Access) principle is realized. This means a part
time access of each consumer to the logical channel 
with frequency of channel rotation about 217 Hz. Thus, 
both base transmitting stations and cell phones emit 
MW modulated according to the digital standard.

SAFETY LIMITS FOR MICROWAVE
RADIATION
The main international recommendations on safety 

levels of non-ionizing electromagnetic radiation 
is Guidelines for Limiting Exposure to Time-Varying 
Electric, Magnetic, and Electromagnetic Fields 
(up to 300 GHz) of International Commission on Non
Ionizing Radiation Protection [11]. The document gives 
recommended safety limits in all ranges of EMR both 
for occupational and general public exposure. “Basis 
for limitation exposure” is dramatically important for 
understanding the imperfection of this document. 
Accordingly, the document directly states that “Induc
tion of cancer from long-term EMF exposure was not 
considered to be established, and so these guidelines 
are based on short-term, immediate health effects 
such as stimulation of peripheral nerves and muscles, 
shocks and burns caused by touching conducting 
objects, and elevated tissue temperatures resulting 
from absorption of energy during exposure to EMF.” 
However, the basic assumption of that is questioned 
nowadays by numerous data sources.

According to that document a few parameters 
of EMR energy are recommended to be restricted. 
Among them the two parameters are used the most 
often: 1) Specific Absorption Rate (SAR) in W/kg, 
which indicates the EMR energy absorbed per mass 
unit of human tissue per second; and 2) power density 
or intensity of incident radiation in W/m2 (or |jW/ cm2) 
which indicates the amount of electromagnetic en
ergy which falls on a unit of surface (under the right 
angle) per second. SAR safety limit for general public 
exposure indicated in Guidelines as 2 W/kg (for head 
and trunk) for the microwave range. To that, this 
limit is accepted by industry as mandatory for every 
commercial cell phone over the world, and real value 
of SAR of each cell phone model must be indicated 
in technical specification of the model. Unfortunately, 
SAR is rather sophisticated index for measurement. 
Moreover, only models of adult human head are cur
rently used by industry for calculation of SAR, while 
real SAR values depend on a geometry and structure 
of tissues and, for example, was shown to be much 
higher for a child head than for the adult one [12-14].

Power density, or intensity of radiation, is much 
more direct and simple index as compared to SAR, 
although it does not estimate the specificity of inter
action of EMR and the matter. Occupational exposure 
limits in microwave range according to ICNIRP are 
10-50 W/ m2. Public exposure limits for microwaves 
according to ICNIRP recommendation were set 
to 2-10 W/m2 (or 200-1000 |jW/cm2) depending on fre
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quency. For example, for GSM-900 MHz standard IC
NIRP safety limit will be calculated as 450 nW/cm2 [11].

It is important to note that ICNIRP recommenda
tions have no legal validity, as it is only a recommenda
tion. Each country has their own national legislation 
in the field of electromagnetic safety, and national 
limits are rather different in different countries. Some 
countries such as the USA and Germany conformed 
national EMR limits to ICNIRP recommendation. Other 
countries have much tougher national limits as com
pared with ICNIRP guidelines. For example, for GSM- 
900 MHz standard MW safety limits are: in Italy, Russia 
and China — 10 nW/cm2, in Switzerland — 4 nW/cm2, 
in Ukraine — 2.5 nW/cm2 [1]. As we can see, some 
countries, including Ukraine, have extremely strict 
national safety limits. Such national positions are 
explained first of all by long-term national research 
traditions in a field of electromagnetic biology, and 
on experience in studying the non-thermal biological 
effects of this kind of radiation. On the other hand, 
some countries like Switzerland follow a strict precau
tionary principle (Better protect than sorry).

RADAR RADIATION AND CANCER
PROMOTION
Substantial military and occupational data indicate 

a significant effect of pulse microwaves on cancer de
velopment and other pathological conditions in human. 
Accordingly, a statistically significant increase in imma
ture red blood cells among workers exposed to a radar 
was reported [15]. In addition, radar-exposed work
ers had significantly lower levels of leukocytes and 
thrombocytes than workers distant from MW sources.

Among Polish soldiers (128 thousand person
nel subjects aged from 20 to 59 years), soldiers 
of 20-29 years old exposed to radar microwaves dur
ing 1970-1979 had cancer incidence rates 5.5 folds 
higher than non-exposed soldiers [16]. The greatest 
rise of cancer cases was detected in blood-forming 
organs and lymphatic tissues: by 13.9 folds for chronic 
myelocytic leukemia and 8.6 folds for myeloblastic 
leukemia. The level of mortality among all exposed 
personnel was significantly higher than in unexposed: 
for colorectal cancer (observed-expected ratio, OER 
3.2; 95 %), for cancer of esophagus and stomach 
(OER 3.2; 95 %), cancer of blood-forming system and 
lymphatic tissues (OER 6.3; 95 %) [17].

Almost two times more cases of cancer were 
indicated in the high-exposed American naval per
sonnel served during the Korean War (1950-1954) 
as compared with the low-exposed subjects among 
40 thousands of personnel [18]. Death rates for avia
tion electronic technicians, the group with the highest 
exposure rate, were significantly higher than those 
for the other personnel during the following years 
up to 1974 [15].

A very substantial increase in cancer incidence 
was also detected in commercial airline pilots. Thus, 
the standardized incidence ratio (SIR) for malignant 
melanoma cases was 10.2; 95.5 % for pilots of com

mercial airlines in Iceland [19]. Significantly increased 
risks of acute myeloid leukemia (SIR 5.1), skin can
cer, excluding melanoma (SIR 3.0) and total cancer 
(SIR 1.2) were observed also among Danish male jet 
pilots [20]. These data have been explained as a result 
of excess cosmic ionizing radiation or even excessive 
sun radiation during a leisure time. However, analysis 
of brain cancers among US Air Force personnel has 
revealed that non-ionizing radiation and particularly 
MW had significant effect on cancer development 
(odds ratio, OR 1.38; 95%), whereas ionizing radiation 
had negative association with cancer cases (OR 0.58; 
95 %) [21]. To that, standardizing mortality ratio (SMR) 
for brain tumors was 2.1; 95 % among German male 
cockpit crew members (6,017 people) [22]. Cancer 
risk was significantly raised (risk ratio 2.2; 95%) 
among cockpit crew members employed for 30 years 
as compared to those employed for less than 10 years. 
In addition, Non-Hodgkin’s lymphoma (NHL) was also 
increased (SMR 4.2; 95%) among male cabin crew 
members (20,757 people). Importantly, any increase 
in cancers associated with ionizing (cosmic) radiation 
was not detected in this cohort study.

In another report, six incident cases of testicular 
cancer occurred within a cohort of 340 police offi
cers between 1979 and 1991 in Seattle, Washington, 
observed/expected ratio was 6.9; p<0.001 [23]. Oc
cupational use of hand-held radar was the only shared 
risk factor among all six officers, and all had a routine 
habit of keeping the radar gun directly in close proxim
ity to their testicles. Similarly, in Ontario, Canada risk 
assessment among police officers exposed to radar 
devices for speed measurement (1,596 females and 
20,601 males) revealed an increased risk among 
men for testicular cancer (SIR 1.3) and for melanoma 
(SIR 1.45; 95 %) [24].

In another study, eighty seven persons work
ing with radars (and 150 matched control) were 
divided into risk groups according to frequencies 
of MW (200 KHz to 26 GHz) and power density 
(8 nW/cm2 to 300 nW/cm2) [15]. Three specific radia
tion cataracts in persons working with extremely high 
MW exposure were identified. Lens changes were as
sociated with level of exposure in different risk groups.

Other occupational studies revealed the highest risk 
ratio (2.6) for acute myelogenous leukemia in radio and 
radar operators among all occupational groups studied 
[25]. In addition, excessive risk for breast cancer was 
detected (SIR 1.5) among Norwegian female radio 
and telegraph operators (2,619 women) with potential 
exposure to radio frequency (405 kHz — 25 MHz) [26].

RADIATION FROM MOBILE
COMMUNICATION SYSTEMS AND
CANCER PROMOTION
Cell phones. A significant increase of risk of par

ticular brain tumors in long-term (10 years or more) 
users of cell phones and cordless phones has been 
detected in series of epidemiological studies of Swed
ish oncologist Prof. L. Hardell with colleagues [27-33].
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It is important that for a short-term use of cell phones 
similar effects were absent or less evident [4].

The risk of development of high-grade glioma has 
increased in more than 3 times (OR 3.1; 95 %) for bi
lateral users of cell phones and in more than 5 times 
(OR 5.4; 95%) for ipsilateral users after 10 years 
of using [34].

The risk of development of acoustic neuroma for 
bilateral users of cell phones was OR 2.9; 95% and 
OR 3.5; 95 % for ipsilateral users after 10 years of us
ing [29].

Notably, the highest risk of brain tumors has been de
tected in the youngest users of cell phones (20-29-yr) 
among all analyzed age groups (20-80 years old), 
with OR 5.91; 95% for ipsilateral use of cell phones. 
The highest risk was associated with more than 5-year 
using period in the 20-29-yr age group for analog cell 
phones (OR 8.17; 95%) [28].

International multiyear Interphone project con
ducted under the management of the World Health 
Organization and substantially supported by in
dustry, was an interview-based case-control study 
with 2708 glioma and 2409 meningioma cases and 
matched controls, conducted in 13 countries using 
a common protocol [35]. The results of study were 
rather controversial. For example, authors were forced 
to declare “a reduced odds ratio related to ever having 
been a regular mobile phone users was seen for glioma 
(OR 0.81; 95 %) and meningioma (OR 0.79; 95 %), 
possibly reflecting participation bias or other method
ological limitations.” However, significantly increased 
risks of tumors development in “heavy” users of cell 
phones (with more than 1640 hours of using during less 
than four years) have been revealed in this study: for 
meningioma OR 4.8; 95 %, for glioma OR 3.77; 95% 
as compared with the matched controls [35]. One 
thousand and six hundred forty hours per four years 
means about one hour per day of a cell phone use. 
In this connection we can point to our data [36] that 
indicates amount of time which Ukrainian students 
(like students in other countries?) spend talking via 
cell phones every day. Our findings indicated that more 
than a half of them spend over one hour per day, and 
more than a quarter of them spend over two hours per 
day talking via cell phones every day.

Parotid gland, like a human brain, is another 
potential target for cell phone MW radiation during 
cell phone talks without hands-free devices. Thus, 
a study done by an Israeli team has indicated an as
sociation between a cell phone use and parotid gland 
tumors [37]. This study comprised 402 benign and 
58 malignant cases of parotid gland tumors diagnosed 
in Israelis at age over 18 years in 2001-2003. The risk 
of parotid malignant tumors in intensive users of cell 
phones (for users with more than 5,479 hours of a use 
during less than five years) were OR 2.26; 95%. 
Recently new data have been published that totally 
a 4-fold increase of parotid malignant tumors in Israel 
during 1970-2006 took place, whereas other salivary 
glands tumors had been almost on a stable level

during that period of time [38]. Previously, a Finnish 
study has revealed the OR 5.0; 95% for salivary gland 
cancer among all Finland digital cell phone subscribers 
compared with control population after one-two years 
of a cell phone use [39].

The odds ratio for Non-Hodgkin’s lymphoma 
of T-cell, cutaneous and leukemia types has been 
found for analogue-cell-phone users as 3.4; 95%; for 
digital-phone users 6.1; 95 %; and for cordless-phone 
users 5.5; 95% by L. Hardell group [40]. An American 
study indicated OR 1.6; 95 % for NHL in users of cell 
phones with a period of use over eight years [41].

Uveal melanoma (in analysis of 118 cases with 
uveal melanoma and 475 controls in Germany) has 
been indicated to have odds ratio 4.2; 95% for people 
probable/certain exposed to cell phone radiation [42].

Testicular cancer (seminoma) risk had odds ratio 
1.8; 95% for men keeping a cell phone during “stand 
by” in ipsilateral trousers pocket [43]. The results have 
been based on 542 cases of seminoma in Sweden.

Base transmitting stations. During the last de
cades more than one and half million base transmit
ting stations for mobile communication have been 
installed over the world. However, the World Health 
Organization suggested a priority to study effects 
mainly of cell phones, while discouraging studies 
on the effects of transmitting stations (with an excep
tion of years 2003-2006 when WHO recommended 
studies of possible effects of radiation of transmitting 
stations as well) [44]. This is probably the main reason 
why only a few publications on this particular problem 
can be found to date [45-49].

The comparison of cancer cases among people 
living up to 400 m from base transmitting station 
and people living further than 400 m from station 
during 1994-2004 was carried out in Germany [48]. 
A total increase of cancer cases among people living 
nearby to transmitting station over the control popu
lation was 1.26 times during the first five-year period 
(1994-1998), and 3.11 times during the second five- 
year period (1999-2004) of operation of the station. 
Particularly, in the second period the increase of can
cer cases was statistically significant both as com
pared with the population from more distant area and 
with the expected background incidence.

Population (n=622) living in the area nearby 
(up to 350 m) the cell phone base transmitting station 
(850 MHz, 1500 watt of full power) during one year 
of operation and matched individuals (n=1222) from 
other area have been compared In Israel [47]. There 
were 4.15 times more cases of cancer in transmitted 
station area than in the rest of a city. Relative cancer 
rates for females were 10.5 for close to station area, 
0.6 for control area and 1 for the whole town. Cancer 
incidence of women in close to base station area was 
significantly higher (p<0.0001) as compared with the 
control area and the whole city. Keeping in mind that 
very significant increase in a number of cancer cases 
took place during only one year period, the authors 
of the study suggested that MW could provoke latent
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cases of cancer in inhabitants of the area nearby 
transmitting station.

French and Spanish researchers also revealed 
that inhabitants living near base station for mobile 
communication (up to 300 m) developed significantly 
higher rates of many subjective symptoms of health 
like headache, fatigue, sleep disorder, depression 
as compared with the matched control from distant 
area [49, 50].

RODENT MODEL OF CANCER PROMOTION
BY MICROWAVES
A highly representative research has been carried 

out at the University of Washington, Seattle com
missioned by US Air Force [51]. The experimental 
rats (100 animals) were exposed during 24 months 
at 21.5 hours per day to 2,450-MHz pulsed microwaves 
at 800 pps with a 10 ns pulse width. The pulsed micro
waves were square-wave modulated at 8 Hz. An aver
age SAR was 0.4 W/kg for a 200-g rat. It was a model 
of long-term irradiation of Air Force pilots to pulsed 
microwaves of radar systems. Totally 155 indexes 
of metabolisms were checked out during the study. 
As a result, the most expressive effect of long-term 
MW irradiation of animals was a dramatic increase 
in a level of cancer cases. In total, 3.6 folds more 
cancer cases were detected in irradiated animals 
than in matched control. Lymphoma cases were diag
nosed in the irradiated animals 4.5 times more often 
than in the control group. In addition, benign tumors 
of adrenal were detected seven folds more often in the 
irradiated animals than in the control.

In the next study under US Air Force contract, 
200 female C3H/HeJ mice were exposed for 21 months 
(22 h/day, 7 days/week) to a horizontally polarized 
435 MHz pulse-wave (1.0 ps pulse width, 1.0 kHz 
pulse rate) RF radiation environment with an incident 
power density of 1.0 mW/cm2 (SAR 0.32 W/kg), while 
200 mice were sham-exposed [52]. Although under 
the conditions of this study, an exposure of mice 
prone to mammary tumors did not affect the incidence 
of mammary tumors, when compared with the con
trols, some other tumor cases increased markedly. 
For example, bilateral cases of ovary epithelial stromal 
tumor raised by five folds; multiple cases of hepato
cellular carcinoma, raised 3 folds, and adrenal gland 
tumor cases (total) raised 1.63 folds.

In the third published study of this series [53] the 
same prone-mammary tumor mice were irradiated 
during 20 months to continuous wave 2450 MHz 
MW radiation with SAR from 0.3 to 1 W/kg (20 h/day, 
7 days/week). A hundred mice were exposed, while 
100 mice were used as sham-exposed. As a result, the 
exposed mice had higher level of mammary tumors 
(1.27 folds), and higher total level of all types of tumor 
(1.38 folds) as compared with sham-exposed; the dif
ference between groups was statistically insignificant. 
Meanwhile, multiple mammary tumor cases occurred 
in exposed mice twice more frequently than in sham 
exposed.

In other study mice with high incidence of sponta
neous breast cancer and mice treated with 3,4-ben
zopyrene (BP) were irradiated to continuous wave 
2,450 MHz microwaves in an anechoic chamber 
at 5 or 15 mW/cm2 (2 hours daily, 6 sessions per 
week, 3 months) [54]. Irradiation with MW at either 
5 or 15 mW/cm2 resulted in acceleration of develop
ment of BP-induced skin cancer. Microwaves-exposed 
mice with high incidence of spontaneous breast cancer 
developed breast tumors earlier than control. Authors 
indicated that the promotion of cancer development 
and lowering of natural antineoplastic resistance 
was similar in mice exposed to MW at 5 mW/cm2 and 
chronically stressed by confinement, but level of can
cer cases in animals exposed to 15 mW/cm2 was sig
nificantly higher as compared to chronically stressed 
by confinement control.

And in well-known study of M. Ripacholi et al. (1997) 
transgenic mice moderately predisposed to develop 
lymphoma spontaneously have been used for expo
sure to MW of 900 MHz, with pulse repetition frequency 
of 217 Hz, incident power densities of 2.6-13 W/m2, 
and average SAR of 0.13-1.4 W/kg [55]. One group 
of mice (101 females) has been exposed for two 30
min periods per day during 18 months. Another group 
of mice (100 females) has been a sham-exposed 
control. Lymphoma risk was significantly higher, more 
than twice, in the exposed mice than in the matched 
control (OR 2.4; 95 %). In particular, follicular lym
phoma was the major contributor to the increased 
tumor incidence.

MICROWAVES AND CELL METABOLISM
Free radical species, including reactive oxygen 

species (ROS), is an intrinsic feature of cell metabolism 
[56-58]. But disturbance of redox balance, uncon
trolled activation of free radical processes, overpro
duction of ROS and/or suppression of antioxidant 
defense in cell often are the important signals of some 
hazardous changes in cell metabolism [59, 60]. That 
is why data indicated oxidative effect of some factor 
is extremely important in risk-assessment research.

A significant increase of ROS and nitrogen oxide 
generation in cells under non-thermal intensities 
of MW has been detected both in vivo [61-67] and 
in vitro [68-72]. Possibilities of mitochondrial and 
membrane NADH oxidase dependent ways of ROS 
generation in exposed cells have been suggested 
[71,72]. Accordingly, it was found that the first step 
in MW (875 MHz, 0.07 mW/cm2) interaction with model 
cells (Rat1 and HeLa) was mediated in the plasma 
membrane by NADH oxidase, which can rapidly (dur
ing the minutes) generate ROS [72]. ROS directly 
stimulate matrix metalloproteinases and allow them 
to cleave and release heparin-binding epidermal 
growth factor (EGF). This secreted factor activates the 
EGF receptor, which in turn activates the extracellular- 
signal-regulated kinase (ERK) cascade and thereby 
induces transcription and other cellular pathways. 
On the other hand, on the model of purified human
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spermatozoa exposed to MW (1.8 GHz, SAR from 
0.4 W/kg to 27.5 W/kg) a significant overproduction 
of ROS in mitochondria was detected, along with 
a significant reduction in motility and vitality of sper
matozoa [71]. All observed effects were significantly 
correlated with SAR levels, suggesting that significant 
effects of MW exposure occurred under non-thermal 
levels of MW.

Therefore, MW can induce cellular oxidative stress, 
which in turn can cause cancer stimulation [57, 59]. 
To that, it is known nowadays that in addition to dam
age via oxidative stress, ROS in cells can play a role 
of a secondary messenger for certain intracellular 
signaling cascades which can induce oncogenic 
transformation [60].

DNA damage in cells exposed to low-intensive 
microwaves both in vivo and in vitro was demonstrated 
during the last years in more than 50 independent stud
ies [73]. The most often method used for detection 
of DNA damage after the MW exposure was alkaline 
Comet Assay. A statistically significant increase of both 
single strand and/or double strand breaks of DNA has 
been detected in humans [74 , 75], animal models 
[76-79] and cell cultures [76, 80-83] exposed to low 
intensity microwaves.

Recently, an oxygen damage of DNA in human 
spermatozoa through formation of 8-hydroxi-2-deoxy- 
guanosine (8-OH-dG) under non-thermal microwaves 
irradiation in vitro has been demonstrated [71].

Consequently, as DNA mutation is a critical step 
in carcinogenesis and increased level of 8-OH-dG takes 
place in many tumors [60], the possibility of MW to initi
ate oxidative damage of DNA is extremely dangerous 
signal for risk-assessment studies.

Ornithine decarboxylase (ODC) significantly 
changes its activity under conditions of non-thermal 
microwave exposure [84-88]. It was one of the first 
markers of carcinogenesis revealed to be activated 
under the low intensity microwaves exposure. ODC 
is involved in processes of cell growth and differentia
tion, and its activity is raised in tumor cells. Although 
overexpression of ODC is not sufficient for transfor
mation of normal cells into tumorigenic ones, an in
creased activity of the enzyme was shown to promote 
the development of tumors from pre-tumor cells [89].

DISCUSSION AND CONCLUSIONS
In this review we presented evidences for carcino

genic effects of low intensity microwaves. Both epide
miological and experimental data led us to a conclu
sion that at least under certain conditions the exposure 
to long term low intensity MW can lead to tumorigen- 
esis. Supporting evidences come from statistically 
significant epidemiological data based either on long
term analysis, e.g., on mortality of US Navy personnel 
in 20 years after expose during the Korean War [15], 
or on relatively short, one year exposure, e.g., by base 
transmitting station for mobile communication in Israel 
[47]. In the latter case we fully agree with the authors 
that MW exposure most likely results in acceleration

of pre-existed cancer development. It is of note here 
that the same conclusion was drawn in epidemiologi
cal research on fast increase cancer incidence among 
adult population in Colorado exposed to extremely low 
frequency radiation [90].

The main shortcoming of the most epidemiologi
cal data, both in military studies and in mobile com
munication risk assessment, is a lack of a strict dose 
measurement of exposure. We strongly suggest that 
in the forthcoming epidemiological studies the correct 
measurement of intensity and dosage of exposure 
should be obligatory. The example of a large-scale 
epidemiological research employing personal MW do
simeters can be found in recent studies in Germany 
[91-94]. On the other hand, we also realize that the 
levels of the MW exposure in contemporary epidemi
ological studies, at least in those which deal with mo
bile communication systems, were within the official 
“safety limits” set by appropriate national standards 
and ICNIRP recommendations. Therefore, taking into 
account the reviewed data, we conclude that the relati
vely long-term (e.g., 10 years) exposure to microwaves 
emitted from mobile communication devices operating 
within “safety limits” set by current regulating bodies 
can be considered as a potential factor for promotion 
of cancer growth. Indeed, in the most studies on ro
dents the intensity of MW exposure was appropriately 
measured, and in majority of them the MW intensity 
was below ICNIRP safety limits. Nevertheless, majority 
of these studies to a greater or lesser extent demon
strated obvious carcinogenic effects after long term 
exposure (up to 24 months). This further emphasizes 
that at least under certain conditions the exposure 
to both pulsed and continuous MW with intensities 
below the current official “safety limits” can indeed 
promote cancer development.

In addition, experimental evidences of involve
ment of typical markers of carcinogenesis like over
production of reactive oxygen species or formation 
of 8-OH-dG under conditions of MW exposure further 
indicate potential danger of this type of radiation 
for human health. It is important to emphasize here 
that experimental data, especially obtained in stud
ies in vitro often reveal significant biological effects 
even after short-term (e.g., only a few minutes) [72] 
and/or extremely weak intensity of exposure to MW 
(by several orders of magnitude lower than in ICNIRP 
recommendations) [95]. Taking these data into ac
count we strongly suggest that currently used “ther
mal” assessment of potential hazards of MW exposure 
is far from being appropriate and safe.

Taken together, we state here that nowadays there 
is enough convincing data to appropriately assert that 
the long-term exposure to low intensity electromag
netic microwaves can indeed promote cancer develop
ment. To that, the official recommendations by ICNIRP 
and safety limits set by many national regulatory 
bodies for technical devices emitting microwave ra
diation, first of all for mobile communication systems, 
must be re-assessed according to the recent alarming
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data; and additional studies for unprejudiced risk as
sessment must be carried out. At present, we strongly 
suggest for a wide implementation of precautionary 
principle for everyday microwave exposure that implies 
maximum restriction of excessive exposure.
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Reassessment of Federal Communications )
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Policies )

)
Proposed Changes in the Commission's Rules )
Regarding Human Exposure to Radiofrequency )
Electromagnetic Fields )

)

ET Docket No. 13-84
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REPLY COMMENTS OF CITIES 
OF BOSTON AND PHILADELPHIA

The Cities of Boston, Massachusetts and Philadelphia, Pennsylvania hereby reply to the 

comments of others in the Notice of Proposed Rulemaking (“NPRM”) and Notice of Inquiry (“NOI”) in 

the captioned proceeding.1 The FCC’s last broad review of safeguards against human exposure to non

ionizing radio frequency (“RF”) radiation began 20 years ago and adopted in 1996 the regulations found 

at 47 C.F.R §§ 1.1307, 1.1310, 2.1091 and 2.1093. In 2003, the FCC opened Docket 03-137, ostensibly 

not to change the protective standards but to consider issues of compliance and enforcement.2 The 

present combined review of standards and compliance is thus long overdue.3

A Dilemma for Local Governments

For the better part of two decades, local authorities responsible for the zoning of wireless 

antennas have been caught on the horns of a dilemma. On the one hand, their authority is clear over the 

“placement, construction, and modification of personal wireless service facilities,” subject only to certain

1 In the same FCC document, FCC 13-39, released March 29, 2013, a Report and Order concluded, among other 
decisions, that the outer ear, or pinna, should be classified as an extremity akin to hands, wrists, feet and ankles for 
purposes of protection from radio frequency (“RF”) radiation. The Order is under a Petition for Reconsideration for 
which oppositions/comments are due September 11, 2013, and replies September 23, 2013, 78 Federal Register 
52893, August 27, 2013.
2 The decision to re-classify the pinna was, however, a substantive change for which the FCC claims to have given 
due notice. Order, ^ 43.
3 “Telecommunications: Exposure and Testing Requirements for Mobile Phones Should be Reassessed.” 
http://www. gao.gov/assets/600/592901 .pdf

http://www._gao.gov/assets/600/592901_.pdf
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due-process limitations arising from Congress’ desire for a speedy deployment of these services - which 

include cellular telephony.4 On the other hand, the FCC’s authority over radiation from personal wireless 

service facilities is preemptive.5 That is, local zoning authorities may not base their decisions about 

placement, construction and modification of personal wireless service facilities on concerns about RF 

radiation so long as those facilities comply with FCC regulations.

Differing reactions to this dilemma have been offered by the Town of Hillsborough, California, 

on the one hand,6 and Pima County and the City of Tucson on the other. 7 For its part, Hillsborough asks 

the FCC to speak in “clear English, understandable to the citizens who will be affected,” on why U.S. 

radiation protection standards “are far higher than standards in effect in other countries;” health risks of 

long-term exposures; and effects on “at-risk populations” of children, the infirm and the elderly. Given 

the mutual interest of federal and local governments in wireless antenna collocation, the FCC should 

promulgate easy-to-use standards for evaluating “the cumulative impact of multiple transmitters in a 

single location.” Tucson, echoing Resolution 2009-188 of Pima County, calls on Congress to repeal 

Section 332(c)(7)(B)(iv), which precludes denial of wireless siting applications on the basis of the 

environmental effects of RF radiation so long as the applicant complies with federal safeguards.

Mediating the Dilemma

For this administrative proceeding, we must assume Congress will not repeal the radiation 

standards preemption. While the FCC is satisfied that the present regulations adequately protect humans 

against the thermal effects of RF radiation, many of the citizens who show up at zoning hearings on 

wireless placements are not.8 They expect reassurance from local officials. Unable to write their own 

standards, these officials at least must be able to demand proof of compliance with federal safeguards.

4 47 U.S.C. § 332(c)(7)(A), (B) and (C); H.R. Rept. 104-458, January 31, 1996, 207-09.
5 47 U.S.C. § 332(c)(7)(B)(iv).
6 Comments of City Manager Randy Schwartz, September 3, 2013.
7 Memorial adopted by Mayor and Council of Tucson August 6, 2013, citing also action by Pima County of 2009, 
placed on docket record 9-3-2013 by Elizabeth Kelley of Electromagnetic Safety Alliance.
8 Notes 6 and 7 supra; exchange of letters between John F. Deasy, Superintendent, Los Angeles Unified School 
District, and Julius Knapp, Chief, Office of Engineering and Technology, respectively May 13, 2013, and August 5, 
2013.
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Similarly in Boston, citizens who contact the City through its Telecomm offices, “Citizens 

Connect” CRM and Mayor’s Hotline, equally expect reassurance from local officials. Local officials 

regularly review performance testing reports from cable operators in order to identify possible radio 

frequency leakage, etc. Over the last decade, Boston has witnessed considerable investment, 

advancement and propagation of indoor and outdoor Distributed Antenna Systems (“DAS”), small cell 

deployment, wireless video surveillance and outdoor Wi-Fi. These new technology platforms are 

welcome advancements in communications benefits for consumers and quality of life for wireless device 

users. Frequently, the deployment of these devices necessitates public process and public grant-of- 

location. Local governments need - and their citizens demand - the assurance and comfort of full 

disclosure as it relates to the radio frequency transmission power and exposure potential and deployment 

and use of these devices. Unlike early cell tower deployment, today’s newer repeater network 

technologies are deployed in closer proximity to users. As such, potential exposure comes not from the 

receiving device - the phone - but rather the transmission device.

When the FCC last considered this problem, it decided not to specify how far these local demands 

could go.9 Rather, if a facilities applicant felt the required demonstration was oppressive, he could seek 

relief from the FCC. Conversely, a local government unhappy with an applicant’s proof of compliance 

could ask the Commission for help.10 The discussion at Appendix H of the Order maintains this status 

quo, in the hope that requests for FCC adjudication by either applicants or local zoning authorities would 

remain at the low level of the past 15 years. This discussion acknowledges, however, that some of the 

changes proposed in the NPRM - e.g., the elimination of most categorical exclusions now found at Table 

1 of Section 1.1307(b) - may increase referrals to the FCC for dispute resolution. With the parties now 

“on the clock” for consideration of wireless facility applications,11 we need a more expeditious means to 

resolve differences.

9 Procedures for Reviewing Requests for Relief From State and Local Regulations Pursuant to Section 
332(c)(7)(B)(v) of the Communications Act of 1934, Report and Order, 15 FCC Rcd 22821 (2000).
10 See, generally, Order, Appendix H, # 4, Local Government Concerns.
11 City of Arlington v. FCC, 133 S. Ct. 1863 (2013).
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The administrative dispute resolution provided for at Section 1.l8 of the Commission’s rules may 

be one answer. The Commission has considerable experience with the form of mediation practiced in the 

Market Dispute Resolution Division of the Enforcement Bureau, and could extend the practice beyond the 

sections of the Communications Act to which it is most often applied.12 The FCC also has the indirect 

experience of 800 MHz rebanding mediation as conducted by the Transition Administrator (“TA”).13 The 

Commission’s continuing preference for case-by-case adjudication over bright-line rules is commendable, 

but changes in the radiation density of the wireless environment and in the compliance/enforcement 

sections of the NPRM suggest a need for new and more expeditious dispute resolution techniques.

Uniformity Across Wireless Services

In place of the service-specific “categorical exclusions” from routine evaluation of RF radiation 

risks at Section 1.1307(b) of the Rules, the NPRM proposes 114-138) to standardize “exemptions” 

from such evaluation for single transmitters - fixed, mobile or portable - while allowing for a 1-watt 

blanket exemption. In general, this proposed uniformity should be easier for local governments to explain 

and for their constituents to understand. Given the broad support for uniform exemptions over categorical 

exclusions, the special pleading for, e.g., low-power metering exclusions should be refused.14

In joint Comments, Verizon and Verizon Wireless (“Verizon”) appear to assume that to be 

successful the new standards must result in the same or greater numbers of instances where routine 

evaluation is avoided. (Comments, 7) But the Commission’s objective of standardization on power, 

separation distance and frequency across all services never promises numerical equivalency of new 

exemptions and old categorical exclusions. Verizon misreads the Order as governing the NPRM when it 

cites | 103 for the proposition that “any changes to exemption criteria should not affect the exempt status 

of existing facilities.” In fact, the Order adopted no changes to exclusion criteria.

Nowhere in the discussion of the uniform criteria proposed by the NPRM is standardization 

synonymous with relaxation. To the contrary, the NPRM (| 116) refers prominently to commenters who

12 http://transition.fcc.gov/eb/mdrd/.
13 47 C.F.R. § 90.677(d); see also, http://www.800ta.org/content/resources/processes.asp#mediation.
14 Reply Comments, Utilities Telecommunications Council, November 4, 2013, 7.

http://transition.fcc.gov/eb/mdrd/
http://www.800ta.org/content/resources/processes.asp%23mediation
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expect the proposed new rules to “increase the number of new facilities requiring routine evaluation.”

One such example is discussed at | 114, where a relatively high-powered transmitter today could be 

excluded, even if less than 10 meters above ground, because it did not exceed the maximum ERP of 1000 

watts. The proposed standards recognize that unguided radiation is spherical and its effects cannot be 

evaluated by vertical separation distances alone.

Where multiple-transmitter sites are concerned, Verizon asks (8-9) to use any of four recited 

methods “in determining the contributions of each transmitter.” In the interests of simplicity and 

consistency, it would seem that all wireless providers at the site should agree upon a single method to use 

in that place, lest the differing methods produce skewed percentages. In some other site, a different 

method might be the consensus choice of the providers, but they should still agree upon that method.

Greater Transparency in Consumer Information

At ^234, the NOI asks “whether the Commission should consistently require either disclosure of 

the maximum SAR value or other more reliable exposure data in a standard format, perhaps in manuals, 

at point-of-sale, or on a website.” San Francisco’s effort in this regard was blocked by the wireless 

industry’s principal trade association, CTIA.15 Not surprisingly, CTIA’s answer in this proceeding is 

negative again. The trade association professes concern that additional disclosure - or easing access to 

available data - risks misleading consumers that phones or other wireless devices are unsafe.16 If that 

were the case, there would be no need for the disclosures on the labels of approved drugs.

In their Reply Comments (11), the City and County of San Francisco contend that the FCC would 

be justified in mandating warnings or compliance labels “as long as they convey truthful information in 

an unbiased format.”17 The FCC should adopt its proposal and publicize the information through 

manuals, point-of-sale and web site information.

15 See, e.g. http://www.nfib.com/press-media/press-media-item?cmsid=60968.
16 Comments, September 3, 2013, 34-46.
17 Citing Zauderer v. Office of Disciplinary Counsel, 471 U.S. 626, 651 (1986).

http://www.nfib.com/press-media/press-media-item?cmsid=60968
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CTIA also attacks the “precautionary principle” by which, in areas of scientific uncertainty, 

margins of safety are extended in case prevalent notions of sufficient protection are later proven wrong.18 

The trade association’s essential response is: “Trust us, the existing safeguards are more than adequate.” 

Some of the papers and comments on this record contradict such easy optimism.19 At least one court has 

approved a local government’s act of prudent avoidance of potential RF radiation hazard by alternative 

siting that did not significantly burden the industry applicant.20 We believe that judicial outcome should 

be acknowledged in the new rules.

Added Protection for Transients

At section IV.D of the NPRM (“Mitigation”), the FCC proposes that individuals “transiting” a 

potential radiation danger zone must not be exposed beyond “general population” limits which are lower 

than “occupational” maxima for trained workers. The NPRM also discusses warning signs and physical 

barriers as means of protection. The extra protection for transients is warranted.21 The warning signs and 

barriers should be considered minima that local authorities can exceed if necessary.

Verizon appears to recommend less monitoring, by urging “safe harbors” (10-15) at wireless sites 

that are physically difficult to access or where a provider cannot control the behavior of third parties.

This would seem to invite any number of easy excuses for RF radiation risks to untrained or unaware 

persons. The better solution, we believe, is give providers every incentive to inform third parties of these 

risks and enlist their help in protection. In the end, not all over-exposure can be prevented, but the facts 

of any given case should determine whether the provider or the interloper or some third party is to blame.

18 “The Precautionary Principle and EMF,” .
http://www.who.int/pehemf/meetings/southkorea/Leeka Kheifets principle .pdf Taking action on the principle is 
sometimes described as “prudent avoidance.”
19 E.g.,Comments of Cindy Sage and David Carpenter, summarizing Bio-Initiative of 2012, attached to multiple 
other comments; EMR Policy Institute; Blake Levitt and Henry Lai; Reply of Joel M. Moskowitz dated11-5-13.
20 New York SMSA Limited Partnership v. Town of Clarkstown, 99 F. Supp. 2d 381, 392 (SDNY, 2000)
21 Comments of International Brotherhood of Electrical Workers.

http://www.who.int/pehemf/meetings/southkorea/Leeka_Kheifets_principle_.pdf
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Help from Expert Agencies

At | 210 of the NOI, the FCC appeals for the help of other knowledgeable agencies such as EPA, 

FDA and NIOSH. Local government commenters with connections to these and other federal specialist 

agencies should echo the appeal and directly solicit their aid. The FCC admits its own lack of expertise in 

the field. (Order, | 6) But the overlap of federal agency responsibilities for RF radiation protection and 

the merely advisory status of the Radiofrequency Interagency Work Group often leaves leadership 

unclear and encourages a pass-the-buck attitude.22 We regret that no other federal agencies have seen fit 

to participate in the comment round, and we look forward to hearing from them on reply.

The 1999-2000 judicial challenge to the FCC’s 1996 rules23 never reached the issue of 

“electrosensitivity” as a cognizable disability under the Americans with Disabilities Act. (“ADA”) Here 

again, an agency responsible for ADA implementation acknowledges that the impairment may be 

disabling but has promised merely further inquiry. After more than a decade, that investigation remains 

unopened.24 The dockets here have been updated with massive additional evidence of the crippling 

effects of RF radiation on an admitted minority - but a suffering minority - of U.S. citizens.25 The FCC

22 http://www.fda. gov/radiation-
emittingproducts/radiationemittingproductsandprocedures/homebusinessandentertainment/cellphones/
23 Cellular Phone Taskforce v. FCC, 205 F.3d 82 (USCA-2, 2000).
24 67 Federal Register 56352, 56353, Architectural and Transportation Barriers Compliance Board, September 3, 
2002.
25 See, e.g. declarations attached to the Comments of EMF Safety Network.

http://www.fda._gov/radiation-
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and its sister regulatory agencies share responsibility for adherence to the ADA and should replace

promises with serious attention to a serious medical problem. This is one area where the FCC could lead

in advice to electrosensitive persons about prudent avoidance.

Respectfully submitted,

William F. Sinnott 
Corporation Counsel
CITY OF BOSTON, MASSACHUSETTS

CITY OF PHILADELPHIA LAW DEPT.
Shelley R. Smith, City Solicitor

Michael C. Athay, Chief Deputy 
Robert Sutton, Divisional Deputy 
City of Philadelphia Law Department 
1515 Arch Street, 17th Floor 
Philadelphia, PA 19102-1595 
(215)683-5062

J^mes R. Hobson
Gerard Lavery Lederer 
BEST BEST & KRIEGER 
2000 Pennsylvania Avenue, N.W., Suite 4300 
Washington, DC 20006
Counsel for the Cities of Boston, Massachusetts 

and Philadelphia, Pennsylvania
November 18, 2013
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WASHINGTON, D.C. 20240
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ERICA

In Reply Refer To: (ER 14/0001) (ER 14/0004).

Mr. Eli Veenendaal
National Telecommunications and Information 

Administration
U.S. Department of Commerce 
1401 Constitution Avenue, N.W.
Washington, D.C. 20230

Dear Mr. Veenendaal:

The Department of the Interior (Department) has reviewed the above referenced proposal and 
submits the following comments and attachment for consideration. Because the First Responder 
Network Authority (FirstNet) is a newly created entity, we commend the U.S. Department of 
Commerce for its timely proposals for NEPA implementing procedures.

The Department believes that some of the proposed procedures are not consistent with Executive 
Order 13186 Responsibilities of Federal Agencies to Protect Migratory Birds, which specifically 
requires federal agencies to develop and use principles, standards, and practices that will lessen 
the amount of unintentional take reasonably attributed to agency actions. The Department, 
through the Fish and Wildlife Service (FWS), finds that the proposals lack provisions necessary 
to conserve migratory bird resources, including eagles. The proposals also do not reflect current 
information regarding the effects of communication towers to birds. Our comments are intended 
to further clarify specific issues and address provisions in the proposals.

The Department recommends revisions to the proposed procedures to better reflect the impacts 
to resources under our jurisdiction from communication towers. The placement and operation of 
communication towers, including un-guyed, unlit, monopole or lattice-designed structures, 
impact protected migratory birds in two significant ways. The first is by injury, crippling loss, 
and death from collisions with towers and their supporting guy-wire infrastructure, where 
present. The second significant issue associated with communication towers involves impacts 
from non-ionizing electromagnetic radiation emitted by them (See Attachment).

In addition to the 147 Birds of Conservation Concern (BCC) species, the FWS has listed an 
additional 92 species as endangered or threatened under the Endangered Species Act. Together 
with the bald and golden eagle, this represents 241 species of birds whose populations are in 
trouble or otherwise merit special protection, according to the varying criteria of these lists. The 
Department suggests that FirstNet consider preparing a programmatic environmental impact 
statement (see attachment) to determine and address cumulative impacts from authorizing 
FirstNet projects on those 241 species for which the incremental impact of tower mortality, when
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added to other past, present, and reasonably foreseeable future actions, is most likely significant, 
given their overall imperiled status. Notwithstanding the proposed implementing procedures, a 
programmatic NEPA document might be tire most effective and efficient method for establishing 
best management practices for individual projects, reducing the burden to individual applicants, 
and addressing cumulative impacts.

Categorical Exclusions
The Department has identified 13 of the proposed categorical exclusions (A-6, A-7, A-8, A-9, A- 
10, A-11, A-12, A-13, A-14 A-15, A-16, A-17, and A-19) as having the potential to significantly 
affect wildlife and the biological environment. Given this potential, we want to underscore the 
importance of our comments on FirstNet’s procedural guidance under Environmental Review 
and Consultation Requirements for NEPA Reviews and its list of extraordinary circumstances in 
Appendix D.

Environmental Review and Consultation Requirements for NEPA Reviews 
To ensure there are no potentially significant impacts on birds from projects that may otherwise 
be categorically excluded, the Department recommends including the Migratory Bird Treaty Act 
and the Bald and Golden Eagle Protection Act to the list of requirements in this section.

Extraordinary Circumstances
To avoid potentially significant impacts on birds from projects that may otherwise be 
categorically excluded, the Department recommends including species covered under the 
Migratory Bird Treaty Act and the Bald and Golden Eagle Protection Act to the list of 
environmentally sensitive resources. Additionally, adding important resources to migratory birds 
such as sites in the Western Hemisphere Shorebird Reserve Network and Audubon Important 
Bird Areas to the paragraph on areas having special designation or recognition would help ensure 
their consideration when contemplating use of a categorical exclusion.

Developing the Purpose and Need
The Department recommends inclusion of language that would ensure consideration of all other 
authorities to which NEPA is supplemental as opposed to simply the FirstNet mission. As 
currently written, the procedures are limited to ensuring the purpose and need considers the 
FirstNet mission. If strictly applied, this approach would severely limit the range of reasonable 
alternatives, and likely preclude consideration of more environmentally benign locations or 
construction practices.

Environmental Review Process, Apply NEPA Early in the Process, Where Action is by 
Non-Federal Entity
The Department recommends that FirstNet be required to coordinate with federal agencies 
having jurisdiction by law or special expertise on construction and lighting of its network of 
towers.
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Thank you for the opportunity to comment on the draft document. If you have any questions 
concerning the comments, please contact Diana Whittington, NEPA Migratory Bird lead, at 
(703) 358-2010. If you have any questions regarding Departmental NEPA procedures, contact 
Lisa Treichel, Office of Environmental Policy and Compliance at (202) 208-7116.

Sincere

Willie R. Taylor 
Director, Office of Environmental Policy 

and Compliance

Enclosure



Literature Cited
Longcore, T., C. Rich, P. Mineau, B. MacDonald, D.G. Bert, L.M, Sullivan, E. Mutrie, S.A. Gauthreaux, 

Jr., M.L. Avery, R.C. Crawford, A.M. Manville, U, E.R. Travis, and D. Drake. 2013. Avian mortality 
at communication towers in the United States and Canada: which species, how many, and where? 
Biological Conservation 158: 410-419.

U.S. Fish and Wildlife Service. 2008. Birds of Conservation Concern, 2008. United States Department of 
Interior, Fish and Wildlife Service, Division of Migratory Bird Management, Arlington, VA.
85 pages, http://www.fws.gov/migratorybirds.

http://www.fws.gov/migratorybirds


Enclosure A

Background
The placement and operation of communication towers, including un-guyed, unlit, monopole or 
lattice-designed structures, impact protected migratory birds in two significant ways.

The first is by injury, crippling loss, and death from collisions 'with towers and their supporting 
guy-wire infrastructure, where present. Mass mortality events tend to occur during periods of 
peak spring and fall songbird bird migration when inclement weather events coincide with 
migration, and frequently where lights (either on the towers and/or on adjacent outbuildings) are 
also present. This situation has been well documented in the U.S. since 1948 in the published 
literature (Aronoff 1949, see Manville 2007a for a critique). The tallest communication towers 
tend to be the most problematic (Gehring el al. 2011). However, mid-range (~400-ft) towers as 
proposed by the First Responder Network Authority (FirstNet, a newly created entity under the 
Department of Commerce) can also significantly impact protected migratory birds, as can un
guyed and unlit lattice and monopole towers (Gehring et al. 2009, Manville 2007a, 2009, 2013a). 
Mass mortalities (more than several hundred birds per night) at unguyed, unlit monopole and 
lattice towers were documented in fall 2005 and 2011 in the Northeast and North Central U.S.
(e.g., Manville 2007a). It has been argued that communication towers including “short” towers 
do not impact migratory birds, including at the population level (e.g., Arnold and Zink 2011), but 
recent findings have contradicted that assertion (Manville 2007a, 2013a, Longcore et al. 2012, 
2013).

The second significant issue associated with communication towers involves impacts from non
ionizing electromagnetic radiation emitted by these structures. Radiation studies at cellular 
communication towers were begun circa 2000 in Europe and continue today on wild nesting 
birds. Study results have documented nest and site abandonment, plumage deterioration, 
locomotion problems, reduced survivorship, and death (e.g., Balmori 2005, Balmori and 
Hallberg 2007, and Everaert and Bauwens 2007). Nesting migratory birds and their offspring 
have apparently been affected by the radiation from cellular phone towers in the 900 and 1800 
MHz frequency ranges - 915 MHz is the standard cellular phone frequency used in the United 
States. However, the electromagnetic radiation standards used by the Federal Communications 
Commission (FCC) continue to be based on thermal heating, a criterion now nearly 30 years out 
of date and inapplicable today. This is primarily due to the lower levels of radiation output from 
microwave-powered communication devices such as cellular telephones and other sources of 
point-to-point communications; levels typically lower than from microwave ovens. The 
problem, however, appears to focus on very low levels of non-ionizing electromagnetic 
radiation. For example, in laboratory studies, T. Litovitz (personal communication) and DiCarlo 
et al (2002) raised concerns about impacts of low-level, non-thermal electromagnetic radiation 
from the standard 915 MHz cell phone frequency on domestic chicken embryos — with some 
lethal results (Manville 2009, 2013a). Radiation at extremely low levels (0.0001 the level 
emitted by the average digital cellular telephone) caused heart attacks and the deaths of some 
chicken embryos subjected to hypoxic conditions in the laboratory while controls subjected to 
hypoxia were unaffected (DiCarlo et al. 2002). To date, no independent, third-party field studies 
have been conducted in North America on impacts of tower electromagnetic radiation on 
migratory birds. With the European field and U.S. laboratory evidence already available,



independent, third-party peer-reviewed studies need to be conducted in the U.S. to begin 
examing the effects from radiation on migratory birds and other trust species.

Discussion
Collision Deaths and Categorical Exclusions
Attempts to estimate bird-collision mortality at communication towers in the U.S. resulted in 
figures of 4-5 million bird deaths per year (Manville 2005, 2009). A meta-review of the 
published literature now suggests, based on statistically determined parameters, that mortality 
may be 6.8 million birds per year in Canada and the U.S.; the vast majority in the United States 
(Longcore et al. 2012). Up to 350 species of birds have been killed at communication towers 
(Manville 2007a, 2009). The Service’s Division of Migratory Bird Management has updated its 
voluntary, 2000 communication tower guidelines to reflect some of the more recent research 
findings (Manville 2013b). However, the level of estimated mortality alone suggests at a 
minimum that FirstNet prepare an environmental assessment to estimate and assess the 
cumulative effects of tower mortality to protected migratory birds.

A second meta-review of the published mortality data from scientific studies conducted in the 
U.S. and Canada (Longcore et al. 2013) strongly correlates population effects to at least 13 
species of Birds of Conservation Concern (BCC, USFWS 2008). These are mortalities to BCC 
species based solely on documented collisions with communication towers in the U.S. and 
Canada, ranging from estimated annual levels of mortality of 1 to 9% of their estimated total 
population. Among these where mortality at communication towers was estimated at over 2% 
annually are the Yellow Rail, Swainson’s Warbler, Pied-billed Grebe, Bay-breasted Warbler, 
Golden-winged Warbler, Prairie Warbler, and Ovenbird. Longcore et al. (2013) emphasized that 
avian mortality associated with anthropogenic sources is almost always reported in the 
aggregate, i.e., “number of birds killed,” which cannot detect species-level effects necessary to 
make effective and meaningful conservation assessments, including determining cumulative 
effects. These new findings strongly suggest the need for at least an environmental assessment 
by FirstNet, or more likely, an environmental impact statement.

Radiation Impacts and Categorical Exclusions
There is a growing level of anecdotal evidence linking effects of non-thermal, non-ionizing 
electromagnetic radiation from communication towers on nesting and roosting wild birds and 
other wildlife in the U.S. Independent, third-party studies have yet to be conducted in the U.S. or 
Canada, although a peer-reviewed research protocol developed for the U.S. Forest Service by the 
Service’s Division of Migratory Bird Management is available to study both collision and 
radiation impacts (Manville 2002).

As previously mentioned, Balmori (2005) found strong negative correlations between levels of 
tower-emitted microwave radiation and bird breeding, nesting, and roosting in the vicinity of 
electromagnetic fields in Spain. He documented nest and site abandonment, plumage 
deterioration, locomotion problems, reduced survivorship, and death in House Sparrows, White 
Storks, Rock Doves, Magpies, Collared Doves, and other species. Though these species had 
historically been documented to roost and nest in these areas, Balmori (2005) did not observe 
these symptoms prior to construction and operation of the cellular phone towers. Balmori and 
Hallberg (2007) and Everaert and Bauwens (2007) found similar strong negative correlations



among male House Sparrows. Under laboratory conditions, DiCarlo et al. (2002) raised 
troubling concerns about impacts of low-level, non-thermal electromagnetic radiation from the 
standard 915 MHz cell phone frequency on domestic chicken embryos - with some lethal results 
(Manville 2009). Given the findings of the studies mentioned above, field studies should be 
conducted in North America to validate potential impacts of communication tower radiation - 
both direct and indirect - to migratory birds and other trust wildlife species.
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Los Angeles 
Department of 
Water & Power

BOARD LETTER APPROVAL

RESOLUTION NO.

MARCIE L. EDWARDS' 
General Manager

Senior Assistant General Manager 
Water System

DATE: November 18, 2015

SUBJECT: Secondary Land Use - Adoption of a Master License Agreement (MLA) 
and a Site License Agreement (SLA) Structure for Cellular 
Telecommunications

SUMMARY

Cellular telecommunications is one of the Los Angeles Department of Water and 
Power’s (LADWP) accepted secondary land use licensing opportunities. Secondary 
land use may reduce operating expenses through lower maintenance costs and offset 
operating expenses by producing revenue. All properties licensed in the LADWP 
program have been evaluated to ensure the primary function of providing safe and 
reliable water or power is maintained. Currently, LADWP has 51 active or holdover 
license agreements for cellular telecommunications antennas. The annual revenue 
generated exceeds $1.5 million.

The proposed licensing structure for telecommunications carriers has the potential to 
generate additional revenue and reduce operating costs, while providing carriers with a 
longer licensing period (from five years to as many as thirty years) appropriate to the 
required investment of $90,000 to $125,000 for installing a monopole to mount and 
operate the antennas. Attached is a Resolution recommending approval of a MLA and a 
corresponding SLA for telecommunication carriers. Those carriers include: AT&T Inc., 
T-Mobile International AG, Verizon, Sprint Corporation, their subsidiaries and 
successors in interest.

City Council approval is required according to Charter Section 606 and 605(b).



RECOMMENDATION

It is recommended that the Board of Water and Power Commissioners adopt the 
attached Resolution recommending City Council’s approval of the MLA and SLA for 
telecommunication carriers per Charter Section 606 and 605(b).

ALTERNATIVES CONSIDERED

Without adoption of the MLA and SLA, LADWP will continue to assign staff resources to 
renew licenses every 5 years rather than growing revenue by expanding the number of 
active sites.

FINANCIAL INFORMATION

LADWP currently generates approximately $1.5 million in annual revenue from 
telecommunications agreements. Adoption of the MLA and SLA will streamline the 
approval and may result in additional revenue to LADWP due to lower operation costs.

BACKGROUND

Currently, LADWP limits cellular telecommunication license to terms of 5 years with a 
requirement to competitively bid out the site at the end of the 5-year term Due to 
operating requirements, the majority of licenses limit the carriers to installing monopoles 
and attaching antennas to those monopoles as opposed to mounting the antennas on 
LADWP facilities or transmission towers.

Following the completion of the Duff and Phelps report on Secondary Land Use in 2010, 
the Real Estate Services Office (Real Estate) of the Operations Support Services 
Division initiated the process to update the cellular telecommunications licensing 
structure. The major factors impacting the restructure were:

• Ensure that the primary function of providing safe and reliable water and power is 
maintained with the licensing of properties.

• Enhance outside secondary land use revenue through various approved uses. 
Cellular telecommunications is one of the approved uses for both the Water and 
Power Systems.

• Improve the licensing structure to reduce internal costs while exploring 
opportunities to make LADWP a more attractive business partner.

LADWP met with three of the major carriers who held licenses. In addition, a draft of the 
terms and conditions was provided to all carriers who had existing licenses with LADWP 
for their comments.
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Significant time, effort, and cost are expended by the various carriers to identify a 
suitable location, provide adequate engineering, obtain permits, testing, and installing a 
telecommunication site. The required investment to install a monopole to mount and 
operate the antennas is $90,000 to $125,000. Because of the investment and long lead 
time, the carriers asked if they could obtain longer term agreements to provide location 
assurance and allow sufficient time to amortize their costs. However, the MLA includes 
a clause that allows LADWP to issue a Notice of Termination, for any reason or no 
reason, with 90 days' notice.

Real Estate worked with the City of Los Angeles’ (City of LA), Office of the City Attorney 
and the Information Technology Agency in developing a general licensing structure for 
the City of LA.

LADWP’s licensing structure has the additional requirement of being subject to 
operating requirements and the associated security and risk management requirements. 
Real Estate has worked with the LADWP City Attorney, Water System, Power System, 
and Risk Management to ensure that LADWP operating and risk requirements are met.

The proposed MLA and SLA provides the licensing structure to enhance the LADWP 
Secondary Land Use program and meet the business needs of the carriers. The MLA 
sets forth the basic terms and conditions upon which each site is licensed by LADWP. 
Upon agreement between LADWP and Licensee with respect to the particular terms of 
a site, an SLA will be executed.

The MLA and SLA provides for a licensing term of 5 years, with five options of 5 years 
each. This structure is consistent with one implemented by the State of California, 
Department of Transportation (Caltrans). Each carrier will give written notice to LADWP 
six months into each fifth year if they wish to extend the term for another 5 years. 
LADWP will review each written request and will approve the request provided that:

1. The carrier’s account is in in good standing, and
2. The carrier is complying with all terms and conditions of the license 

agreement.

Should the carrier fail to fulfill items 1 and 2, LADWP will deny carrier’s request to 
extend the term.

LADWP benefits by assigning current staff resources to growing revenue by expanding
the number of active sites rather than spending the time necessary to renew licenses 
every 5 years. Carriers benefit with the location assurance and time necessary to 
amortize their investment. The proposed structure also provides an opportunity to 
consolidate the various deposits required to protect LADWP’s interests. Under the 
proposed MLA and SLA structure, the current deposit amount of $3.7 million will be 
reduced to $1.7 million.

A comparison of the proposed MLA and SLA structure and the current licensing 
structure is attached.
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City Administrative Officer (CAO) report dated October 27, 2015, is attached.

ENVIRONMENTAL DETERMINATION

In accordance with the California Environmental Quality Act (CEQA), it has been 
determined that the MLA and SLA is exempt pursuant to the General Exemption 
described in CEQA Guidelines Section 15061 (b) (3). General Exemptions apply in 
situations where it can be seen with reasonable certainty that there is no possibility that 
the activity in question may have a significant effect on the environment.

CITY ATTORNEY

The Office of the City Attorney reviewed and approved the Resolution as to form and 
legality.

ATTACHMENTS

• Comparison of Terms
• Resolution
• Agreements
• CAO Report
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Chapter One: The Corrupted Network

Renee Sharp seemed proud to discuss her spring 2014 meeting with the Federal 
Communications Commission.

As research director for the non-profit Environmental Working Group, Sharp doesn’t get 
many chances to visit with the FCC. But on this occasion she was able to express her concerns 
that lax FCC standards on radiation from wireless technologies were especially hazardous for 
children.

The FCC, however, should have little trouble dismissing those concerns.

Arguing that current standards are more than sufficient and that children are at no elevated 
risk from microwave radiation, wireless industry lobbyists don’t generally have to set up 
appointments months in advance. They are at the FCC’s door night and day.

Indeed, a former executive with the Cellular Telecommunications Industry Association 
(CTIA), the industry’s main lobbying group, has boasted that the CTIA meets with FCC officials 
“500 times a year.”1

Sharp does not seem surprised. “There’s no question that the government has been under the 
influence of industry. The FCC is a captured agency,” she said.

Captured agency.

That’s a term that comes up time and time again with the FCC. Captured agencies are 
essentially controlled by the industries they are supposed to regulate. A detailed look at FCC 
actions—and non-actions—shows that over the years the FCC has granted the wireless industry 
pretty much what it has wanted. Until very recently it has also granted cable what it wants. More 
broadly, the FCC has again and again echoed the lobbying points of major technology interests.

Money—and lots of it—has played a part. The National Cable and Telecommunications 
Association (NCTA) and CTIA have annually been among Washington’s top lobbying spenders. 
CTIA alone lobbied on at least 35 different Congressional bills through the first half of 2014. 
Wireless market leaders AT&T and Verizon work through CTIA. But they also do their own 
lobbying, spending nearly $15 million through June of 2014, according to data from the Center 
for Responsive Politics (CRP). In all, CTIA, Verizon, AT&T, T-Mobile USA, and Sprint spent 
roughly $45 million lobbying in 2013. Overall, the Communications/Electronics sector is one of 
Washington’s super heavyweight lobbyists, spending nearly $800 million in 2013-2014, 
according to CRP data.

But direct lobbying by industry is just one of many worms in a rotting apple. The FCC sits at 
the core of a network that has allowed powerful moneyed interests with limitless access a variety 
of ways to shape its policies, often at the expense of fundamental public interests.



As a result, consumer safety, health, and privacy, along with consumer wallets, have all been 
overlooked, sacrificed, or raided due to unchecked industry influence. The cable industry has 
consolidated into giant local monopolies that control pricing while leaving consumers little 
choice over content selection. Though the FCC has only partial responsibility, federal regulators 
have allowed the Internet to grow into a vast hunting grounds for criminals and commercial 
interests: the go-to destination for the surrender of personal information, privacy and identity. 
Most insidious of all, the wireless industry has been allowed to grow unchecked and virtually 
unregulated, with fundamental questions on public health impact routinely ignored.

Industry controls the FCC through a soup-to-nuts stranglehold that extends from its well- 
placed campaign spending in Congress through its control of the FCC’s Congressional oversight 
committees to its persistent agency lobbying. “If you’re on a committee that regulates industry 
you’ll be a major target for industry,” said Twaun Samuel, chief of staff for Congresswoman 
Maxine Waters. Samuel several years ago helped write a bill aimed at slowing the revolving 
door. But with Congress getting its marching orders from industry, the bill never gained any 
traction.

Industry control, in the case of wireless health issues, extends beyond Congress and 
regulators to basic scientific research. And in an obvious echo of the hardball tactics of the 
tobacco industry, the wireless industry has backed up its economic and political power by 
stonewalling on public relations and bullying potential threats into submission with its huge 
standing army of lawyers. In this way, a coddled wireless industry intimidated and silenced the 
City of San Francisco, while running roughshod over local opponents of its expansionary 
infrastructure.

On a personal level, the entire system is greased by the free flow of executive leadership 
between the FCC and the industries it presumably oversees. Currently presiding over the FCC is 
Tom Wheeler, a man who has led the two most powerful industry lobbying groups: CTIA and 
NCTA. It is Wheeler who once supervised a $25 million industry-funded research effort on 
wireless health effects. But when handpicked research leader George Carlo concluded that 
wireless radiation did raise the risk of brain tumors, Wheeler’s CTIA allegedly rushed to muffle 
the message. “You do the science. I’ll take care of the politics,” Carlo recalls Wheeler saying.4

Wheeler over time has proved a masterful politician. President Obama overlooked Wheeler’s 
lobbyist past to nominate him as FCC chairman in 2013. He had, after all, raised more than 
$700,000 for Obama’s presidential campaigns. Wheeler had little trouble earning confirmation 
from a Senate whose Democrats toed the Presidential line and whose Republicans understood 
Wheeler was as industry-friendly a nominee as they could get. And while Wheeler, at the behest 
of his Presidential sponsor, has taken on cable giants with his plans for net neutrality and shown 
some openness on other issues, he has dug in his heels on wireless.



Newly ensconced as chairman of the agency he once blitzed with partisan pitches, Wheeler 
sees familiar faces heading the industry lobbying groups that ceaselessly petition the FCC. At 
CTIA, which now calls itself CTIA - The Wireless Association, former FCC commissioner 
Meredith Atwell Baker is in charge.

And while cell phone manufacturers like Apple and Samsung, along with wireless service 
behemoths like Verizon and AT&T, are prominent CTIA members, the infrastructure of 300,000 
or more cellular base stations and antenna sites has its own lobbying group: PCIA, the Wireless 
Infrastructure Association. The President and CEO of PCIA is Jonathan Adelstein, another 
former FCC commissioner. Meanwhile, the cable industry’s NCTA employs former FCC 
chairman Michael Powell as its president and CEO. Cozy, isn’t it?

FCC commissioners in 2014 received invitations to the Wireless Foundation’s May 19th 
Achievement Awards Dinner. Sounds harmless, but for the fact that the chief honoree at the 
dinner was none other than former wireless lobbyist but current FCC Chairman Tom Wheeler. Is 
this the man who will act to look impartially at the growing body of evidence pointing to health 
and safety issues?

The revolving door also reinforces the clout at another node on the industry-controlled 
influence network. Members of congressional oversight committees are prime targets of



industry. The cable industry, for example, knows that key legislation must move through the 
Communications and Technology Subcommittee of the House Energy and Commerce 
Committee. Little wonder then that subcommittee chairman Greg Walden was the second 
leading recipient (after Speaker John Boehner) of cable industry contributions in the last six 
years (through June 30, 2014). In all, Walden, an Oregon Republican, has taken over $108,000 
from cable and satellite production and distribution companies.5 But he is not alone. Six of the 
top ten recipients of cable and satellite contributions sit on the industry’s House oversight 
committee. The same is true of senators on the cable oversight committee. Committee members 
were six of the ten top recipients of campaign cash from the industry.6

Cable & Satellite Campaign 
Contributions 

Top House Recipients Funded
Recipient Amount

John A. Boehner $135,425
Greg Walden $108,750
Bob Good latte $93,200
John Conyers Jr. $84,000
Mike Coffman $82,137
Fred Upton $73,500
Lee Terry $65,916
Henry A. Waxman $65,000
Cory Gardner $64,500
Anna G. Eshoo $60,500



Cellular Industry Campaign 
Contributions

Top House Recipients Funded

Recipient Amount

Henry A. Waxman $41,500
Scott H. Peters $40,300
Greg Walden $35,750
Fred Upton $32,250
Bob Goodlatte $31,250
Lee Terry $29,600
Anna G. Eshoo $27,000
Doris O. Matsui $2S,S00
John Shimkus $24,000
Peter J. Roskam $21,100

Cable & Satellite Campaign 
Contributions

Top Senate Recipients Funded

Recipient Amount

Edward J. Markey $320,500
Kirsten E. Gilllbrand $194,125
Mitch McConnell $177,125
Harry Reid $175,600
Charles E. Schumer $175,450
Mark L. Pryor $172,950
Michael F. Bennet $159,000
Richard Blumenthal $148,800
Claire McCaskill $138,185
Mark Udall $136,625



Cellular Industry Campaign 
Contributions

Top Senate Recipients Funded
Recipient Amount

Edward J. Markey $155,150
Mark R. Warner $74,800
Harry Re d $73,600
Mark L. Pryor $71,900
Roy Blunt $57,400
John McCain $56,261
Charles E. Schumer $53,300
Roger F. Wicker $51,300
Barbara Boxer $49,578
Kelly Ayotte $43,333

The compromised FCC network goes well beyond the revolving door and congressional 
oversight committees. The Washington social scene is one where money sets the tone and throws 
the parties. A look at the recent calendar of one current FCC commissioner shows it would take 
very disciplined and almost saintly behavior on the part of government officials to resist the lure 
of lavishly catered dinners and cocktail events. To paraphrase iconic investigative journalist I.F. 
Stone, if you’re going to work in Washington, bring your chastity belt.

All that free liquor, food and conviviality translates into the lobbyist’s ultimate goal: access. 
“They have disproportionate access,” notes former FCC commissioner Michael Copps. “When 
you are in a town where most people you see socially are in industry, you don’t have to ascribe

7malevolent behavior to it,” he added.

Not malevolent in motive. But the results can be toxic. And blame does not lie solely at the 
feet of current commissioners. The FCC’s problems predate Tom Wheeler and go back a long 
way.

Indeed, former Chairman Newton Minow, enduringly famous for his 1961 description of 
television as a “vast wasteland,” recalls that industry manipulation of regulators was an issue 
even back then. “When I arrived, the FCC and the communications industry were both regarded

o

as cesspools. Part of my job was to try to clean it up.”

More than 50 years later, the mess continues to pile up.



Chapter Two: Just Don’t Bring Up Health

Perhaps the best example of how the FCC is tangled in a chain of corruption is the cell tower 
and antenna infrastructure that lies at the heart of the phenomenally successful wireless industry.

It all begins with passage of the Telecommunications Act of 1996, legislation once described 
by South Dakota Republican senator Larry Pressler as “the most lobbied bill in history.” Late 
lobbying won the wireless industry enormous concessions from lawmakers, many of them major 
recipients of industry hard and soft dollar contributions. Congressional staffers who helped 
lobbyists write the new law did not go unrewarded. Thirteen of fifteen staffers later became 
lobbyists themselves.9

Section 332(c)(7)(B)(iv) of the Act remarkably—and that adverb seems inescapably best 
here—wrests zoning authority from local governments. Specifically, they cannot cite health 
concerns about the effects of tower radiation to deny tower licenses so long as the towers comply 
with FCC regulations.

Congress Silences Public
Section 332(cX7)(BXiv) of the Communications Act provides:

No State or local government or instrumentality thereof may regulate 
the placement, construction, and modification of personal wireless service 
facilities on the basis of the environmental effects of radio frequency emissions 
to the extent that such facilities comply with the Commission's regulations 
concerning such emissions.

In preempting local zoning authority—along with the public’s right to guard its own safety 
and health— Congress unleashed an orgy of infrastructure build-out. Emboldened by the 
government green light and the vast consumer appetite for wireless technology, industry has had 
a free hand in installing more than 300,000 sites. Church steeples, schoolyards, school rooftops, 
even trees can house these facilities.

Is there any reason to believe that the relatively low level radiofrequency emissions of these 
facilities constitute a public health threat? Certainly, cell phones themselves, held close to the 
head, have been the focus of most concern on RF emissions. Since the impact of RF diminishes 
with distance, industry advocates and many scientists dismiss the possibility that such structures 
pose health risks.



But it’s not really that simple. A troubling body of evidence suggests exposure to even low 
emission levels at typical cellular frequencies between 300 MHz and 3 GHz can have a wide 
range of negative effects.

In a 2010 review of research on the biological effects of exposure to radiation from cell tower 
base stations, B. Blake Levitt and Henry Lai found that “some research does exist to warrant 
caution in infrastructure siting.”10 They summarized the results on one 2002 study that compared 
the health of 530 people living at various distances within 300 meters of cell towers with a 
control group living more than 300 meters away. “Results indicated increased symptoms and 
complaints the closer a person lived to a tower. At <10 m, symptoms included nausea, loss of 
appetite, visual disruptions, and difficulties in moving. Significant differences were observed up 
through 100 m for irritability, depressive tendencies, concentration difficulties, memory loss, 
dizziness, and lower libido.”11

A 2007 study conducted in Egypt found similar results. Levitt and Lai report, “Headaches,
memory changes, dizziness, tremors, depressive symptoms, and sleep disturbance were

12significantly higher among exposed inhabitants than controls.”

Beyond epidemiological studies, research on a wide range of living things raises further red 
flags. A 2013 study by the Indian scientists S. Sivani and D. Sudarsanam reports: “Based on 
current available literature, it is justified to conclude that RF-EMF [electro magnetic fields] 
radiation exposure can change neurotransmitter functions, blood-brain barrier, morphology, 
electrophysiology, cellular metabolism, calcium efflux, and gene and protein expression in

13certain types of cells even at lower intensities.”

The article goes on to detail the effects of mobile tower emissions on a wide range of living 
organisms: “Tops of trees tend to dry up when they directly face the cell tower antennas. . . . A 
study by the Centre for Environment and Vocational Studies of Punjab University noted that 
embryos of 50 eggs of house sparrows were damaged after being exposed to mobile tower 
radiation for 5-30 minutes. . . . In a study on cows and calves on the effects of exposure from 
mobile phone base stations, it was noted that 32% of calves developed nuclear cataracts, 3.6% 
severely.”14

Does any of this constitute the conclusive evidence that would mandate much tighter control 
of the wireless infrastructure? Not in the estimation of industry and its captured agency. Citing 
other studies—often industry-funded—that fail to establish health effects, the wireless industry 
has dismissed such concerns. The FCC has typically echoed that position.

Keep in mind that light regulation has been one factor in the extraordinary growth of 
wireless—CTIA says exactly that in a Web post that credits the Clinton Administrations light 
regulatory touch.
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But our position as the world's leader was no accident. It started with the Clinton Administration that had the 
foresight to place a "light regulatory touch" on the wireless industry, which was in its infancy at the time. That 
light touch has continued through multiple Administrations.

Obviously, cellular technology is wildly popular because it offers many benefits to 
consumers. But even allowing for that popularity and for the incomplete state of science, don’t 
some of these findings raise enough concern to warrant some backtracking on the ham-fisted 
federal preemption of local zoning rights?

In reality, since the passage of the 1996 law, the very opposite has occurred. Again and again 
both Congress and the FCC have opted to stiffen—rather than loosen—federal preemption over 
local zoning authority. In 2009, for example, the wireless industry convinced the FCC to impose 
a “shot clock” that requires action within 90 days on many zoning applications. “My sense is that 
it was an industry request,” said Robert Weller, who headed up the FCC’s Office of Engineering 
and Technology when the shot clock was considered and imposed.15

And just last November, the FCC voted to further curb the rights of local zoning officials to 
control the expansion of antenna sites Again and again, Congress and the FCC have extended the 
wireless industry carte blanche to build out infrastructure no matter the consequences to local 
communities.

The question that hangs over all this: would consumers’ embrace of cell phones and Wi-Fi be 
quite so ardent if the wireless industry, enabled by its Washington errand boys, hadn’t so 
consistently stonewalled on evidence and substituted legal intimidation for honest inquiry? (See 
Appendix for online study of consumer attitudes on wireless health and safety.)

Document searches under the Freedom of Information Act reveal the central role of Tom 
Wheeler and the FCC in the tower siting issue. As both lobbyist and FCC chairman, Wheeler has 
proved himself a good friend of the wireless industry.

In January of 1997, CTIA chieftain Wheeler wrote FCC Wireless Telecommunications 
Bureau Chief Michele C. Farquhar citing several municipal efforts to assert control over siting. 
Wheeler, for example, asserted that one New England state had enacted a law requiring its Public 
Service Commissioner to issue a report on health risks posed by wireless facilities.16 He



questions whether such a study—and regulations based on its results—would infringe on FCC 
preemption authority.

FCC bureau chief Farquhar hastily reassured Wheeler that no such study could be consulted 
in zoning decisions. “Therefore, based on the facts as you have presented them, that portion of 
the statute that directs the State Commissioner to recommend regulations based upon the study’s 
findings would appear to be preempted,” the FCC official wrote to Wheeler. She emphasized 
that the state had the right to do the study. It just couldn’t deny a siting application based on 
anything it might learn.

The FCC in 1997 sent the message it has implicitly endorsed and conveyed ever since: study 
health effects all you want. It doesn’t matter what you find. The build-out of wireless cannot be 
blocked or slowed by health issues.

Now let’s fast forward to see Wheeler on the other side of the revolving door, interacting as 
FCC chairman with a former FCC commissioner who is now an industry lobbyist.

A March 14, 2014 letter reveals the chummy relationship between Wheeler and former 
commissioner Jonathan Adelstein, now head of PCIA, the cellular infrastructure lobbying group. 
It also references FCC Chairman Wheeler seeking policy counsel from lobbyist Adelstein:

Wheeler Still Willing to Help
From: Jonathan Adelstein [mailto:adelstein@pcia.cofn]
Sent: Friday. March 14, 2014 12:24 PM
To:fl|
Cc: Renee Gregory; Jonathan Campbell
Subject: How to Spur Wireless Broadband Deployment

Tom - It was great to see you the other night at the FCBA event, and wonderful to see how 
much fun you're having (if that's the right word) I know I enjoyed my time there (thanks to 
your help with Daschle In getting me that role in the first placet),

Thanks for asking how we think the FCC can help spur wireless broadband deployment. The 
infrastructure proceeding perfectly tees up many of the top issues the FCC needs to 
address. As you requested, I've summarized briefly in the attached letter some of the key 
steps you can take now.

“Tom - It was great to see you the other night at the FCBA event, and wonderful to see how 
much fun you’re having (if that’s the right word). I know I enjoyed my time there (thanks to your 
help with Daschle in getting me that role in the first place!).”

“Thanks for asking how we think the FCC can help spur wireless broadband deployment, ” 
the wireless lobbyist writes to the ex-wireless lobbyist, now running the FCC.

mailto:adelstein@pcia.cofn


Adelstein’s first recommendation for FCC action: “Amend its rules to categorically exclude 
DAS and small deployments [Ed. note: these are compact tower add-ons currently being widely 
deployed] from environmental and historic review.” Adelstein outlined other suggestions for 
further limiting local antenna zoning authority and the FCC soon did its part. Late last year, the 
agency proposed new rules that largely (though not entirely) complied with the antenna 
industry’s wish list.

James R. Hobson is an attorney who has represented municipalities in zoning issues 
involving the FCC. He is also a former FCC official, who is now of counsel at Best, Best and 
Krieger, a Washington-based municipal law practice. “The FCC has been the ally of industry,” 
says Hobson. Lobbyist pressure at the FCC was intense even back in the 70s, when he was a 
bureau chief there. “When I was at the FCC, a lot of my day was taken up with appointments 
with industry lobbyists.” He says of the CTIA that Wheeler once headed: “Their reason for being 
is promoting the wireless industry. And they’ve been successful at it.”19

The FCC’s deferential compliance has allowed industry to regularly bypass and if necessary 
steamroll local authorities. Violation of the FCC-imposed “shot clock,” for example, allows the 
wireless license applicant to sue.

The FCC’s service to the industry it is supposed to regulate is evidently appreciated. The 
CTIA web site, typically overflowing with self-congratulation, spreads the praise around in 
acknowledging the enabling contributions of a cooperative FCC. In one brief summation of its 
own glorious accomplishments, CTIA twice uses the word “thankfully” in describing favorable 
FCC actions.

In advancing the industry agenda, the FCC can claim that it is merely reflecting the will of 
Congress. But the agency may not be doing even that.

Remember the key clause in the 96 Telecom Act that disallowed denial of zoning permits 
based on health concerns? Well, federal preemption is granted to pretty much any wireless outfit 
on just one simple condition: its installations must comply with FCC radiation emission 
standards. In view of this generous carte blanche to move radiation equipment into 
neighborhoods, schoolyards and home rooftops, one would think the FCC would at the very least 
diligently enforce its own emission standards. But that does not appear to be the case.

Indeed, one RF engineer who has worked on more than 3,000 rooftop sites found vast 
evidence of non-compliance. Marvin Wessel estimates that “10 to 20% exceed allowed radiation 
standards.” With 30,000 rooftop antenna sites across the U.S. that would mean that as many as
6,000 are emitting radiation in violation of FCC standards. Often, these emissions can be 600% 
or more of allowed exposure levels, according to Wessel.

Antenna standards allow for higher exposure to workers. In the case of rooftop sites, such 
workers could be roofers, painters, testers and installers of heating and air conditioning



equipment, to cite just a few examples. But many sites, according to Wessel, emit radiation at
much higher levels than those permitted in occupational standards. This is especially true of sites
where service providers keep adding new antenna units to expand their coverage. “Some of these

21new sites will exceed ten times the allowable occupational radiation level,” said Wessel. 
Essentially, he adds, this means that nobody should be stepping on the roof.

“The FCC is not enforcing its own standard,” noted Janet Newton, who runs the EMF Policy 
Institute, a Vermont-based non-profit. That group several years ago filed 101 complaints on 
specific rooftop sites where radiation emissions exceeded allowable levels. “We did this as an 
exercise to hold the FCC’s feet to the fire,” she said. But the 101 complaints resulted in few 
responsive actions, according to Newton.22

Former FCC official Bob Weller confirms the lax—perhaps negligible is the more 
appropriate word—FCC activity in enforcing antenna standards. “To my knowledge, the

23enforcement bureau has never done a targeted inspection effort around RF exposure,” he said. 
Budget cuts at the agency have hurt, limiting the FCC’s ability to perform field inspections, he 
added. But enforcement, he adds, would do wonders to insure industry compliance with its 
limited regulatory compliance requirements. “If there were targeted enforcement and fines issued 
the industry would pay greater attention to ensuring compliance and self-regulation,” he allowed.

Insurance is where the rubber hits the road on risk. So it is interesting to note that the rating 
agency A.M. Best, which advises insurers on risk, in 2013 topped its list of “emerging 
technology-based risks” with RF Radiation:

“The risks associated with long-term use of cell phones, although much studied over the 
past 10 years, remain unclear. Dangers to the estimated 250,000 workers per year who 
come in close contact with cell phone antennas, however, are now more clearly 
established. Thermal effects of the cellular antennas, which act at close range essentially 
as open microwave ovens can include eye damage, sterility and cognitive impairments. 
While workers of cellular companies are well trained on the potential dangers, other 
workers exposed to the antennas are often unaware of the health risks. The continued 
exponential growth of cellular towers will significantly increase exposure of these 
workers and others coming into close contact with high-energy cell phone antenna

24radiation, ” A.M. Best wrote.

So what has the FCC done to tighten enforcement? Apparently, not very much. Though it 
does follow up on many of the complaints filed against sites alleged to be in violation of 
standards it takes punitive actions very rarely. (The FCC did not provide answers to written 
questions on details of its tower enforcement policies.)

The best ally of industry and the FCC on this (and other) issues may be public ignorance.



An online poll conducted for this project asked 202 respondents to rate the likelihood of a 
series of statements. Most of the statements were subject to dispute. Cell phones raise the risk 
of certain health effects and brain cancer, two said. There is no proof that cell phones are 
harmful, another declared. But among the six statements there was one statement of indisputable 
fact: “The U.S. Congress forbids local communities from considering health effects when 
deciding whether to issue zoning permits for wireless antennae,” the statement said.

Though this is a stone cold fact that the wireless industry, the FCC and the courts have all 
turned into hard and inescapable reality for local authorities, just 1.5% of all poll respondents 
replied that it was “definitely true.”

Public ignorance didn’t take much cultivation by the wireless industry on the issue of local 
zoning. And maybe it doesn’t matter much, considering the enormous popularity of wireless 
devices. But let’s see how public ignorance has been cultivated and secured—with the FCC’s 
passive support—on the potentially more disruptive issue of mobile phone health effects.



Chapter Three: Wireless Bullies and the Tobacco Analogy

Issues of cable and net neutrality have recently attracted wide public attention (more on that 
in Chapter Six). Still, the bet here remains that future judgment of the FCC will hinge on its 
handling of wireless health and safety issues.

And while the tower siting issue is an egregious example of an industry-dominated political 
process run amuck, the stronger health risks appear to reside in the phones themselves. This is an 
issue that has flared up several times in recent years. Each time, industry has managed to beat 
back such concerns. But it’s worth noting that the scientific roots of concern have not 
disappeared. If anything, they’ve thickened as new research substantiates older concerns.

The story of an FCC passively echoing an industry determined to play hardball with its 
critics is worth a further look. The CTIA’s own website acknowledges the helpful hand of 
government’s “light regulatory touch” in allowing the industry to grow.26

Former congressman Dennis Kucinich ventures one explanation for the wireless industry’s 
success in dodging regulation: “The industry has grown so fast its growth has overtaken any 
health concerns that may have gained attention in a slow growth environment. The proliferation 
of technology has overwhelmed all institutions that would have attempted safety testing and

27standards,” Kucinich said.

But the core questions remain: Is there really credible evidence that cell phones emit harmful 
radiation that can cause human health problems and disease? Has the FCC done an adequate job 
in protecting consumers from health risks? Or has it simply aped industry stonewalling on health 
and safety issues?

Before wading into these questions, some perspective is in order.

First, there’s simply no denying the usefulness and immense popularity of wireless 
technology. People depend on it for safety, information, entertainment and communication. It 
doesn’t take a keen social observer to know that wireless has thoroughly insinuated itself into 
daily life and culture.

The unanswered question, though, is whether consumers would embrace the technology quite 
so fervently if health and safety information was not spun, filtered and clouded by a variety of 
industry tactics.

To gain some insight into this question, we conducted an online survey of 202 respondents, 
nearly all of whom own cell phones, on Amazon’s Mechanical Turk Web platform (see 
Appendix). One striking set of findings: many respondents claim they would change behavior— 
reduce wireless use, restore landline service, protect their children—if claims on health dangers 
of wireless are true.



It is not the purpose of this reporter to establish that heavy cell phone usage is dangerous.
This remains an extremely controversial scientific issue with new findings and revised scientific 
conclusions repeatedly popping up. Just months ago, a German scientist who had been outspoken 
in denouncing the view that cell phones pose health risks reversed course. In an April 2015 
publication, Alexander Lerchl reported results confirming previous research on the tumor- 
promoting effects of electromagnetic fields well below human exposure limits for mobile 
phones. “Our findings may help to understand the repeatedly reported increased incidences of 
brain tumors in heavy users of mobile phones,” the Lerchl team concluded. And in May 2015, 
more than 200 scientists boasting over 2,000 publications on wireless effects called on global 
institutions to address the health risks posed by this technology.

But the National Cancer Institute still contends that no cell phone dangers have been 
established. A representative of NCI was the sole known dissenter among the 30 members of the 
World Health Organization’s International Agency for Research on Cancer (IARC) when it

29voted to declare wireless RF “possibly carcinogenic.” If leading scientists still can’t agree, I 
will not presume to reach a scientific conclusion on my own.

International Agency for Research on Cancer

PRESS RELEASE 
N° 208

31 May 2011

IARC CLASSIFIES RADIOFREQUENCY ELECTROMAGNETIC FIELDS AS 
POSSIBLY CARCINOGENIC TO HUMANS

Lyon, France, May 31, 2011 - The WHO/International Agency for Research on 
Cancer (IARC) has classified radiofrequency electromagnetic fields as possibly 
carcinogenic to humans (Group 2B). based on an increased risk for glioma, 
a malignant type of brain cancer, associated with wireless phone use.



But let’s at least look at some of the incriminating clues that health and biology research has 
revealed to date. And let’s look at the responses of both industry and the FCC.

The most widely cited evidence implicating wireless phones concerns gliomas, a very 
serious type of brain tumor. The evidence of elevated risk for such tumors among heavy cell 
phone users comes from several sources.

Gliomas account for roughly half of all malignant brain tumors, which are relatively rare. 
The annual incidence of primary malignant brain tumors in the U.S. is only 8.2 per 100,000 
people, according to the International Radio Surgery Association.

Still, when projected over the entire U.S. population, the public health impact is potentially 
very significant.

Assuming roughly four new glioma cases annually in the U.S. per 100,000 people, yields 
over 13,000 new cases per year over a total U.S. population of 330 million. Even a doubling of 
that rate would mean 13,000 new gliomas, often deadly, per year. A tripling, as some studies 
have found, could mean as many as 26,000 more new cases annually. Indeed, the respected 
online site Medscape in January 2015 reported results of Swedish research under the headline: 
Risk for Glioma Triples With Long-Term Cell Phone Use.30

And here’s some eye-opening quantitative perspective: the wars in Iraq and Afghanistan, 
waged now for more than a decade each, have together resulted in roughly 7,000 U.S. deaths.

Preliminary—though still inconclusive—research has suggested other potential negative 
health effects. Swedish, Danish and Israeli scientists have all found elevated risk of salivary 
gland tumors. One Israeli studied suggested elevated thyroid cancer risk. Some research has 
found that men who carry their phones in their pockets may suffer sperm count damage. One 
small study even suggests that young women who carry wireless devices in their bras are 
unusually vulnerable to breast cancer.

And while industry and government have never accepted that some portion of the population 
is unusually sensitive to electromagnetic fields, many people continue to complain of a broad 
range of symptoms that include general weakness, headaches, nausea and dizziness from 
exposure to wireless.

Some have suggested that the health situation with wireless is analogous to that of tobacco 
before court decisions finally forced Big Tobacco to admit guilt and pay up. In some ways, the 
analogy is unfair. Wireless research is not as conclusively incriminating as tobacco research was. 
And the identified health risks with wireless, significant as they are, still pale compared with 
those of tobacco.

But let’s not dismiss the analogy outright. There is actually a very significant sense in which 
the tobacco-wireless analogy is uncannily valid.



People tend to forget that the tobacco industry—like the wireless industry—also adopted a 
policy of tone-deaf denial. As recently as 1998, even as evidence of tobacco toxicity grew 
overwhelming, cigarette maker Phillip Morris was writing newspaper advertorials insisting there 
was no proof smoking caused cancer.

It seems significant that the responses of wireless and its captured agency—the FCC— 
feature the same obtuse refusal to examine the evidence. The wireless industry reaction features 
stonewalling public relations and hyper aggressive legal action. It can also involve undermining 
the credibility and cutting off the funding for researchers who do not endorse cellular safety. It is 
these hardball tactics that look a lot like 20th century Big Tobacco tactics. It is these hardball 
tactics—along with consistently supportive FCC policies—that heighten suspicion the wireless 
industry does indeed have something to hide.

Begin with some simple facts issuing from meta-analysis of cellular research. Dr. Henry Lai, 
emeritus professor of bioengineering at the University of Washington, has reviewed hundreds of 
published scientific papers on the subject. He wanted to see how many studies demonstrated that 
non-ionizing radiation produces biological effects beyond the heating of tissue. This is critical 
since the FCC emission standards protect only against heating. The assumption behind these 
standards is that there are no biological effects beyond heating.

But Dr. Lai found that just over half—actually 56%—of 326 studies identified biological 
effects. And the results were far more striking when Dr. Lai divided the studies between those 
that were industry-funded and those that were independently funded. Industry-funded research 
identified biological effects in just 28% of studies. But fully 67% of non-industry funded studies 
found biological effects (Insert Slide—Cell Phone Biological Studies).

A study conducted by Swiss and British scientists also looked at how funding sources 
affected scientific conclusions on the possible health effects of cell phone usage. They found that 
of studies privately funded, publicly funded and funded with mixed sponsorship, industry-funded
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studies were “least likely to report a statistically significant result.” “The interpretation of 
results from studies of health effects of radiofrequency radiation should take sponsorship into 
account,” the scientists concluded.32

So how does the FCC handle a scientific split that seems to suggest bias in industry- 
sponsored research?

In a posting on its Web site that reads like it was written by wireless lobbyists, the FCC 
chooses strikingly patronizing language to slight and trivialize the many scientists and health and 
safety experts who’ve found cause for concern. In a two page Web post titled “Wireless Devices 
and Health Concerns,” the FCC four times refers to either “some health and safety interest 
groups,” “some parties,” or “some consumers” before in each case rebutting their presumably 
groundless concerns about wireless risk. Additionally, the FCC site references the World 
Health Organization as among those organizations who’ve found that “the weight of scientific



evidence” has not linked exposure to radiofrequency from mobile devices with “any known 
health problems.”

Yes, it’s true that the World Health organization remains bitterly divided on the subject. But 
it’s also true that a 30 member unit of the WHO called the International Agency for Research on 
Cancer (IARC) was near unanimous in pronouncing cell phones “possibly carcinogenic” in 
2011. How can the FCC omit any reference to such a pronouncement? Even if it finds reason to 
side with pro-industry scientists, shouldn’t this government agency also mention that cell phones 
are currently in the same potential carcinogen class as lead paint?

Now let’s look a bit more closely at the troublesome but presumably clueless crowd of “some 
parties” that the FCC so cavalierly hastens to dismiss? Let’s begin with Lennart Hardell, 
professor of Oncology and Cancer Epidemiology at the University Hospital in Oreboro, Sweden.

Until recently it was impossible to gain any real sense of brain tumor risk from wireless since 
brain tumors often take 20 or more years to develop. But the cohort of long-term users has been 
growing. In a study published in the International Journal of Oncology in 2013, Dr. Hardell and 
Dr. Michael Carlberg found that the risk of glioma—the most deadly type of brain cancer—rose 
with cell phone usage. The risk was highest among heavy cell phone users and those who began 
to use cell phones before the age of 20.34

Indeed, those who used their phones at least 1640 hours (which would be roughly 30 
minutes a day for nine years) had nearly three times the glioma incidence. Drs. Hardell and

35Carlberg also found that gliomas tend to be more deadly among heavy wireless callers.

Perhaps of greatest long-term relevance, glioma risk was found to be four times higher 
among those who began to use mobile phones as teenagers or earlier. These findings, along with 
the established fact that it generally takes decades for tumors induced by environmental agents to 
appear, suggest that the worst consequences of omnipresent wireless devices have yet to be seen.

In a 2013 paper published in Reviews on Environmental Health, Drs. Hardell and Carlberg 
argued that the 2011 finding of the IARC that identified cell phones as a “possibly carcinogenic” 
needs to be revised. The conclusion on radiofrequency electromagnetic fields from cell phones 
should now be “cell phones are not just a possible carcinogen.” They can now be “regarded as 
carcinogenic to humans” and the direct cause of gliomas (as well as acoustic neuromas, a less 
serious type of tumor).36 Of course, these views are not universally accepted.

The usual spin among industry supporters when presented with research that produces 
troubling results is along the lines of: “We might pay attention if the results are duplicated.” In 
fact, the Hardell results were echoed in the French CERENAT study, reported in May of 2014. 
The CERENAT study also found higher risk among heavy users, defined as those using their 
phones at least 896 hours (just 30 minutes a day for five years). “These additional data support



previous findings concerning a possible association between heavy mobile phone use and brain
37tumors,” the study concluded.

Cell phones are not the only wireless suspects. Asked what he would do if he had policy
making authority, Dr. Hardell swiftly replied that he would “ban wireless use in schools and pre
schools. You don’t need Wi-Fi,” he noted. This is especially interesting in view of the FCC’s 
sharply hiked spending to promote and extend Wi-Fi usage, as well as its consistent refusal to set 
more stringent standards for children (more on all this later). But for now let’s further fill out the 
roster of the FCC’s unnamed “some parties.”

Martin Blank is a Special Lecturer in Physiology and Cellular Biophysics at Columbia 
University. Unlike Dr. Hardell, who looks at broad epidemiological effects over time, Dr. Blank 
sees cause for concern in research showing there is biological response at the cellular level to the 
type of radiation emitted by wireless devices. “The biology tells you unequivocally that the cell

39treats radiation as a potentially damaging influence,” Dr. Blank said in a late 2014 interview.

“The biology tells you it’s dangerous at a low level,” he added. Though some results have 
been difficult to replicate, researchers have identified a wide range of cellular responses 
including genetic damage and penetration of the blood brain barrier. Dr. Blank specifically cited 
the “cellular stress response” in which cells exposed to radiation start to make proteins.

It is still not clear whether biological responses at the cellular level translate into human 
health effects. But the research seems to invalidate the basic premise of FCC standards that the 
only biological effect of the type of radiation produced by wireless devices is tissue heating at 
very high power levels. But the standards-setting agencies “ignore the biology,” according to Dr. 
Blank. He describes the FCC as being “in industry’s pocket.”40

Sweden’s Lund University is annually ranked among the top 100 universities in the world. 
Leif Salford has been chairman of the Department of Neurosurgery at Lund since 1996. He is 
also a former president of the European Association for Neuro-Oncology. In the spring of 2000, 
Professor Salford told me that wireless usage constituted “the world’s largest biological

41experiment ever.

He has conducted numerous experiments exposing rats to cellular-type radiation. Individual 
experiments have shown the radiation to penetrate the blood-brain barrier, essential to protecting 
the brain from bloodstream toxins. Professor Salford also found that rats exposed to radiation 
suffered loss of brain cells. “A rat’s brain is very much the same as a human’s. They have the 
same blood-brain barrier and neurons. We have good reason to believe that what happens in rat’s 
brains also happens in humans,” he told the BBC in 2003. Dr. Salford has also speculated that 
mobile radiation could trigger Alzheimer’s disease in some cases but emphasized that much 
more research would be needed to establish any such causal relationship. Does this man deserve 
to be dismissed as one of a nameless and discredited group of “some parties?”



And what about the American Academy of Pediatrics (AAP), which represents 60,000 
American doctors who care for children? In a December 12, 2012 letter to former Ohio 
Congressman Dennis Kucinich, AAP President Dr. Thomas McInerny writes: “Children are 
disproportionately affected by environmental exposures, including cell phone radiation. The 
differences in bone density and the amount of fluid in a child’s brain compared to an adult’s 
brain could allow children to absorb greater quantities of RF energy deeper into their brains than
adults.”42

In a subsequent letter to FCC officials dated August 29, 2013, Dr. McInerny points out that 
“children, however, are not little adults and are disproportionately impacted by all environmental 
exposures, including cell phone radiation.” Current FCC exposure standards, set back in 1996, 
“do not account for the unique vulnerability and use patterns specific to pregnant women and 
children,” he wrote. (Insert slide: A Plea from Pediatricians). Does an organization representing
60,000 practitioners who care for children deserve to be brushed off along with “some health and 
safety interest groups?”

So what is the FCC doing in response to what at the very least is a troubling chain of clues to 
cellular danger? As it has done with wireless infrastructure, the FCC has to this point largely 
relied on industry “self-regulation.” Though it set standards for device radiation emissions back 
in 1996, the agency doesn’t generally test devices itself. Despite its responsibility for the safety 
of cell phones, the FCC relies on manufacturers’ good-faith efforts to test them. Critics contend 
that this has allowed manufacturers undue latitude in testing their devices.

Critics further contend that current standards, in place since cell phones were barely in use, 
are far too lax and do not reflect the heavy usage patterns that have evolved. Worse still, industry 
is allowed to test its own devices using an imprecise system that makes no special provision for 
protecting children and pregnant women. One 2012 study noted that the procedure widely used 
by manufacturers to test their phones “substantially underestimates” the amount of RF energy 
absorbed by 97% of the population, “especially children.” A child’s head can absorb over two 
times as much RF energy. Other persons with smaller heads, including women, are also more 
vulnerable. The authors recommend an alternative computer simulation technique that would 
provide greater insight into the impact of cellular radiation on children and on to the specific RF 
absorption rates of different tissues, which vary greatly.43

Acting on recommendations of the General Accounting Office, the FCC is now 
reconsidering its standards for wireless testing and allowed emissions. On the surface, this may 
seem to represent an effort to tighten standards to promote consumer health and safety. But many 
believe the FCC’s eventual new standard will actually be weaker, intensifying any health risk 
from industry’s self-reported emission levels. “They’re under great pressure from industry to 
loosen the criteria,” notes Joel Moskowitz, director of the Center for Family and Community 
Health at UC Berkeley’s School of Public Health.44 One fear is that the FCC could measure the 
allowed radiation absorption level (SAR) over a wider sample of tissue, effectively loosening the



standard allowable energy absorption. One FCC official, who asked that his name not be used, 
contended that a decision had not yet been made to loosen the standard.

But to this point, there is little evidence the FCC is listening to anyone beyond its familiar 
friends in the wireless industry. Carl Blackman, a scientist at the Environmental Protection 
agency until retiring in 2014, notes that the FCC does rely to some degree on an inter-agency 
governmental group for advice on health matters. The group includes, for example, 
representatives from the EPA and the FDA.

Blackman served on that advisory group and he says that it has been divided. Though some 
government advisers to the FCC find evidence of wireless health risks convincing, others remain 
skeptical, said Blackman. Root of the skepticism: even though numerous researchers have found 
biological and health effects, the mechanism for action by non-ionizing radiation on the human 
body has still not been identified. “I don’t think there’s enough of a consensus within the Radio 
Frequency Inter-agency Working Group for them to come out with stricter standards,” he says.45

But political pressures also figure mightily in all this. The EPA, notably, was once a hub of 
research on RF effects, employing as many as 35 scientists. However, the research program was 
cut off in the late 80s during the Regan presidency. Blackman says he was personally 
“forbidden” to study health effects by his “supervisory structure.”46 He termed it “a political 
decision” but recognized that if he wanted to continue to work at the EPA he would have to do 
research in another area.

Blackman is cautious in imputing motives to the high government officials who wanted his 
work at EPA stopped. But he does say that political pressure has been a factor at both the EPA 
and FCC: “The FCC people were quite responsive to the biological point of view. But there are 
also pressures on the FCC from industry.” The FCC, he suggests, may not just be looking at the 
scientific evidence “The FCC’s position—like the EPA’s—is influenced by political

47considerations as well.”

Still, the FCC has ultimate regulatory responsibility and cannot indefinitely pass the buck on 
an issue of fundamental public health. Remarkably, it has not changed course despite the IARC 
classification of cell phones as possibly carcinogenic, despite the recent studies showing triple 
the glioma risk for heavy users, despite the floodtide of research showing biological effects, and 
despite even the recent defection of core industry booster Alex Lerchl. It is the refusal of both 
industry and the FCC to even acknowledge this cascade of warning signs that seems most 
incriminating.

Of course, industry behavior goes well beyond pushing for the FCC’s willful ignorance and 
inaction. Industry behavior also includes self-serving public relations and hyper aggressive legal 
action. It can also involve undermining the credibility of and cutting off the funding for 
researchers who do not endorse cellular safety. It is these hardball tactics that recall 20th century 
Big Tobacco tactics. It is these tactics that heighten suspicion that the wireless industry does



indeed have a dirty secret. And it is those tactics that intensify the spotlight on an FCC that so 
timidly follows the script of the fabulously wealthy, bullying, billion-dollar beneficiaries of 
wireless.



Chapter Four: You Don’t Need Wires To Tie People Up

So let’s look a little more deeply at some of the actions of an industry group that boasts of 
500 meetings a year with the FCC. Lobbying is one thing. Intimidation is another. CTIA has 
shown its skill at—and willingness to use—both.

Outright legal bullying is a favored tactic. The City of San Francisco passed an ordinance in 
2010 that required cell phone manufacturers to display more prominently information on the 
emissions from their devices. This information was already disclosed—but often buried—in 
operator manuals and on manufacturer websites. The idea was to ensure that consumers saw 
information already mandated and provided.

Seeing this as a threat to its floodtide of business, the industry sued the City of San 
Francisco. The City, fearing a prolonged legal fight with an industry that generates hundreds of 
billions of dollars in annual revenue, backed down.

On May 12, 2015, Berkeley, California’s City Council unanimously passed a similar 
ordinance. Joel Moskowitz, director of the Center for Family and Community Health at the 
University of California-Berkeley’s School of Public Health, has been involved in the effort. 
Berkeley, he says, didn’t want to run into the same legal threats that paralyzed San Francisco. So 
it tried to draft the most inoffensive and mild language possible. The proposed Cell Phone Right 
to Know ordinance: “To assure safety, the Federal Government requires that cell phones meet 
radio frequency (RF) exposure guidelines. If you carry or use your phone in a pants or shirt 
pocket or tucked into a bra when the phone is ON and connected to a wireless network, you may 
exceed the federal guidelines for exposure to RF radiation. This potential risk is greater for 
children. Refer to the instructions in your phone or user manual for information about how to use 
your phone safely.”48

Sounds pretty inoffensive, no? Not to the CTIA, which indicated that it was prepared to sue, 
according to Berkeley City Attorney Zach Cowan.49 (On June 8th, CTIA did indeed sue the City 
of Berkeley.)

Well, from the industry point of view, why not throw around your weight? Smash mouth 
legal tactics have been highly successful thus far as industry has managed to throttle several 
efforts to implicate manufacturers in cases where heavy users suffered brain tumors.

But one current case has advanced in district court in Washington to the point where the 
judge allowed plaintiffs to present expert witness testimony. The industry response: file a legal 
action seeking to invalidate long-held court methods for qualifying expert witnesses.

This is a very rich industry that does not hesitate to outspend and bully challengers into 
submission. Meanwhile, amidst the legal smoke and medical confusion, the industry has



managed to make the entire world dependent on its products. Even tobacco never had so many 
hooked users.

Such sustained success in the face of medical doubt has required industry to keep a lid on 
critics and detractors. Many scientists who’ve found real or potential risk from the sort of 
microwave radiation emanating from wireless devices have learned there is a price to be paid for 
standing up to the industry juggernaut. A few prominent examples:

In 1994, University of Washington researchers Henry Lai and N.P. Singh found that rats 
exposed to microwave radiation suffered DNA damage to their brain cells. This was a scary 
finding since DNA damage can lead to mutations and possibly cancer.

The reaction from industry was swift. Motorola was at that time the U.S. market leader in 
cell phones. In a memorandum obtained by the journal Microwave News, Motorola PR honcho 
Norm Sandler outlined how the company could “downplay the significance of the Lai study.” 
One step: “We have developed a list of independent experts in this field and are in the process of 
recruiting individuals willing and able to reassure the public on these matters,” Sandler wrote. 
After outlining such measures, he concluded that Motorola had “sufficiently war-gamed” the 
issue. The practices of lining up industry-friendly testimony and “war-gaming” researchers who 
come up with unfavorable results have been persistent themes with this industry.

Motorola "War-Games" Bad News

Motorola, Microwaves and DNA Breaks: 
“War-Gaming” the Lai-Singh Experiments

"We have developed a list of independent experts in this field and are in the 
process of recruiting individuals willing and able to reassure the public on 
these matters."

"I think we have sufficiently war-gamed the Lai-Singh issue..."

After Lai’s results were published, Motorola decided to sponsor further research on 
microwaves and DNA damage. Oftentimes, lab results cannot be reproduced by other



researchers, particularly if experiments are tweaked and performed a bit differently. Non
confirming studies raise doubt, of course, on the original work.

Motorola lined up Jerry Phillips, a scientist at the Veteran’s Administration Medical Center 
in Loma Linda, California, and Phillips tested the effect of radiation at different frequencies from 
those tested by Lai and Singh. Nevertheless, Phillips found that at some levels of exposure, DNA 
damage increased, while at other levels it decreased. Such findings were “consistent” with the 
sorts of effects produced by chemical agents, Phillips said in an interview.50 In some cases, the 
radiation may have activated DNA repair mechanisms, reducing the overall microwave effect. 
But what was important, Phillips explained, is that there were any biological effects at all. The 
wireless industry has long contended—and the FCC has agreed—that there is no evidence that 
non-ionizing radiation at the frequencies and power levels used by cell phones is biologically 
active.

Understanding the potential impact of “biological effect” findings, Motorola again turned to 
damage control, said Phillips. He recalls receiving a phone call from a Motorola R&D executive. 
“I don’t think you’ve done enough research,’” Phillips recalls being told. The study wasn’t ready 
for publication, according to the Motorola executive. Phillips was offered more money to do 
further research without publishing the results of what he’d done.

But Phillips felt he’d done enough. Despite warnings for his own boss to “give Motorola 
what it wants,” Phillips went ahead and published his findings in 1998. Since then, Phillips’ 
industry funding has dried up. Meanwhile, as many other researchers report, government funding 
to do independent research on microwave radiation has dried up, leaving the field at least in the 
U.S. to industry-funded scientists. “There is no money to do the research,” Said Phillips. “It’s not 
going to come from government because government is controlled by industry.”51

Om P. Gandhi is Professor of Electrical and Computer Engineering at the University of Utah 
and a leading expert in dosimetry—measurement of non-ionizing radiation absorbed by the 
human body. Even before cell phones were in wide use, Professor Gandhi had concluded that 
children absorb more emitted microwave radiation. “The concentration of absorbed energy is 50

52to 80% greater,” he explained.

These conclusions were not acceptable to Professor Gandhi’s industrial sponsors. In 1998, he 
recalls, an executive from a cell phone manufacturer—which he did not want to identify—told 
him directly that if he did not discontinue his research on children his funding would be cut off. 
Professor Gandhi recalled replying: “I will not stop. I am a tenured professor at the University of 
Utah and I will not reject my academic freedom.” Professor Gandhi also recalled some of his 
thought process: “I wasn’t going to order my students to alter their results so that I can get 
funding.” His industry sponsors cancelled his contract and asked for a return of funds.



Professor Gandhi believes that some cell phone users require extra protection because their 
heads are smaller and more absorptive. “Children, as well as women and other individuals with 
smaller heads absorb more concentrated energy because of the proximity of the radiating antenna 
to the brain tissue,” he said. And yet the FCC has not acted to provide special protection for these 
groups. Asked why not, Professor Gandhi conceded that he doesn’t know. He does note,

53however, that recent standards-setting has been dominated by industry representatives.

While the mobile industry refuses to admit to even the possibility that there is danger in RF 
radiation, giant insurance companies see things differently. Several insurers have in recent years 
issued reports highlighting product liability risk with cell phones. This is important because it is 
evidence that where money is on the line professionals outside the industry see the risk of legal 
liability.

Legal exposure could be one reason—perhaps the central one—the industry continues to 
stonewall. Should legal liability be established, one key question will be how much wireless 
executives knew—and at what point in time. Meanwhile, the combination of public relations 
denials, legal intimidation and the selective application of pressure on research follows a familiar 
pattern. “The industry is basically using the tobacco industry playbook,” UC Berkeley’s 
Moskowitz said in a recent radio interview.54

That playbook has thus far been highly successful in warding off attention, regulation and 
legal incrimination.



Chapter Five: $270 Billion . . . and Looking for Handouts

The FCC’s network of corruption doesn’t just shield industry from needed scrutiny and 
regulation on matters of public health and safety. Sometimes it just puts its hand directly into the 
public pocket and redistributes that cash to industry supplicants.

Such is arguably the case with the Universal Service Fund. Originally established to extend 
telephone service to rural and urban areas that industry would find difficult or uneconomical to 
wire, the USF is now shifting from subsidizing landline phone service to subsidizing the 
extension of broadband Internet. USF monies also support the Lifeline program, which 
subsidizes cell phone service to low-income consumers, and the E-Rate program, which 
subsidizes Internet infrastructure and service to schools and libraries.

Since 1998, more than $110 billion has been allocated to Universal Service programs, notes 
Charles Davidson, director of the Advanced Communications Law & Policy Institute at New 
York Law School. The FCC has allocated over $40 billion to the E-Rate program alone.

Who pays the freight for these high-cost programs? You do.

Technically, landline and wireless phone companies are assessed for the Universal Service 
fund’s expenditures. But the FCC also allows those companies to pass on such charges to their 
subscribers, which they do. Both landline and wireless subscribers pay a monthly Universal 
Service charge that is tacked on to their phone bills. That charge has been rising and recently 
amounted to a 16% surcharge on interstate calls.

Consumers who pay for these programs might be interested to learn that both the E-Rate and 
Lifeline programs have been riddled with fraud. Government watchdogs have repeatedly found 
the programs to be inefficient and prone to inflated and fraudulent claims. But the programs have 
been a windfall for tech and telecom industry beneficiaries. Wherever the FCC presides, it 
seems, these industries reap a windfall.

The General Accounting Office (GAO) has issued several reports citing fraud, waste and 
mismanagement, along with inadequate FCC oversight of the subsidy program. Bribery, 
kickbacks and false documentation can perhaps be expected in a handout program mandated by 
Congress and only indirectly supervised by the FCC.

But the scope of fraud has been impressive. The most striking corruption has marred the E- 
Rate program, which subsidizes Internet hardware, software and service for schools and libraries, 
and the Lifeline cell phone subsidies.

In recent years, several school districts have paid fines to settle fraud cases involving 
bribery, kickbacks, non-competitive bidding of contracts and false documentation in the E-Rate



program. More eye opening perhaps are the settlements of fraud claims by tech giants like IBM, 
Hewlett Packard and AT&T. The HP case, for example, involved some colorful bribery 
allegations, including gifts of yachts and Super Bowl tickets. HP settled for $16 million. An HP 
official and a Dallas Independent School District official both received jail sentences.

The Lifeline program has also been riddled with fraud. A Wall Street Journal investigation of 
the five top corporate beneficiaries of Lifeline showed that 41% of more than 6 million subsidy 
claimants “couldn’t demonstrate their eligibility or didn’t respond to requests for certification.”55 
AT&T, Verizon, and Sprint Nextel were three of the major Lifeline beneficiaries.

The FCC has initiated several efforts to clean up USF programs and seems honestly 
determined to bring greater accountability and efficiency to its subsidy efforts. Nevertheless, 
problems with fraud persist, as reported recently by the FCC’s own top investigator.

Congress established the FCC’s Office of Inspector General in 1989 to “provide objective 
and independent investigations, audits and reviews of the FCC’s programs and operations.” 
Here’s what the FCC’s internal investigative unit said in a September 30, 2014 report to 
Congress about its Office of Investigation (OI): “The bulk of the work of OI involves 
investigating and supporting civil and criminal investigations/prosecutions of fraud in the FCC’s 
federal universal service program.”56

OFFICE OF INVESTIGATION

The bulk of the work of OI involves investigating and supporting civil and criminal 
investigations/prosecutions of fraud in the FCC’s federal universal service program.

Fraud—as pervasive and troubling as it has been—is just one of the problems with the 
programs of universal service. It may not even be the fundamental problem. More fundamental 
issues concern the very aim, logic and efficiency of programs to extend broadband and wireless 
technology at public expense. Though the aims of extending service to distant impoverished 
areas seem worthy on the surface, there are many reasons to think the major beneficiaries of 
these programs are the technology companies that win the contracts.



Lobbyists have long swarmed over the FCC looking to get an ever-growing piece of the USF 
honeypot. An FCC report on meetings with registered lobbyists details a 2010 meeting with 
representatives of the International Society for Technology in Education and other education 
lobbyists. Topics discussed, according to the FCC report, included “the need to raise the E-

57Rate’s annual cap.”

The CTIA, leaving no stone unturned in its efforts to pump up member revenues, last year 
responded to a House hearing on the USF by grousing that “current USF-supported programs 
skew heavily toward support of wireline services. . . . The concentration of USF monies to 
support wireline services is inconsistent with technological neutrality principles and 
demonstrated consumer preferences,” CTIA wrote.. An industry that generates hundreds of 
billions of dollars in equipment and service revenues annually bellies up for a bigger slice of the 
$8 billion a year USF.

The grousing has paid off. The FCC recently announced that it will raise spending on E-Rate 
from what had been a cap of $2.4 billion a year to $3.9 billion. A significant portion of new 
outlays will go to Wi-Fi—yet another wireless industry victory at the FCC. But the CTIA is by 
no means the only industry group pressing the FCC.

Leading the roster of active lobbyists on E-Rate issues is the Software and Information 
Industry Association. Beginning in 2006, SIAA led all lobbyists with 54 mentions of E-Rate in 
its filings, according to the Center for Responsive Politics. SIAA board members include 
executives from tech heavyweights Google, Oracle and Adobe Systems.

Tech business leaders—many of them direct beneficiaries of FCC programs—made a direct 
pitch to FCC Chairman Wheeler last year to hike E-Rate funding. “The FCC must act boldly to 
modernize the E-Rate program to provide the capital needed to upgrade our K-12 broadband 
connectivity and Wi-Fi infrastructure within the next five years,” the executives wrote.59

There were dozens of corporate executive signees to this letter, including the CEOs of many 
Fortune 500 giants. But let’s just consider the participation of three: top executives of Microsoft, 
Google and HP all joined the call to expand E-Rate subsidies. Consider the simple fact that these 
three tech giants alone had revenues of $270 billion—more than a quarter of a trillion dollars—in 
a recent four-quarter period. Together, they produced nearly $40 billion in net income. And yet 
their top executives still thought it necessary to dun the FCC—and really, they were 
surreptitiously hitting up the public—for ramped-up spending on what was then a $2.4 billion a 
year program.

Is that greed? Arrogance? Or is it simply behavior conditioned by success in repeatedly 
getting what they want at the public trough? Almost never mentioned in these pleas for higher 
subsidies is the fact that ordinary American phone subscribers are the ones footing the bill for the 
E-Rate program—not the FCC or the telecom industry.



Much of the added spending, as noted, will go towards the installation of wireless networks. 
And yet Wi-Fi does not have a clean bill of health. When Lennart Hardell, professor of Oncology 
and Cancer Epidemiology at the University Hospital in Orebro, Sweden, was asked what he 
would do if given policy authority over wireless health issues, he replied swiftly that he would 
“ban wireless use in schools and pre-school.” Noting that there are wired alternatives, Professor 
Hardell flatly stated: “You don’t need Wi-Fi.”60 And yet the FCC, prodded by an industry ever 
on the lookout for incremental growth opportunities, is ignoring the health of youngsters to 
promote expanded Wi-Fi subsidies in schools across the U.S.

And what about the merit of the program itself? Overlooking the fraud and lobbying and Wi
Fi safety issues for a moment, shouldn’t schools and libraries across the country be equipped 
with the best electronic gear, accessing the Internet at the fastest speeds? Doesn’t the government 
owe that to its younger citizens, especially those disadvantaged by the long-referenced digital 
divide?

Well, maybe. But answers to these questions hinge on even more fundamental question: Do 
students actually learn more or better with access to the latest high-speed electronic gadgetry?

It would be foolish to argue that nobody benefits from access to high-speed Internet. But the 
benefits are nowhere near as broad or rich as corporate beneficiaries claim. Some researchers, for 
example, have concluded that computers don’t seem to have positive educational impact—they 
may even have negative impact—when introduced into the home or freely distributed to kids 
from low income backgrounds.

Duke University researchers Jacob Vigdor and Helen Ladd studied the introduction of 
computers into North Carolina homes. They found that the academic performance of youngsters 
given computers actually declined. “The introduction of home computer technology is associated 
with modest but statistically significant and persistent negative impacts on student math and 
reading test scores,” the authors wrote in a National Bureau of Economic Research Working 
Paper.61 The impact was actually most negative on the poorer students.

A study in the Journal of International Affairs examined the impact of the global One Laptop 
Per Child Program (OLPC), which has distributed millions of computers to children around the 
world. Researchers Mark Warschauer and Morgan Ames conclude: “The analysis reveals that 
provision of individual laptops is a utopian vision for the children in the poorest countries, 
whose educational and social futures could be more effectively improved if the same investments 
were instead made on more proven and sustainable interventions. Middle- and high-income 
countries may have a stronger rationale for providing individual laptops to children, but will 
still want to eschew OLPC’s technocratic vision. In summary, OLPC represents the latest in a 
long line of technologically utopian schemes that have unsuccessfully attempted to solve complex 
social problems with overly simplistic solutions”62
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Can One Laptop Per Child Save the World’s Poor?

"...In summary, One Laptop Per Child represents the latest in a long line of 
technologically utopian development schemes that have unsuccessfully attempted to 
solve complex social problems with overly simplistic solutions."

Access to computers in the home may not work educational magic. But what about 
computers in the classroom? Don’t they have educational value there?

The anecdotal evidence is mixed at best. Consider how students in Los Angeles, newly 
equipped with flashy iPads at a mind-boggling taxpayer cost of more than $1 billion, went about 
using the new tools to improve their educational performance. “Instead of solving math problems 
or doing English homework, as administrators envisioned, more than 300 Los Angeles Unified 
School District students promptly cracked the security setting and started tweeting, posting to 
Facebook and playing video games.”63

But let’s cut through the self-serving corporate claims and the troubling anecdotes to hear 
from someone who actually has had extensive and unique field experience. Kentaro Toyama was 
co-founder of Microsoft’s research lab in India. Over more than five years he oversaw at least a 
dozen projects that sought to address educational problems with the introduction of computer 
technology. His conclusion: “The value of technology has been over-hyped and over-sold.”

The most important factor in improving schools, says Toyama, now the W.K Kellogg 
Associate Professor of Community Information at the University of Michigan, is good teachers. 
Without good, well-trained teachers, adequate budgets and solid school administration, 
technology does little good. “Technology by itself never has any kind of positive impact,” he 
said.64

The only schools in his experience that benefited from increased technology investment were 
those where “the teachers were very good, the budgets adequate.” The richer schools, in essence. 
But as both Vigdor and Warschauer found, the introduction of technology has by itself little if 
any positive effect. For a public conditioned to believe in the virtues of new technology, such 
testimony is a bracing dose of cold reality.



But what about cost? Doesn’t technology in the schools more efficiently replace alternative 
investments? Cost reductions are often the most persuasive argument for technology, Toyama 
agrees. But even these have been overstated. The costs of introducing new technology run far 
beyond initial hardware and software investments, said Toyama. In reality, the total costs of 
ownership—including maintenance, training, and repair—typically run to five or ten times the 
initial cost, according to Toyama. He said of the investment in technology for cost benefits: “I 
would say that in the long run—and even in the medium run and the short-run—that’s probably 
the worst and most misguided conclusion to come to.”65

He adds: “The inescapable conclusion is that significant investments in computers, mobile 
phones and other electronic gadgets in education are neither necessary nor warranted for most 
school systems. In particular, the attempt to use technology to fix underperforming class rooms .
. . is futile. And for all but wealthy, well-run schools, one-to-one computer programs cannot be 
recommended in good conscience.”66

But that doesn’t keep industry lobbyists from recommending them. And it hasn’t kept the 
FCC for spending scores of billions subsidizing technology to the very groups least likely to 
benefit from it.

Unmoved by the arguments of researchers and educators like Vigdor, Warschauer, and 
Toyama, the FCC keeps moving to increase technology subsidies. Ignoring research that disputes 
the value of technology in closing the so-called “digital divide,” the FCC has even pioneered a 
new slogan: “the Wi-Fi gap.”

In announcing that it was lifting E-Rate’s annual budget from $2.4 billion to $3.9 billion and 
stepping up investment in wireless networking, FCC chairman Wheeler exulted that “10 million 
students are going to experience new and better opportunities.”67 The impact on consumer 
pocketbooks (and potentially on youngsters’ health from daily Wi-Fi exposure) were not 
mentioned.

The two Republican members of the FCC did at least recognize the pocketbook impact. “It 
always seems easier for some people to take more money from the American people via higher 
taxes and fees rather than do the hard work,” said Commissioner Michael O’Reilly.68

The subsidized provision of high-speed Internet service is yet another pet project of the FCC. 
Julius Genachowski, chairman from 2009 to 2013, championed the transition of the USF from 
landline phone service to broadband. Universal broadband Internet connections would begin to 
absorb the monies collected from consumers to extend basic phone service.

As with government subsidies for cell phone service, classroom technology, and Wi-Fi, there 
are basic questions about the wisdom of subsidizing broadband. Charles Davidson and Michael 
Santorelli of the New York Law School found that spending billions to extend broadband is a 
flawed approach since there are many largely ignored reasons people choose not to adopt



broadband. “Everybody is pushing broadband non-stop,” noted Davidson, director of the Law 
School’s Advanced Communications Law and Policy Institute. “I think the FCC is focused on 
the wrong set of issues,” he said.69

Already, he explained, over 98% of Americans have access to wired or wireless broadband. 
The issue is not one of supply. It’s one of demand. Many people—for a variety of reasons— 
don’t really care about broadband, he contends. Price is one issue. Also powerful factors—but 
given almost no attention—are privacy and security concerns. “In our view, they should be

70focused on barriers to meaningful broadband utilization: privacy and security,” said Davidson.

But consumer privacy (more on this subject in Chapter Seven) has no well-funded lobby with 
limitless access to the FCC.



Chapter Six: The Cable Connection

The network has also been active in diluting FCC control of the cable television industry. 
Over the years, cable has devolved into major de facto local monopolies. Comcast and Time 
Warner Cable, whose merger proposal was dropped in April, are dominant forces in both cable 
television and broadband Internet subscriptions. Somehow, though, they have managed to steer 
clear of one another in specific markets, giving each pricing power where it faces little local 
competition.

It’s interesting that cable companies annually rank in consumer polls among the “most hated” 
or “most disliked” American corporations. Indeed, Comcast and Time Warner Cable often top 
the “most hated” list. Why would these companies—providers of the TV programming that has 
so expanded consumer options in recent decades—be so widely scorned? After all, the U.S. has 
been a leader in developing both cable technology and diverse television programming.

The problem is that it hasn’t been anything close to a leader in bringing down subscriber 
prices. Industry consultants typically measure pricing by the metric of average revenue per 
subscriber. Industry trackers at IHS compared the price of U.S. pay television (which includes 
satellite services) to those in more than 60 other countries. U.S. prices were the highest, with 
only Australia even coming close. The average revenue per subscriber in the U.S. in 2013 was 
$81. But in France it was just $18.55. In Germany it was $19.68. In Japan it was just over $26.

Pay TV Monthly Revenue Per Person:



And U.S. cable prices have risen in recent years at rates three or more times the rate of 
inflation. This has been going on for some time. From 1995 to 2013 cable rates increased at a 
6.1% annual clip. The Consumer Price Index, by contrast, rose by just 2.4% annually. Former 
FCC commissioner Michael Copps says the FCC shares a major part of the blame. “The FCC is
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One area where the FCC has contributed to the problem is in its traditional rubber-stamping 
of merger agreements. The proposed Comcast/Time Warner Cable deal has been shelved, largely 
because of Justice Department reservations. But a long run of earlier FCC-sanctioned deals 
allowed Comcast and Time Warner Cable to grow to the market dominance—and attendant 
pricing power—they currently command.

Lofty monthly cable bills pinch consumers. But it’s more than that. Subscribers paying $80 a 
month are often paying for a lot of channels they don’t watch and don’t want. The FCC has 
never required cable operators to charge for what consumers actually want to watch. Kevin 
Martin, who chaired the FCC from 2005 to 2009, pushed to “debundle” programming in hopes 
of lowering bills. But the issue was never resolved. Only recently have viable competitive 
alternatives to cable’s “bundled” packages become available. The satellite service Dish, for 
example, months ago introduced its Sling offering that enables consumers to opt for smaller and 
cheaper packages.

In fairness to cable operators, it should be pointed that programmers often require operators 
to take unwanted or fledgling channels along with their stars. New York cable operator 
Cablevision Systems filed suit against Viacom in 2013, charging that in order to get popular 
channels like MTV and Nickelodeon it was also forced to take low-rated channels like Nicktoons 
and VH1 Soul. But the simple truth is that no matter who is to blame, the cable consumer pays 
high prices, typically for some programming he doesn’t want. As it often does when powerful 
interests pursue dubious practices, the FCC has for the most part idly stood by.

Still, the FCC isn’t entirely to blame. Some factors in the growth of the cable giants cannot 
be laid at its doorstep. Local municipalities often granted monopoly or duopoly status in granting 
franchises to cable network builders. With the huge capital investments required to cable 
metropolitan areas, this once seemed to make sense.

And over the years, the cable giants have used a variety of tactics to weaken what little local 
competition they may have had. Active lobbyists on the local level, the cable giants have 
managed to convince a growing number of states to outlaw municipal systems that could threaten 
private corporate incumbents. The FCC for many years declined to tangle with the states in this 
matter, partly due to the opposition of Republican commissioners. But the Wheeler-led 
Commission did vote recently to override state laws that limit the build-out of municipal cable 
systems.



Still, many years of industry subservience will be difficult to swiftly undo. One linchpin 
merger shows how FCC decision-making has been thoroughly undermined by the revolving 
door, lobbying, and carefully targeted campaign contributions. All conspired in Comcast’s 
pivotal 2011 buyout of NBC Universal, a deal which reinforced Comcast’s domination of both 
cable and broadband access. This deal also set the stage for the recent headline-grabbing 
acrimony over the issue of net neutrality.

In 2011, mighty Comcast proposed to acquire NBC Universal. A series of mergers including 
the 1986 acquisition of Group W assets and the 2002 acquisition of AT&T’s cable assets had 
already vaulted Comcast into cable market leadership. In bidding for NBC Universal, a huge step 
towards vertical integration, Comcast was once again raising the stakes. NBC Universal would 
give Comcast a treasure trove of programming, including valued sports content like NFL football 
and the Olympics.

Suddenly, the issue was not just cable subscriber base size—where Comcast had already 
bought its way to dominance. NBC Universal would also allow Comcast to consolidate its 
growing power as a broadband Internet provider. And with NBC Universal’s programming 
assets, Comcast would gain new leverage when negotiating prices to carry the competing 
programming content of rivals. This would prompt a new round of debate over net neutrality. 
Couldn’t a programming-rich Comcast slow down rival services—or charge them more to carry 
their programming?

To short-circuit any potential opposition to the merger, Comcast assembled a superstar cast 
of lobbyists. As Susan Crawford reports in her 2013 book, “Comcast hired almost eighty former 
government employees to help lobby for approval of the merger, including several former chiefs 
of staff for key legislators on congressional antitrust committees, former FCC staffers and 
Antitrust Division lawyers, and at least four former members of Congress. Such “profligate 
hiring,” Crawford observes, pretty much silenced the opposition to the deal. If Comcast had 
already retained one member of a lobbying firm, the firm could not under conflict of interest 
rules object to the deal. And Comcast had locked up key lobbying shops. Money was both 
weapon and silencer.

Of course, Comcast had always been a big spender on lobbying, with outlays exceeding $12 
million every year since 2008. Lobbying costs peaked in 2011 at $19.6 million, according to the 
Center for Responsive Politics.

For its part, the FCC had a long history of approving most media mergers. So it was hardly a 
great surprise when the agency, after exacting some relatively minor concessions from Comcast, 
rubber-stamped the deal. Comcast would thus broaden its footprint as local monopoly distributor 
of cable. And with its new programming assets, it would enhance its leverage in negotiating 
deals to carry its rivals’ programming. It would also fortify its position of growing strength as 
broadband Internet gatekeeper.



The most telling footnote to the deal would come just four months later. FCC Commissioner 
Meredith Atwell Baker, who voted to approve the merger in January 2011, left the FCC to 
become a top-tier Comcast lobbyist in May. It was the ultimate—and perhaps most telling— 
glide of the revolving door.

Baker’s was a high-profile defection. But it was neither the first nor the last. Comcast had 
successfully convinced other FCC officials to take their expertise and government contacts to the 
cable giant. Comcast has long been a master at spinning the revolving door to its own advantage.

74“Comcast has been very good at hiring everyone who is very smart,” said Crawford.

Approval of the NBC Universal deal was another in the long string of FCC merger approvals 
that made Comcast a nationwide monopolist that could dictate both pricing and viewer 
programming choice.

But the deal may have had another unintended consequence. It set the stage for Comcast’s 
subsequent battles on net neutrality. “Those mergers gave additional oomph to the issue of net 
neutrality,” noted former commissioner Copps. Speaking specifically of Comcast’s buyout of 
NBC Universal, IHS senior analyst Eric Brannon agreed. “That merger laid the grounds for net 
neutrality.”

In allowing Comcast to acquire major programming assets, the deal would sharpen questions 
about the power of gatekeepers like Comcast to control the flow of traffic from rival Web 
services. So in bowing to lobbyist pressure, the FCC would bring on itself a whole new set of 
pressures by focusing public attention on the issue of net neutrality.

With activists rounding up comments from the public and hip TV personalities like HBO’s 
John Oliver also beating the drums, net neutrality quickly grew into a popular issue that won the 
support of President Obama, and by proxy, his hand-picked appointee Tom Wheeler. When the 
FCC ruled in February of 2015 that it would seek Title II authority to regulate the Internet and 
presumably block any favoritism by broadband gatekeepers, it seemed to finally cast its lot with 
the public against steamrolling corporate interests

The issue had simmered for years but reached full boil when movie purveyor Netflix, which 
had argued that its service was slowed down by Comcast, signed a side deal ensuring better 
download speeds for its wares. This triggered an outburst of public concern that Comcast was 
now in position to operate “fast” and “slow” lanes, depending on whether a rival programmer 
could afford to ensure that Comcast provide adequate download speed.

With nearly 4 million comments—many supplied or encouraged by public interest groups— 
filed to the FCC, net neutrality was a bankable political issue. And there’s no question, net 
neutrality attracted public interest because it gave cable viewers—long furious at the treatment 
by the monopolists who send them monthly bills—issues of both viewing pleasure and 
economics.



But it also fed into the longstanding sentimental but increasingly unrealistic view of the 
Internet as the last bastion of intellectual freedom. Internet romanticists have long seen the Web 
as a place that somehow deserves special rules for breaking the stranglehold of traditional media 
and offering exciting new communications, information retrieval and shopping efficiencies.

Yes, the Internet is a modern marvel. This is beyond dispute. But some of the favors it has 
won from government over the years have had unfortunate unintended consequences.

In the 1990s, for example, net access providers were repeatedly exempted as an “infant 
industry” from paying access charges to the Baby Bells even though they had to connect users 
through local phone networks. The long distance companies were then paying as much as $30 
billion a year for the privilege. But the Internet was exempted.

As the late 90s approached, the Internet was no longer an infant industry. Still, the 
exemption from access charges was extended. That exemption essentially allowed AOL in the 
late 90s to offer unlimited unmetered online time, a key factor in boosting usage and siphoning 
advertisers from print media. Why buy an ad in print that might get viewed with the transitory 
flip of a page when you can get round-the-clock attention online? FCC decisions to grant the 
Internet access-charge exemptions arguably accelerated the decline of print media and much of 
the quality journalism print advertising could once support.

Meanwhile, retailers on the Internet were making inroads into brick and mortar retail 
business with the help of a Supreme Court-sanctioned exemption from collecting sales tax.76 
This judicial coddling of the Internet was the death knell for many smaller mom and pop local 
businesses, already challenged to match online pricing. And that’s not all. The special favors 
continue virtually every year, as Congress proposes and/or passes legislation to extend special 
tax exemptions to Internet services.

Well, maybe tax breaks aren’t such a bad idea for such an innovative and transformational 
emerging technology. For all its faults, the Internet—gateway to all goods, repository of all 
things, wizardly guide to all knowledge, enabler of universal self-expression—is undeniably 
cool.

But let’s not deny that the combination of tax advantages and deregulation was toxic. Allow 
an industry to emerge with advantages over useful existing industries that largely play by the 
rules—well, maybe that can be rationalized. But then fail to hold the upstart industry to the same 
rules, allowing it more leeway to trample fundamental rights because it has the technical capacity 
to do so. Well, then you have a cruel Faustian bargain.

With the see-no-evil deregulatory gospel loosing all constraints, the Web would devolve into 
a playground for corporate snoops and criminals. For all its wonders, the Internet comes at a 
cost: the loss of control over personal data, the surrender of personal privacy, sometimes even 
the confiscation of identity.



Perhaps the most favorable consequence of net neutrality—and one that has gotten 
surprisingly little attention—is that it could set the stage for privacy reform. (More on this in 
Chapter Seven). The FCC can now choose to exercise its Title II powers to enforce privacy 
standards over broadband Internet. Privacy is one area where the FCC has done a pretty good job 
in the past.

Worth remembering, though, is that the hard-fought public victory over Net Neutrality may 
be transitory. AT&T and others have threatened to go to court to upend the FCC rules. And 
there’s a fair chance a Republican Congress will legislate against Title II.

Meanwhile, though, one supreme irony has begun to unfold in the marketplace.

Modern-day laissez fair ideologues love to invoke the wisdom of markets as represented by 
the “mysterious hand” of Adam Smith. Unfortunately, in the absence of effective regulation, the 
putatively wise “mysterious hand” generally seems to work its magic for those with huge 
financial resources and the political access it buys.

In the current cable situation, however, the mysterious hand may actually be working in 
consumer-friendly ways. Years of regulation that favored the cable companies have now 
backfired as the market reacts to monopolistic pricing and content control.

Whereas cable giants have commanded premium monthly subscriber prices to deliver 
packages of largely unwatched channels, the market is now beginning to burst with new 
“debundled” options that are whittling away at cable’s vast subscriber base.

Satellite service Direct TV, as noted, now offers its streaming video Sling TV package of 
popular networks that includes live sports and news. Amazon, Apple, CBS, HBO, Netflix, Sony, 
and others offer a variety of streaming video options that allow viewers to cut the cable cord. 
Suddenly, consumers have the cherry-picking capability that bundled—and expensive—cable 
packages have never allowed.

In this case, at least, the unintended consequences of the FCC’s pro-industry policies may be 
producing an unexpected pro-consumer twist.



Chapter Seven: What about Privacy?

Has any issue gotten as much lip service—and as little meaningful action?

For all the various congressional bills, corporate self-regulatory schemes and presidential 
Privacy Bill of Rights proposals, the simple truth remains that no personal information is safe on 
the Internet. Data brokers have built a multi-billion dollar business exchanging information used 
to build profiles of Net users. Your shopping and surfing habits, your health history, your 
banking data, your network of social ties, perhaps even your tax filings are all potentially 
exposed online. Both legal and criminal enterprises amass this information. And it doesn’t go 
away.

At any given moment people you don’t know somehow know where you are. They may very 
well know when you made your last bank deposit, when you had your last asthma attack or 
menstrual period. Corporations encourage and pay for every bit of information they can use or 
sell. Creepy? Perhaps, but as Jeff Chester, president of the Center for Digital Democracy points
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The FCC largely escapes blame on this one. It is the Federal Trade Commission that has had 
primary responsibility for protecting Internet privacy. The FCC does have some limited 
authority, which, some critics say, could have been exercised more vigorously. But for the most 
part the FCC is not to blame for the rampant online abuse of personal privacy and identity.

The FCC does however have privacy authority over the phone, cable and satellite industries. 
Until recently, at least, the FCC has kept privacy issues at bay among the companies in these 
industries. “The FCC has generally taken privacy very seriously,” noted Harold Feld, a senior
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But dynamics now in place suggest that privacy may be the next great testing ground for the 
FCC. A new chance, perhaps, to champion public interest. Even before the opportunity for 
privacy enforcement under Title II regulatory powers, the FCC faces new challenges from phone 
companies, now itching to monetize their vast consumer data stashes the way Net companies 
have. The commonly used term is “Google envy.”

“Until now, ISPs (Internet Service Providers) have mostly not gotten into hot water on 
privacy—but that’s changing,” observed Jonathan Mayer, a fellow at the Center for Internet and 
Society. Verizon and AT&T, major providers of mobile Internet access, have each introduced 
“super cookies” that track consumer behavior even if they try to delete older, less powerful, 
forms of cookies. AT&T is actually charging its customers an extra $30 a month not to be 
tracked.

Showdowns loom.



In adopting Title II to enforce net neutrality, the FCC has made broadband Internet access a 
telecom service subject to regulation as a “common carrier.” This reclassification means that the 
FCC could choose to invoke privacy authority under Title Il’s Section 222. That section, 
previously applied to phone and cable companies, mandates the protection of consumer 
information. Such information—called CPNI for Customer Proprietary Network Information— 
has kept phone companies from selling data on whom you call, from where you call and how 
long you spend on the phone. Consumers may have taken such protection for granted on their 
phone calls. But they have no such protection on their Internet activity—which, as noted, has 
been a multi-billion dollar safe house hideaway for corporate and criminal abusers of personal 
privacy.

Now, though, the FCC could put broadband Internet communications under Section 222 
protection. To Scott Cleland, a telecom industry consultant who has often been ahead of the 
analytic pack, this would be a momentous decision.

When the smoke clears—and it hasn’t yet—the FCC could make consumer identifiers like IP 
addresses the equivalent of phone numbers. Suddenly, the Internet companies that have 
trafficked in all that personal data would be subject to the same controls as the phone and cable 
companies.

Cleland argues that the risk for privacy abuses extends beyond broadband access providers 
like Comcast and Verizon to Internet giants like Google and Facebook that have until now
flourished with all that personal data. “They are at risk and they are going to live under the
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Much has been written about the legal challenges broadband access providers intend to 
mount against the FCC’s new rules. But Cleland argues that a very different type of legal action 
could engulf companies that have benefited from the use and sale of private data. Trial lawyers, 
he argues, will see opportunity in rounding up massive class action suits of Internet users whose 
privacy has been violated. What sorts of privacy abusers face legal action? Anyone who has 
“collected CPNI via some type of cookie,” according to Cleland.

“Right now, edge providers like Google, Facebook and Twitter are at risk of being sued by 
81trial lawyers,” he said.

Sounds great for consumers who care about privacy on the Internet and how it has been 
abused. But the FCC, Cleland was reminded, has never been a consumer advocate. “Bingo,” 
replied Cleland. That’s what makes the FCC’s potential move into privacy protection so 
important and so surprising, he suggests.

There are other signs that the FCC under Tom Wheeler might actually become more 
consumer-friendly on the issue of data privacy. While Wheeler has brought some former 
associates from lobbying groups to the FCC, he has also peppered his staff with respected



privacy advocates. Indeed, he named Gigi Sohn, longtime president of the non-profit Public 
Knowledge, as Counsellor to the Chairman in April.

Another appointee with a privacy background is Travis LeBlanc, head of the FCC’s 
Enforcement Bureau. In previous employment in California’s Office of the Attorney General, 
LeBlanc was active in enforcing online privacy. LeBlanc has stated an interest in privacy and has 
already taken action against two firms that exposed personal information—including social 
security numbers—on unprotected Internet servers.

But many aspects of LeBlanc’s approach to regulating Internet privacy under Title II remain 
unclear. Unfortunately, the FCC declined repeated requests to make LeBlanc available for an 
interview. (It also declined to answer written questions on its enforcement intentions in both 
privacy and cell tower infrastructure emissions.)

It remains to be seen if LeBlanc and his superiors at the FCC are really willing to take on 
privacy enforcement. Such a stance would require great courage as the entire Internet 
infrastructure is built around privacy abuse. It is also questionable whether the FCC would have 
the courage to challenge Google—a rare corporate ally in the battles over Net Neutrality.



Chapter Eight: Dependencies Power the Network of Corruption

As a captured agency, the FCC is a prime example of institutional corruption. Officials in 
such institutions do not need to receive envelopes bulging with cash. But even their most well- 
intentioned efforts are often overwhelmed by a system that favors powerful private influences, 
typically at the expense of public interest.

Where there is institutional corruption, there are often underlying dependencies that 
undermine the autonomy and integrity of that institution. Such is the case with the FCC and its 
broader network of institutional corruption.

As noted earlier, the FCC is a single node on a corrupt network that embraces Congress, 
congressional oversight committees and Washington social life. The network ties the public 
sector to the private through a frictionless revolving door—really no door at all.

Temptation is everywhere in Washington, where moneyed lobbyists and industry 
representatives throw the best parties and dinners. Money also allows industry to control other 
important factors, like the research agenda. All of this works together to industry’s advantage 
because—as with other instances of institutional corruption—there are compromising 
dependencies. Policy makers, political candidates and legislators, as well as scientific researchers 
are all compromised by their dependence on industry money.

Dependency #1 - So much of the trouble here comes back to the core issue of campaign 
finance. Cable, cellular and educational tech interests know where to target their funds for 
maximum policy impact. And the contributions work, seemingly buying the silence of key 
committee congressmen—even those with past records as progressives. Key recipients of 
industry dollars include Massachusetts Senator Ed Markey and, until he retired, California 
Democrat Henry Waxman. Though they have intermittently raised their voices on such issues as 
data privacy and cellular health and safety, neither has shown any great inclination to follow 
through and take up what would have to be a long and tough fight on these issues.

Dependency #2 - Democrats might be expected to challenge industry now and then. They 
traditionally have done so, after all. But this is the post-Citizens United era where the Supreme 
Court has turned government into a giant auction house.

Bid the highest price and you walk home with the prize—your personal congressman, 
legislative loophole, even an entire political party.

Such is the case with technology industries and the Democrats. The 
communications/electronics industry is the third largest industry group in both lobbying and
campaign contributions, according to the Center for Responsive Politics. In just 2013 and 2014,
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Only the finance/insurance/real estate and health industries outspend the tech sector on 
lobbying. But those industry groups lean Republican. Over 62% of the finance/insurance/real 
estate campaign contributions go to the GOP. Health contributions lean Republican 57% to 43%. 
But the technology group leans sharply to Democrats, who got 60% of contributions in the 2013
2014 election cycle. The two next largest industry groups—energy/natural resources and 
agribusiness—also lean heavily Republican. So of the top five industry groups whose money 
fuels and often tilts elections four are strongly Republican. The Democrats need the tech 
industry—and they show that dependence with consistent support, rarely raising such public 
interest issues as wireless health and safety and Internet privacy.

Dependency #3 - Spectrum auctions give the wireless industry a money-making aura. In 
recent Congressional testimony, an FCC official reminded legislators that the FCC has over the 
years been a budget-balancing revenue-making force. Indeed, the auctions of electromagnetic 
spectrum, used by all wireless communications companies to send their signals, have yielded 
nearly $100 billion in recent years. The most recent auction to wireless providers produced the 
unexpectedly high total of $43 billion. No matter that the sale of spectrum is contributing to a 
pea soup of electromagnetic “smog” whose health consequences are largely unknown. The 
government needs money and Congress shows its appreciation with consistently pro-wireless 
policies.

Dependency #4 - Science is often the catalyst for meaningful regulation. But what happens 
when scientists are dependent on industry for research funding? Under pressure from budget 
cutters and deregulators, government funding for research on RF health effects has dried up. The
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Numerous scientists have told me there’s simply no independent research funding in the U.S. 
They are left with a simple choice: work on industry-sponsored research or abandon the field.



Chapter Nine: A Modest Agenda for the FCC

Nobody is proposing that cell phones be banned. Nor does anyone propose the elimination of 
the Universal Service program or other radical reforms. But there are some steps—and most are 
modest—that the FCC can take now to right some of the wrongs that result from long years of 
inordinate industry access and influence:

1. Acknowledge that there may be health risks in wireless communications. Take down the 
dismissive language. Maturely and independently discuss the research and ongoing debate on the 
safety of this technology.

2. In recognition of this scientific uncertainty, adopt a precautionary view on use of wireless 
technology. Require prominent point-of-sale notices suggesting that users who want to reduce 
health risks can adopt a variety of measures, including headphones, more limited usage and 
storage away from at-risk body parts.

3. Back off the promotion of Wi-Fi. As Professor Lennart Hardell has noted, there are wired 
alternatives that do not expose children to wireless risk.

4. Petition Congress for the budgetary additions needed to expand testing of emissions on 
antenna sites. It was Congress after all that gave industry carte blanche for tower expansion so 
long as they comply with FCC standards. But there is evidence of vast non-compliance and 
Congress needs to ensure that tower infrastructure is operating within the law.

5. Acknowledge that children and pregnant women may be more vulnerable to the effects of 
RF emissions and require special protection.

6. Promote cable debundling as a way to lighten consumer cable bills, especially for those 
customers who don’t care about high-cost sports programming.

7. Apply more rigorous analysis to properly assess the value of technology in education. 
Evidence continues to pile up that technology in education is not as valuable as tech companies 
claim. Pay less attention to tech CEOs—pay more attention to the researchers who’ve actually 
studied the impact of trendy technology fixes on learning

8. Take over enforcement of personal privacy rights on the Internet. Of all the basic 
suggestions here, this would require the most courage as it would involve challenging many of 
the entrenched powers of the Internet.



Chapter Ten: Stray Thoughts

Some concluding thoughts:

Why do so many of the most dubious FCC policies involve technology?

In large part, of course, because the FCC has authority over communications and that is a 
sector that has been radically transformed—along with so many others—by technology.

Let’s be clear, though. The problem is not technology, which unarguably brings countless 
benefits to modern life. The problem is with the over-extension of claims for technology’s 
usefulness and the worshipful adulation of technology even where it has fearful consequences. 
Most fundamentally, the problem is the willingness in Washington—for reasons of both venality 
and naivete—to give technology a free pass.

Personally, I don’t believe that just because something can be done it should heedlessly be 
allowed. Murder, rape and Ponzi schemes are all doable—but subject to prohibition and 
regulation. Government regulators have the responsibility to examine the consequences of new 
technologies and act to at least contain some of the worst. Beyond legislators and regulators, 
public outrage and the courts can also play a role—but these can be muffled indefinitely by 
misinformation and bullying.

There are precedents for industries (belatedly perhaps) acting to offset the most onerous 
consequences of their products. In responding to a mix of litigation, public demand and 
regulatory requirement, the auto industry, for example, has in the last 50 years substantially 
improved the safety and environmental footprint of its products.

Padded instrument panels, seat belts, air bags, and crumple zones have all addressed safety 
issues. Environmental concerns have been addressed with tightened emissions and fuel 
consumption standards. The response to new safety challenges is ongoing. Before side air bags 
were widely deployed, sedan drivers side-swiped by much larger SUVs were at vastly 
disproportionate risk of death and dismemberment.86 But the deployment of side air bags has 
“substantially” reduced the risk of collision deaths. Overall, auto fatality rates per 100,000 
persons have dropped by nearly 60% in the U.S. since 1966. Today, automakers continue to 
work on advanced safety features like collision avoidance.

It can be argued that most of these safety improvements came decades after autos were in 
wide usage and only in response to outrage at Ralph Nader’s 1965 revelations on the auto 
industry. No matter the catalysts. The simple truth remains that the auto industry—and its 
regulators—have for the last half-century been addressing safety and environmental issues.



But with the overwhelming application of money and influence, information and 
communications technologies have almost totally escaped political scrutiny, regulatory control, 
and legal discipline.

Should the Internet have been allowed to develop into an ultra-efficient tool for lifting 
personal information that includes financial records, health histories and social security 
numbers? Should wireless communications be blindly promoted even as new clues keep 
suggesting there may be toxic effects? Should local zoning authorities and American citizens be 
stripped of the right to protect their own health? Should education be digitized and imposed just 
because technology companies want to develop a new market and lock in a younger customer 
base?

All these questions can perhaps be rolled up in one: do we all just play dead for the corporate 
lobbyists and spinners who promote the unexamined and unregulated application of their 
products?

Finally, a word about the structure of the FCC. With five commissioners—no more than 
three from the same party—the structure seems to make some kind of sense.

But in practice, it works out poorly. The identification of commissioners by party tends to 
bring out the worst in both Republicans and Democrats. Instead of examining issues with clear
sighted independence, the commissioners seem to retreat into the worst caricatures of their 
parties. The Republicans spout free market and deregulatory ideology that is most often a 
transparent cover for support of business interests. The Democrats seems satisfied if they can 
implement their pet spending programs—extension of broadband wireless to depressed urban 
and rural schools, cell phone subsidies for low income clients. The result is a Commission that 
fulminates about ideology and spends heavily to subsidize powerful interests.

Perhaps one solution would be to expand the Commission to seven by adding two public 
interest Commissioners. The public interest only rarely prevails at the FCC. So it would 
represent vast improvement if both Republican and Democrat commissioners had to vie for 
support of public interest representatives in order to forge a majority. The public interest, in other 
words, would sometimes carry the swing votes.

It’s very hard to believe, though, that Congress would ever approve such a plan. It simply 
represents too much of a threat to the entrenched political power of the two parties. Why would 
they ever agree to a plan that dilutes that power?

It’s also worth noting that the public interest is not always easy to define. Sometimes there 
are arguably conflicting definitions. Still, an FCC with public interest commissioners is an idea 
worth consideration. It would at least require party apologists to defend how they so consistently 
champion the moneyed interests that have purchased disproportionate access and power in 
Washington.



Appendix—Survey of Consumer Attitudes

What does the public believe about the science and politics of wireless health research? 
Under what conditions would people change wireless usage patterns? Is the FCC currently 
trusted to protect public health? How would confirmation of health risks affect trust in the FCC?

These are some of the questions Ann-Christin Posten90 and Norm Alster91 hoped to answer 
with an April 2015 online survey of 202 respondents. Participants were recruited through 
Amazon’s Mechanical Turk online platform. All were U.S. residents and had achieved 
qualifying approval rates in prior Mechanical Turk surveys.

Participants were asked how likely they believed the following statements to be true:

Statement 1. Prolonged and heavy cell phone use can have a variety of damaging effects 
on health.

Statement 2. Prolonged and heavy cell phone use triples the risk of brain tumors.

Statement 3. There is no scientific evidence that proves that wireless phone usage can 
lead to cancer or a variety of other problems.

Statement 4. Children and pregnant women are especially vulnerable to radiation from 
wireless phones, cell towers and Wi-Fi

Statement 5. Lobbying and campaign contributions have been key factors in keeping the 
government from acknowledging wireless hazards and adopting more stringent 
regulation.

Statement 6. The U.S. Congress forbids local communities from considering health 
concerns when deciding whether to issue zoning permits for wireless antennae.



Two findings seem especially interesting:

1. Statement 3 received a higher credibility rating than Statements 1 and 2. The different 
credibility levels are statistically significant. Respondents are more likely to trust in wireless 
safety than to believe there are general or specific health risks.

2. The only statement that is a matter of uncontested fact is Statement 6 on the outlawing of 
opposition to antenna sites on health grounds. (All other statements have been both proclaimed 
and denied.) And yet Statement 6 was least likely to be believed. Just 1.5% of respondents 
recognized this as an “absolutely true” statement. Over 14% thought this statement was “not true 
at all.” Answers to this question would seem to reflect public ignorance on the political 
background to wireless health issues.

Participants were also asked how they would change behavior if claims of wireless health 
risks were established as true:



1.49%
does not apply

If statement 1 was true,
I would start using headphones.

If statement 1 was true,
I would restrict the amount of time 

I spend on the phone.

If statement 1 was true,
I would start up a new land line 

account for home use.

If statement 1 was true,
I would restrict my children's cell phone use.



If statement 2 was true,
I would start using headphones.

If statement 2 was true,
I would restrict the amount of time 

I spend on the phone.

If statement 2 was true,
I would start up a new land line 

account for home use.

If statement 2 was true,
I would restrict my children's cell phone use.



The greatest impact on behavior came when respondents were asked to assume it is true that 
prolonged and heavy cell phone use triples the risk of brain tumors. More than half said they 
would “definitely” restrict the amount of time spent on the phone. Just over 43% would 
“definitely” restrict their children’s phone use. Perhaps most surprisingly, close to 25% would 
“definitely” start up a new landline phone account. (This last response suggests it may be 
foolishly premature for the phone giants to exit the landline business just yet.)

The inclination of consumers to change behavior should negative health effects be confirmed 
suggests the stakes are enormous for all companies that derive revenue from wireless usage.

This survey points to—but cannot answer—some critical questions: Do wireless companies 
better protect themselves legally by continuing to deny the validity of all troublesome research? 
Or should they instead be positioning themselves to maintain consumer trust? Perhaps there is 
greater financial wisdom in listening to the lawyers right now and denying all chance of harm. If 
so, however, why would anyone seriously concerned about health listen to the industry—or to its 
captured agency? That’s a question the FCC will eventually need to answer.

Trust could eventually become a central issue. Respondents were initially asked to describe 
their level of trust in the wireless industry and in the FCC as its regulator. Not surprisingly, 
establishment of any of the presumed health risks—or confirmation of inordinate industry 
pressure—resulted in statistically significant diminution of trust in both the industry and the 
FCC.



How trust in FCC would be affected by establishment of various facts
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On a scale of 1 to 100, the FCC had a mean baseline trust level of 45.66. But if the tripling of 
brain tumor risk is established as definitely true, that number falls all the way to 24.68. If 
“lobbying and campaign contributions” have been “key factors” in keeping the government from 
acknowledging wireless hazards, the trust level in the FCC plummets to 20.02. All results were 
statistically significant.

It’s clear that at this point confirmation of health dangers—or even of behind-the-scenes 
political pressures—from wireless will substantially diminish public trust in the FCC. Skeptics 
might argue that this gives the FCC motive to continue to downplay and dismiss further evidence 
of biological and human health effects. Those of a more optimistic bent might see in these 
findings reason to encourage an FCC concerned about public trust to shake itself loose from 
special interests.
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Firefighters, Paramedics & Parents 
Against Cell Towers in Our Neighborhoods

he Los Angeles Regional Interoperable Communications System 
(LA-RICS) is a JPA (Joint Powers Authority) created to establish an

integrated wireless voice and data communications system to serve law 
enforcement, fire service, and health service professionals County-wide. LA-RICS 
has 86 members, including 82 cities, the County of LA, UCLA, and the LA and 
Inglewood school districts. The County of Los Angeles provided start up funding 
of $10 million and acts as the administrative agency.

LA-RICS, with a Federal grant of $154.6 million, has 
contracted with Motorola Solutions to install the $280 
million system, which includes:

Approximately 230 new microwave radiation- 
producing cell towers, including 

+/- 86 at County fire and lifeguard facilities.

Motorola, in coordination with LA-RICS' third party 
environmental services consultant, was required to 
perform an RF emission safety study in advance of the 
planning and permitting process. This has not 
happened.

LA-RICS and its contractors are now in the process of 
installing hundreds of 50-70' cell towers at County fire 
stations and lifeguard facilities WITHOUT first:

@ Getting community input;

@ Informing people about health impacts on fire 
fighters and the families who live near the towers;

@ Securing approval of City Councils; or

® Even following LA County's own rules for new cell 
towers!

What the Experts Say 
About the Effects of 

Cell Phone Towers

• Chronic stress (stress proteins 
show in blood)

• Poor sleep and mental focus
• Headache, persistent fatigue
• Memory problems and 

disorientation
• Heart rhythm and cardiac 

problems
• Drop in immune function and 

hormones
• Long-term physical and mental 

stress
• Fertility and reproduction 

problems
• Nervous system disruption
• Increased cancer risk

Demand a Stop to Toxic Cell Towers!
To learn more on health effects, go to
www.bioinitiative.org

stop Construction now!

Stop Toxic Cell Towers (310) 639-1014 NoToxicCellTowers@gmail.com

www.StopCeliI’doneTowers.com

http://www.bioinitiative.org
mailto:NoToxicCellTowers@gmail.com

