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1 I. Q. Pleasc state your name and business address. 

2 A. Michael Semelka 

3 508 S. Church Street Mt. Pleasant. PA 15666 

4 

5 2. Q. What is your occupation? 

6 A. Family Physician 

7 

8 3. Q. Wherc arc you employed and what is your position? 

9 A. Excela Health. 1 am the family medicine residency director. 

10 

I I 4. Q. Plcase describe your educational background. 

12 A. Bachelors of science in Biology at the Pennsylvania State Univetsity, Doctor of 

13 Osteopathic Medicine at Philadclphia Co11eQe of osteopathic Medicine, Family 

14. Medicinc Residency at the Medical Center of Beavcr, PA, Fellowship in Faculty 

15 Developmenl •rt Duke University. 

16 

17 5. Q. Plcase bric0y describc your professional expericncc. 

18 A. 1 have practiced as a board cerliGcd ramily physician since 2003. 

19 

20 6. Q. Arc you McKenzic Jcnnings' Primary Care Physician'? 

21 A. Ycs. 

» 

23 7. Q. Arc you Susan Jennings' Primary Care Physician? 

24 A. Yes. 
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I adverse ronscyuences in rersons who are more susceplihle thereto? , 

:i 

2 A. Yes. 

3 

4 17. Q. • Relativc lo an infrequent e.xposurc lo a pollutant, would lhe maximizing of 

5 cxposure duralion lo 24-7-365-forever likely produce more adverse effect? 
1" 

() A. Yes. 

7 

8 18. Q. In your medical orinion, does McKenzie yualify for American.s with Disahilities 

9 Act (ADA) accommodations? 

10 A. Yes. 

Il 

12 19. Q. Is an individual reyuired lo prove hc has already lxen adversely afftv led heforc 

13 an accommodation lhrough ADA is granted? 

14 A. I do not believe so. 

t5 

16 20. Q. Mohile carriers classify non-ion'v.ing radialion, alsei ialled radiofrequern-y (RF) 

17 radiation, as a pollulanl. T-Mohilc's Insurancc Warranly Guidc definee rollution 

18 as, "...arlificially produced ionizing or non-ionizing radialion and or 

19 wastc." 

20 Source: httpsJ/www.phoneclaim.com/t-mobile/pdf/New-Ts-and- Cs.pdf 

21 Given lhis informalion, would you recommend that McKenric he, or nol he, 

22 cxposed lo T-Mohilc's RF radiation at home? 

23 A. I would recommend that he not be exposed to RF radiation 

24 
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2 31. Q. Do you consider radio frequcncy radiation a pollutanl? 

3 A. Possibly. 

4 32. Q. Can a pollutant or toxin a(lect the central ncrvous systcm? 

5 A. Yes. 

G 

7 33. Q. Docs this conclude your teslimony? 

8 A. Yes, although'I reserve the right to supplement niy direct testimony. 
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Abstract 

Background 

The effects of electromagnetic waves (EMWs) on hurnans and their relationship with various disorders 
have been investigated. We aimed to investigate the effects of exposure to diQ'erent frequencies of 
EMWs in various durations in a mouse epilepsy model induced by pentylenetettazole (PTZ). 

Material/Methods 

A total of I80 4-week-old male mice weighing 25-30 g were used in this study. Each experimental 
group consisted of 10 mice. They were exposed to 900, 700, 500, 300, and 100 MHz EMWs for 20 
hours, 12 hours and 2 hours. Following electromagnetic radiation exposure, 60 mg/kg of PTZ was 
injected intraperitoneally to all mice. Each control was also injected with PTZ without any exposure to 
EMW. The latency of initial seizttre and most severe seizure onset were compared with controls. 

Results 

The shortest initial seizure latency was noted in the 12-hour group, followed by the 700 MHz. The 
mean initial seizure latencies in the 2-hour EMW exposed group was significantly shorter compared to 
that in the 12- and 20-hour groups. There was no signiGcant difference between I 2- and 20-hour EMW 
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m~ exposed groups. There was a significant difference between control and 2- and 10-hour EMW exposed 
~ groups. No statistically significant differences were noted in mean latencies of the most severe seizure 

' latency, following 20-, 12-, and 2- hour EMW exposed groups and control groups. 

Conclusions 

Our findings suggest that acute exposure to EMW may facilitate epileptic seizures, which may be 
independent of EMW exposure time. This information might be important for patients with epilepsy. 
Further studies are needed. 

Keywords: epilepsy, pentylenetetrazole, mice, electromagnetic waves 

Background 

The effects ofelectromagnetic waves (EMWs) on humans and the relationship of EMSs with various 
disorders have been investigated [1]. As a result of advances in technology, people are constantly 
exposed to EMW. Altemating electric currents, computer screens, radio, television, cell phones, and 
radar devices are examples of sources of electromagnetic fields. AII of these EMW sources operate at 
different frequencies. Several studies have suggested serious negative effects of EMWs on health 
[2-4]. 

We aimed to investigate the elFects ofdifferent frequencies of EMWs at various dumtions on time of 
seizure onset (seizure latency) and the most severe seizure latency in a mouse model of epilepsy 
induced by pentylenetetrazole (PTZ) and to compare these results with controls. 

Material and Methods 

Study groups 

The study was approved by our local Animal Ethics Committee. It was conducted on 180 4-week-old 
male albino mice weighing 25-30 g. Experiments were started atier 10 A.M. Animals were kept at 
24t1°C in a 12-12 hour light-dark cycle and were provided with water and food before and during the 
study. 

Six experimental groups were established, including controls. Each group consisted of 10 mice. They 
were exposed to 900, 700, 500, 300 and 100 MHz EMW for 20, 12, and 2 hours. Following the 
exposure, 60 mg/kg of PTZ was injected intraperitoneally (IP) into all mice. PTZ was injected into the 
controls alier the sarne periods without exposure to EMWs. All mice were then monitored and seizures 
were scored. Time to the first myoclonic jerk was recorded as initial seizure latency. Seizure severity 
was scored on a scale from 0 to 6. 

Generation of EMWs 

An antenna was used to genemte EMWs. The antenna intercepts the EMWs and converts them into 
electrical currents. A 0.5-mm diameter transmitter dipole antenna with electromagnetic Celd 
frequencies of 900, 700, 500, 300, 100 MHz was fabricated for use in this experimental smdy [5]. 
Electromagnetic wave frequency was measured by a spectrum analyzer and frequency meter before the 
dipole antenna generated electromagnetic waves. 

EXHIBIT A 
Administration of pentylenetetrazole (PTZ) 
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PTZ is a convulsant drug used in experimental epileptic seizure models, which causes convulsions 
similar to absence and myoclonic type seizures in humans when administered subcutaneously, 
intravenously, or inttaperitoneally in mice and rats [G]. PTZ acts by binding to the GABA- 
Afbenzodiazepine receptor complex and blocks the GABA-gated chloride channels. Drugs effective 
against PTZ model exen their anticonvulsant effects through their effects on T-type Ca+2  currents and 
GABA-A [7]. In this study, PTZ was administered at a dose of 60 mg/kg 1P in mice. 

Evaluation of seizures 

After 20-hours, 12-hours and 2-hours groups of mice were exposed to 900, 700, 500, 300, and 100 
MHz electromagnetic wave fields respectively, 60 mg/kg of PTZ was injected intraperitoneally. The 
control groups were also injected with 60 mg/kg of PTZ. AII mice were monitored for 20 minutes. The 
seizure score was recorded according to the following scale; 0: No response, 1: Ear and facial 
twitching, 2. Mild myoclonicjerks of the limbs, 3: Severe myoclonic jerks of the limbs and rearing, 4: 
Forelimb convulsions, 5: Increase in general muscle tone in combination with rearing and falls, and 6: 
Status epilepticus and death [8]. 

Time to onset of initial myoclonic jerk was defined as first seizure onset latency. Mice were kept in a 
bell glass for 20 minutes following PTZ injection and the highest score (most severe seinue onset 
latency) was recorded [9]. 

Statistical analysis 

SPSS 13.0 for Windows software was used for analysis. Groups were compared using one-way 
ANOVA, Kruskal Wallis test and chi-square tests. 

Results 

The shortest inilial seizure latency was noted at 500 MHz (p<0.05) and the longest at 300 MHz 
(p<0.05) in the 2-hour group. The shortest initial seizttre latency was noted at 700 MHz (p<0,05) and 
the longest in the control group, followed by 100 MHz (p<0.05) in the 12-hour group. The shortest 
initial seizure latency was noted at 300 MHz (p<0.05) and the longest in the 500 MHz (p<0.05) in the 
20-hour group. 

The shortest initial seizure latency was noted in the 12-hour group, followed by 700 MHz and the 
longest in the 20-hour group, followed by the 500 MHz. Mean initial seizure latencies of EMW- 
exposed groups were; 2 hour-group: 18.5 s, 12-hour group: 22.3 s, and 20-hour group: 27.2 s. The 
mean initial seizure latencies of the 2-hour EMW exposed group was significantly shoner compared to 
that in the 12- and 20-hour groups (p<0.05). There was no significant difference between 12- and 20- 

hour EMW exposed groups (p>0.05). There was a signi6cant difference between the control group and 
the 2- and 10-hour EMW exposed groups, and no signiGcanl difference between controls and the 12- 
houi EMW exposed group (Table 1). No statistically significant difference was noted in the mean 
latencies of the most severe seinue latency following 20-, 12-, 2-hour groups and the control groups ( 
Table 2). 

EXHIBIT A 
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Table 1 

Comparison of the initial seiznue latencies (sec) without EMW exposure and with 900, 700, 
500, 300, 100 MHz EMW exposure in the 2, 12 and 20-hours experimental groups and controls. 

Qpen iri a separate window 

fhe shoncst and the longest latencies. 

l 

     

1 

Table 2 

Comparison of the latency of the.most severe seizure (sec) following 900, 700, 500, 300, 100 
MHz EMW exposure in the 2, 12,20 hours experimental groups and controls. 

Qpen in a separate window 

Discussion 

There are several published studies on the e(Tect of EM Ws on tamors [14,1 I], but there has not yet 
been a detailed study on EMWs and epilepsy. We investigated different frequencies of EMW on 

seizures in this comparative experimental epilepsy model. Five different frequencies (100, 300, 500, 

700, 900 MHz) of EMWs were applied for 3 different time periods (2, 12, and 20 hours). 

The shortest initial latency was observed in the 12-hour group, followed by the.700 MHz in our study. 
Tattersall et al. found excitability changes in rat hippocampal tissue exposed to 700 MHz 

radiofrequency without heating effect [j2]. Our finding is compatible with results of that study. 

EM Ws are known to have a heating effect, which is more prominent at higher frequencies [ 13]. 
Previous studies have reported that radiofrequency leads to an increase in body core temperature [14]. 
11 has been shown that energy absorption occurs via radiofrequency waves in larget organs, the 
hypothalamic thermoregulatory center, and peripheral regions. Adair et al. used 450 MHz and 245O 

MHz magnetic waves applied in humans, and found an increase in skin tempemture [ I S). Chou et al., 

exposed rats to 2450 MHz microwaves, and found that tail regions of the rats absorbed more energy 

than the head or other body regions, nnd that specific absorption rates (SAR) were higher in the 
anterior hypothalamus compared to other brain regions [ I6]. The role of the tail and anterior 

hypothalamus in the temperature regulation system should be considered during interpretation of these 

results. In our study, no speciGc body region was chosen as the target region. Whole body application 
of EMWs can eliminate the misinterpretation caused by regional applications. Carratala and Moya used 

microwaves as an indicator of febrile seizures in neonatal mice and concluded that they had no hannful 

effects 1  17]. Body temperature was not measured in the current study. Different effects of EM W 

exposure on seintre latency might be attributed to blood-brain barrier (BBB) damage caused by heating 

effect of EMWs, but this efTect was reported in studies using gigahenz-levels of EMWs [I R,IQl.  We 

did not perform any histological examinalion of BBB damage. 
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There have been some electroencephalography (EEG) studies of EMW exposure [20,21 ]. For example, 

awake and healthy individuals were exposed to 900 MHz EMW and no significant EEG changes were 
noted 1211. Hietanen et al. used 5 different models of cell phones and did not find any signi6cant 

changes in resting EEG, but noted some EEG changes during memory tests [221.  Vorobyov et al. 
compared the effect of scopolamine in the electroencephalogram of rats and found that repeated low- 
level exposure to extremely low frequency microwaves can alter activity of the cho►inergic system in 
lhe brain [23i. In our study we did not perform EEG recording. 

Some studies have investigated the effects of EMWs on nervous system tissue. Carballo-Quintas et al. 

found c-fos and glial markers were increased by the combined stress of non-thermal inadiation and the 
toxic eII'ect of picrotoxin on cerebral tissues exposed to 900 MHz [241.  ln study of Lopez-Martin et al., 
900 MHz GSM radiation stimulated c-fos expression in different areas of the limbic system and 

triggered a marked increase in neuronal excitability in seizure-prone rats [4]. Ammari et al. showed 
that sub-chronic exposures to a 900 MHz EMF signal for 2 months could adversely affect rat brains 
(indicating potential gliosis) [25]. Also, adverse effects of free radicals on myocardium have been 

shown previously [1.  Tissue investigation was not performed in our study. 

Servantie et al. investigated the effects of 5f I inW/cm2  EMW on PTZ-induced seizure latency in mice. 

Chronic EMW exposure of different durations were tested, and the mosl significant shortening in 

latency was noted at day 27 [27]. Although the shortest latencies were recorded in the 2-hour group in 

our study, obvious short latencies were also recorded in the 12- and 20-hour groups. These results 

suggest that the duration of EMW exposure is not lhe only factor affecting the occurrence of epileptic 

seizures. 

Previous studies have shown a trigger effect of EMWs on seizure activiry [4,7]. Our results also 

showed a trigger e(T'ect of EMWs on seizures by shortening initial seizure latency. However, there was 

no significant effect on mosl severe seizure latencies. This suggests that EMWs affect only seizure 
threshold, without any effect on seizure severiry. 

Canseven et al. did not find any effect of 50 Hz EMWs on PTZ-induced epileptic seizures [2ß].  Among 

our study groups, lhe shortest initial seizure latency was 9.5f 12.9 seconds in the 700 MHz group at 12 

hours exposure. Higher frequencies of EMW were used in our study and we found to have signiGcant 

effects on initial latency of epileptic seizures. This result may indicate a relationship between the 

seizure threshold and higher frequencies of EMWs. 

Conclusions 

Our findings suggest that acute exposure to EMWs may facilitate occurrence of epileptic seizures and 

that this could be independent of EMW exposure time. This information might be important for 

patients with epilepsy. Further studies are needed to evaluate the acute eII'ects of EMW exposure 

generated by cell phones and other electromagnetic devices used in everyday modem daity life. 
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Summary. This study focuses on discriminalion of changex, produced by low-level microwave exposure In 
intcnxity nnd Gme vadability of thc human EEG at rest. The power spectrnl density (PSD) method and nonlinear 
acaling analysis of the length di.Bibulion of low v:uiability periods (LDLVp) were .elected for analysis of [he 
EEG signal. Duling the uudy, 19 healthy volunteers were exposed lo a microwave (450 MHz) of 217 Hz frequency 
on-o(f modulation. The field power density at the scalp was 0.16 mW/cmz. The experimenlal protocol conzisted of 
ten cycles of repetitive micmwave ex posure. Signals from frontal, temporal, parietal and occi pital EEG channels on 
EEG thela, alpha and beta rhythms were analysed. Exposure to microwave causes average increase of EEG activity. 
LDLVP analysix discriminated xigniflcant elTect in time variability for 2 subjects (I I%). PSD method detected 
.ignificant changes in inlensity for 4 subjects ((((➢((( The effect of low-level microwave exposurc is stmnger on 
EEG beta rhytbm in tempoml and parictal regions of the human bmin. 

&vM•ords: EMF effecls, nonionising radizlfon.microwave rediation. Gme variability, scaling analysis.-spectral 
analysis. EEG rhythms 

1. Inlruducllon 

Slarting with Ihe new em of portnblc Ielecommunica- 
Lion solutions, artificial electromagnetic fields present 
slrongcr rndiation than the fields crealed hy nalural 
xources. For rnost of the lime, pcople may nol be 
aware of such rediation, so they solely rely on safety 
slandards. 

Modulaled microwave mdiation at non-thermal 
level of field power density can afiecl human central 
nervous xystem in a scnsiblc way (D'Andrea et al., 

'Addrcss for cmresp`mdcnce: Biomedical Enginccring Ccnue, 
Tollinn Univcniiy or Technolopy 5 Ehiwjutc Rd, 190A6 Tullinn, 
F.suonia. E-mait: maieH ch.llu.cc 

2003; Salford e! al., 21103). Excepl in unheallhy ani- 
ficial conditions. Ihe etiect of electromagne6c held is 
wctk and difftcull-to-detect. Wilh carefully planned 
measurement technique and reconling protoeol, thc 
mcasurement of the bioelectrical acfivily of the bmin 
haz been proven to be one of the most succexsful onex 
and selecled as our primary data source. Thc mea- 
surement and data analysis musl take Into 8ccount' 
thc nomul Ouctualions of EEG signal and prexcnce of 
other complicate detectahle facton. Thus, quantil•rtive 
mcasurcs should be carried out to estimate Lhc overall 
eBecl. 

During recent years, non-themtal effect of low- 
level electromagne6c field on human nen•ou..y.lem 
has become a subject of discussionx. The rcpurts of 
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possible non-themul effects am often contmdictory. 
Seveml investigators have reported that low-levcl ex- 
pasure produces alteralions in the EEG signal and hmin 
hehavior (Bawin er al., 1973: Vorobyov er al., 1997; 
Mann el al., 1996; Wagncr er al., 1998; Huber et aL, 
2(H)o; Lass er rd., 2002; Hinrikus er al., 2004). Thc 
cqnclusion reponed by Ihe other researchers is thal 
lhe exposure lo clectromagnetic held does nol aller 
thc resting EEG (Hictanen et al.- 2000; Krause er rd., 
2000; Krause er al., 2000). Mechanisms hehind the 
ePrects are still unclearand Ihe quesuon ahoul the ex- 
istence of any fcatiible efiect of a low-level mdiation 

oh hrain bioelectric actlvity has hcen teft open. 
In our prcvious studies the rela0ve changes in the 

EEG rhythms energy, mainly in theta and alpha bands. 
were invesligated and effect, produced by microwave 
caposure, reported (Hinrikus er al., 2004). Modula- 
tion of micmwave al 7 Hz frequency, which belongs lo 
lhe band of physiological frequencies of the bmin, was 
applicd. However- thosc results did not prcsenl slalisti- 
cally i mportanl changes. Likewise, the powerspectrum 
analysis could not diffcrenfiatc sham recordings from 
recordings under the in0uence of microwave slimula- 
tion al 7 Hz on-olT modulafion. Howevcr, nonlincar 
sealing analysis of the length dislribuUon of low vari- 
ability periods (LDLVP) detected signi0cant effcct of 
cxposure to the EEG signal for about 25%, of suhjects 
(Bachmann er al., 2005). Increase in EEG vadability, 
caused by microwave exposure, was reported. 

The analyzed frcquencies are lower. than modula- 
tion and putse frequencies in technical systerat. There- 
forc, here w•e study Ihc physiological effectof Ihe mod- 
ulalion frequency 217 Hz. To Ihis end. we comparo 
lhe EEG signals recorded al Ihe presence of a mod- 
ulated low-Icvel microwave held, wilh sham xignals. 
217 Hz is the GSM signal's pulse frequcncy and the 
populalion ix mosl widely exposed Io microwave mod- 
❑lated al lhat frequcncy. The mechxnisms of low-Icvel 
microwave interaction with biological tissues are not 
elear. Therefore, it is not possible to predict Ihe char- 
aclerof changes in brain bioelectrical activily, caused 
by microwave exposure. The effecl could be related to 
stimulalion or depression of 1he brain aclivity, which 

Icads to changes in intensity of the EEG signal. The 
Effect could he related to changes on neumns spik- 

ing frequency or processes in synapses, which Icads 
tu changes in time vadabilily of the EEG signal. Ex- 

perimenlal efTects thal depend on low frequency mod- 
tulation uf microwave radiation can also he related to 
more complicated nonlinear responses in biological  

fissuc and living cells (Balzano er al.. 2003). There- 
fore, two dillerent methods for analysis of the EEG 

signals wcre used in this study: thc hrsl for discrimi- 
nalion of changes in intcnsity, and lhe sccond for dis- 

crimination of chxnges in time variability of the EEG 
signals. 

The inlensity of Ihe EEG signal is most complctely 

described by power spectrum of lhe EEG signal. Thc 
powcr spectml density melhod, a widely used melhod 

in quanlitafive EEG, was selccled for intensity ana lysis 
of thc EEG signats. The powcrs of EEG theta. alphs 
and betx rhythms hands were analyzed. 

Thc LDLVP analysis providcs a simple route to de- 
tecting Ihe multifractal chameteristles of a time-series 
and yields somewhat beltcr temporal resolution Ihan 
Ihe lmditional multifmclal analysis. Thus, it can he 
expected thal this method is sensitive wilh respect to 
sm:dl "hidden" changes in such a complicated physi- 
otogical signal as EEG. The LDLVP method was se- 
Icctcd for bme vmiability analysis of the EEG signals. 

The hypolhesis, cvaluated in this sludy, is thxt mod- 
ulaled at 2t7 Hz microwave exposure increases vari- 
ability of the EEG signal and causes changes in lhe 
powcr spectmm of the human EEG. 

2. Method and equlpment 

2.1. Suhjeet.a 

An experimenlal sludy was canied oul on a group of 
voluntecn. The group consisted of 19 healthy. young 
people (aged 21-24): 8 male and I I female. Their 
phyxical and mental condilion (liredness, slecpiness) 
bcfore the cxperiment was evaluated by a question- 
naire and a clinical interview. After the recordings. 
they descrihed how they fclt during the experimcnt. 
Thc suhjecls reported neither alertness nor any strain 
experienced during the rccordings. 

The cxpedmenls were conducted wilh the nnder- 
standing and wri Oen consem of each subject. The swdy 
was conducted in accordunce with the Declaniion of 
Hclsinki and has fonnally approvcd by the local Med- 
ical Research Ethics Committee. 

The measuremcnts were perforrned in a dark labo-
ramry. hut no other special conditions were provided. 

The suhjects lay in a relaxed position, with eyes closed 
and cars blocked during thc cxpcrimentx. 

AII the subjects were exposed and sham exposcd. 
Only one experimental EEG recmding was performed 

for a subject during a day. Thc measurements were 
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double blinded. During each test session, the cxpouu.d 
and sham-exposed subjecis were randomly assigned. 
Thc subjccl.s wcrc not informed of their exposure: 
however, they were aware of the possibility of bcing 
exposed. Subjecfive factors were also excluded from 
Ihe compuler-performed dala analysis: the same algo-
rilhms were applicd for all the recordings (both for 
expoxed and sham-exposed subjects). 

2.2. Micmwm•e erpasurc 

The modulated microwave mdiafion at non-thertnal 
Icvcl of field power density, identical to our previous 
sludies, excepl modulation frequency (LASS er al.- 
2002), was used. Microwave exposum condiGons werc 
the same for all subjecl.s. The 450 MHz miclowave m- 
diation wxs 100'9o amplitude modulaled al 217 Hx fre- 
quency (duty cycle 50'!H). The I W EMF oulput power 
was guided by a coaxial lead to the 13 cm quarter- 
rhythm antenna, Iocaled 10 cm from the subject's skin 
on the left side of the head. 

Esfimaled Geld power dcnsily at the skin was 
0.16 mW/cm2. The level of power density wns so low 
lhat thermal cffect.s were extremely unlikely. 

2.3. Recm'ding pramcol,s and eguipmenr 

The study consisled of lwo experimcnlal prolocols. 
identlcal for all subjecis. The hrsl protocol was 
recorded as described helow. 

First. Ihe reference EEG was recorded over 60 
z. Secondly. modulated microwavc mdialion was ap- 
plied. The duralion of lhe exposurc was 60 s, and the 
compensatory pause after Iheexposure wa.s 60 s. Con- 
tinuous EEG rccordings wcre rtudc during and 60 s af- 
ler exposure. The procedure of the cycle was repealcd 
tcn limcs. The mfcrowave exposure was switched on 
every hrsl 60 s of Ihe cycle. During ten cycles of mi- 
crowave expusure. lhe modulalion frequency always 
remained al 217 Hz. 

The recording pmtocol for one subject lasted for 
21 min, during which Ihe EEG was conlinuously 
recortled. 

The second protocol for Ihe sham-exposurc in- 
cluded the same steps, except lhal the microwave gen- 
erator was swilched olT. 

The Cadwell Easy II EEG mcasurcmenl equip- 
menl wa.c used for the EEG reconlings. The EEG 
was recorded by means of 19 electrodes, placed on 
the subjecCs head according 10 lhe inlemational 10-  

20-electrode position classihcation system, with Cz as 
reference. The rccorded EEG signals were examined 
by an ex pedenced neurologisl. Arti facLi were detected 
by visual inxpcction. Thc rcconlings conlaining mul- 
liple artifacls were removed, and Ihe whole recording 
wa5 repeated. 

For the analysis- EEG speclrum 0.5—f0 Hz was se- 
lected, as lhe results of the preceding validation of lhe 
set-up conhrrned lhe absenee of modululion compo-
nenl.s, caused by pamsitic interference betwecn EE.G 
and radio I'rcquency equipmenl. 

2.4. Selec•rianafsignals 

Recordings from the following channels were selected 
for fsnther poweranalysis: fronlal: FP I, FP2; lempornl: 
T3. T4; parietal: P3. P4:occipilal:01.02. Forscaling 
analysis, only channels FPI and FP2 wcre used, aa for- 
merly shown, the resull.a from differenl EEG channels 
did not differ (Bachmann et al., 2005). 

lnilially. atl Ihe EEG recordings were divided inlo 
two sub-signals. The recordings performed wilh thc 
Ornt rccording prolocol were divided as I'ollows: lhe 
nrst subsignal conlaincd all I min pcriods without mi- 
crowave cxposure (all the odd minules from the inilial 
EEG recording); the sccond subsignal contained all 
minulcs with microwave exposure (all even minulcs 
of the initial EEG recording). 

The recordings performed with lhe second record- 
ing protocol (sham) were divided similarly: Ihe hlst 
sham subslgnal contained all lhe odd minutes: the sec- 
ond sham suhsignal conWined all Ihe even minutes of 
Ihe initial recording. 

2.5. Scaling mtalv.ri.s af the EEG .signal hased 
nn ncc LDLVP melhod 

The LDLV P method has heen used and descri bcd in dc- 
lails in our previous studies (Kalda er al.. 2001: Sukki 
er al., 2IX)4; Bachmann et a(., 2005). The analysis con- 
sisls of scvcmi slcps. 

Firsl, wc dcfine Ihc local variahilily a.s the deviatton 
of lhe current valuc of the signal from thc local avemge. 
The lime-window width T. lor the local aver.rge, is a 
free (adjuslable) pammeter. For EEG signals- a reason- 
able value is provided by T= 60 ms, cf (Bachmann 
et rd., 2005). 

Secondly, low-variability periods are defined as 
continuous intcrvals whcre local variabiliry is smaller 
Ihan do. The valuc of bu  was adjustcd for each record-
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ing individually, reaching a minimum value so that, 
for hoth suhsignals, the length of the longcst low- 
variability petiod was at least 3750 ms. 

Finally, the number of low-variability pedods N 
excecding length To is plotted againstlength Tu. 

The wcighted area of the funclion To = To(N) was 
selected as Ihe non-lincar quan[italive measure. 

2.6. Power spectral Aensiry analrsis 

Thc powcr spectml density (PSD) was estimatcd by 
means of Welch's avcraged pedodogram method. The 
suhsignals were divided into overlapping sections 
(50%), with a Icngth of 2048 points, and windowed 
by a Hanning window. 

Afterwards.lhe power Wm„r  was computed foreach 
subjecl (indexed by n e[ 1. 19J), subsignal (indexed by 
m= I, 2) und frequency band (f =B for thcla band 
[4--8 Hz), f= a for alpha band [8-13 Hz) and f=(! 
for bela hand I13-40 Hz) ). as the area under lhe zpcc- 
trum for the corresponding frequcncy band (integral of 
lhc band). 

To.locate the possible in0uences of microwave ex- 
posure, difference oftwo sub-signals was selected as 

the PSD measure for further annlysis. 
The same pmcedure was repeated with sham sub- 

signals, resulting in spectral pnwers Wmnr. 

2.7. Smlislica( ana!vsis 

For sham recordings, subsignals were complctcly 
equivalent. According to Ihe "zero hypothesis", Ihe 
EEG recordings of subjects undcr microwave expo- 
sure cannot be distinguishcd from sham signals. Con- 
sequendy, if Ihc xcro hypothesis is true, the ratio of thc 
computed powcr difference m the standard deviation 
oflhedifTcrencesisan f-distributedmndomquanfity 
and it can bc used as a quanlitalive measurc, showing 
how well thc zero hypothesis is satlshcd: respective 
p-values are obtained by means of Ihe cumulalive f- 
distribution. 

The same lechniquc has bccn applied to lhe non- 
linearquantitative measure (derived from LDLVP), re- 

.sulting in anothcr scrics of p-values. 

3. Resull.s 

The results of LDLVP analysis for a subject are pre-
sented in Fig. I. The numher of low-variabilily pe-  

F'gnre 1. The numherof 1ow.varixbitity pedarla N excecding the 
tength To fur a signffreunt subjwl: Line I—secund auh-signal of 
cxpuseal rccurding (inlcrvuls uilh micruwuve); linc 2—lirel sub 
signul of cxpnscd rwording (intcrvnls withuut microwuvc)_ 

tiods N excecding the length To is plolled vcrxus the 
length To for the firsl and second sub-signal forexposed 
recording. As can be seen, microwave exposure low- 
ers the curve at the right-hand part of the gmph (large 
valucs of To). Such a change in curvc indicatcs that 
microwave exposure increases variabiliry of the EEG 
signal: owing to higher valiability there are fcwer long 
low variability periods. 

Figure 2 presents lhe average values ot' calcu- 

lated relalive chxnges in PSD measures for dilYer- 
ent frequency bands, for exposed and sham record- 
ings. W hile in sham recordings the power in Iheta fre- 
quency hand increa.ses- the power decreases for alpha 
and bcla frequencies. Avemge valucs of Ihe measurc 

formicrowave-exposed reconiing.c arealways posilive- 
therefore, the power of all frequency bands is inereas- 
ing during micmwavc stimulation. 

SWtistical analysis of the PSD and LDLVP quan- 
lilative measures for microwave-exposed and sham 
recordings, were calculated foreach subject. The ratio 
nf the computed power differcnce to the standard de- 
viation of dilTerences of more than three, and p values 
not larger than 0.001 wcn: considcred as signiflcant 
deviations from the zem hypothesis. 

The analysis based on the PSD mca.sures resulled 
in the mtio of the compuled power difference to the 

r 
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bepuency band 

FlNurr 1- Calculzl-d rclativc chzngca in intcnsity betwccn exposcd and nnn-cxpnscd scgmenls of thc EEG signaL on muin EEG rhythms. 
Vcrlical hurs dcnuic 0.95 confidencc inlcrvuls. 

standard deviation of di(ferences (calculaled on the ba- 
sis of sham signals) being higher than thlee for 12 cases 
in the case of microwave exposure. For sham record- 
ings. 2 cases were xignificanL The analysis based on 
the LDLVP mea.sures for exposed recordings resulled 
in lhe rratio of the compdted power difference to the 
standard deviation of differences exceeding the value 
of three for 2 subjecLss and for na subjects in case of 
the sham recordings. 

AII of the resull.s. excepl for two cases in front•rl 
region (PSD mcasures), remnin significant even af- 

ter application of lhe modified Bonfermni correclion. 
The numbcr of subjecls having significanl resulLc af- 
ter Bonfetroni cortection for microwave exposed and 
sham recordings are presented in Table 1. As for 
PSD measures- Ihere was no significant rexult for 
thela and alpha frcquency band, only beln bxnd is 

presenled. 

Tnhfe I. Numhcr nf auAjxts with slgni6cavt tesubs after Bun- 
fcmni cotrœiion In the case of micnreus'c cxposed and sham 
ncurdings 

Mcthod 
Frequcnc)• 
band 

Channcl FPI/FP2 FYI FP2 T3 T4 P3 P1 OI O2 

Fapuxcd - 0 0 7 4 2 I 0 u 
Sham 0 0 0 I I 0 0 0 0  

4. Discu.sslon 

LDLV P measures resulted in significam results for two 
subjecLe in tbe case of microwave cxposure and for 
none of lhe subjecLt in the case of sham recordings 
(Table I). Accordingly, significant effecl of exposure 
to lhe EEG signal was detected for about I 1% of sub- 
jecLs. However, •(or one subject under the exposure. 
lhe computed LDLVP weighted area decreased and 
for other, it increased. For both subjects, the departure 
from the sham behavior is statistically reliable. This is 
somewhat dilferent from whal has been observed for 
thc modulalion frequency 7 Hz- whcn the sign of lhe 
departure wax always negafive (corresponding lo in- 

creased varizbility) (Bachmann et al., 2005). This ob- 
xervation gives ux a hint Ihat the physiological effect ot' 
the microwave stimulatlon depends on the modulation 
frequency (at Icast there is a difference betwcen the 
7 Hz and 217 Hz frequcncies). 

The PSD measures exceeded the limi t of signiticant 
deviation from zero hypothesis only in beW fmquency 
band (Table I). !n tcmporal region, the PSD mcasure.c 
provided the mosl results: 3-4 cases out of 19, ^-16— 
2190. The in0ucnce was somewhat smaller in parietal 
region: 1-2 cases oul of 19, ^-5—I 195. The 1'ronwl rc- 
gion did not present significant changes a0er Bonfer- 
roni correcBon, while occipital region did nol present 
any signiftcant change. 

As for sham recordings. the PSD measure resulted 
in significnnt results forone subject in channel T3 and 

LDLVP PSD 

full EEG hcm 
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in T4. However, those w'ere very close to the limit of 

signihcance —0.05—and thcrefore, can hc arguably 
cxplained wilh thc slafislical variability. 

L.ooking at the nverage values calculated for sham 

recordings (Fig. 2), one can sce that lhc results are 

in u good xgreement with the hndings of Mallez er 

aL. 2004. They showed thal atpha and bela power dc- 

creased towards the end of recording session during 

resling conditions. while dclta and theln power showed 
u systematlc increaxe. Excepl for della power, which 

w'as noI under investigaGon, our resulLs showed the 

same trend. 

Howcver. average values for microwave-expotied 

recordings reveal an increase ofpower for all frequcncy 

bands. For theta frequency band Ihe Jevel is almost Ihe 

samc as for sham recordings. refcrring probably to the 

notmal time course and valiahility of power. At the 

samc time. the averdge values for alpha and betn band 

are opposilc fmm sham, implying lo the in0uence of 

microwave stimulaGon by incrcase of power. 

The analysis by thc LDLVP and PSD methods de- 

tecled thc effect of exposure for about I I and 21% 
of subjects rexpectivcly. For instance, the mte of mul- 

tiple chemical sensitivity (MCS) occurrence is es0- 

matcd to be between 2 and 10%n in the gencral popu- 

lation (Cullen, 1987). MCS is characterized by recur- 

rcnt symptoms fnvolving multiple organ syslcros and 

occurring in response to demonslr4ble exposures to 

mulHple chcmically unrelated compounds at doses far 

helow Ihosc eslablished to cause harmful etTecLs. Tak- 

ing this inlo consideration, low-level microwave ex- 

posure in0uences even highcr pau of population lhan 
multiple chetnlcally unrelated cumpounds. 

Concluslon 

1. Modulated al 2J7 Hz )ow-level 450 MHz mi- 

crowave exposure produced slalistically signih- 

cant changes in time variahility and intensity of 

Ihc EEG signal for I 0-20% of heallhy suhjecLs. 

2. The effect of low-level 450 MHz microwave ex- 

posure is slrongeron EEG beta rhythm in tempo-

ml and pariclai regions of thc human brain. 

3. Exposure to modulated at 217 Hz low-level 450 

MHz microwave causes average increase in EEG 

aetivlly. 

The mechanism of these changes is nol clear and the 

efiect needsfurtherinvesligation. 
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Abstract 
This study focuses on the effect of low level microwave radiation on human EEG 
alpha and theta rhythms. During the experiment, 20 healthy volunteers were 

exposed to a 450 MHz microwaves with 7 Hz on-off modulation. The field power 
density at the scalp was 0.16 mW/cm2. Signals from the following EEG channels 
were used: FP1, FP2, P3, P4, T3, T4, O1, and O2. The experimental protocol 
consisted of one cycle of short term photic and ten cycles of the repetitive 
microwave stimulation. The changes caused by photic as well as microwave 

stimulation were more regular on the alpha rhythm. In the majority of cases, 
photic stimulation caused changes in the EEG energy level in the occipital and 
microwave stimulation in the frontal region. Our experimental results 

demonstrated that microwave stimulation effects became apparent, starting from 

the third stimulation cycle. Changes varied strongly from subject to subject. 

Therefore, •photic and microwave exposure did not cause statistically significant 

changes in the EEG activity level for the whole group. For some subjects, clear 

tendencies of changes in microwave on-off cycles were noticeable. 

PMID:15300729 DO1:10.1002/bem.20010 
~ [Indexed for MEDLINE] 
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Alterations in Human EEG Activity Caused by 
Extremely Low Frequency Electromagnetic Fields 

D. Cvetkovic, E. Jovanov, Senior , Member, and 1. Cosic, Senior Member 

Abstracl—T6is smdy has im'esBgated whether extremell' 
low frequeucy (F.LF) electrnmagnetic ficlds (EMFs) can alter 
human hrain actisih'. Irnearly polarised magnedc flux density 
of 20µT (rms) was generaled using a standard duuble 
Helmholre cnils and appGed to the human head os'er a sequence 
of 1 minute stimuladons followed by one minute without 
stimulatinn in the following urder uf frequenries 50, 16.66, 13, 
10, 8.33 and 411z We tnllected recordings on 33 human 
culunteers under doublobGnd counter-balanced conditiuns. 
F.aeh sttmulatton lasted for two minutes followed by one minutc 
pust-slimulatfon EE6 recording. Tbe same procedure was 
repeated fur tbe EMF coutrol sessions, ehere the order of 
control and exposore sessions was determined randnmly 
aecording to Ihe subject's IH numher. The rest period betwecn 
twu cunditions (exposure and coatrol) was 30 minutes. The 
results indicate that therr was a significant increase in Alphal, 
Alpha2, and Betal at the frontal brain region, and a significant 
decrcase in Alpha2 band in parietal and ocdpital reg;on due to 
F.MF exposure. 

1. INTRODUCTION 

e.vcral studies have bcen conductcd to ns,ses whether 
clcclromagnelic held (EMF) exposures at charecteristic 

frequencies of brain electrical activily could in0uence 
alleralions in lhe EEG and olher physiologicel parameters. 
Studies on 16.66 Hz and 50 FIz have reportcd adversc effects 

on humans and animals [1 ]-t4]. A single-blind study on 61 
volunteers exposed to atternating 31Iz magnetic field of 
O.Inif for 20 minutcs caascd relativc speclral powcr 
increase at theta and alpha L'EG bands and decrease in beta 
EEG band at the occipital head regions [5]. It was previously 
reponed that applications of electromagnetic fields (EMFs) 
in thc range 0-60Hz and intensity 20 — 100 p"f, allered EIiG 
activily in animals and human subjccls during 2-second 
cxposure epochs [6]. 11 was concluded thal a weak EMF 
applied continuously to human subjects for 10 minutes 
resulted in a reduction in brain clectrical activity at (hc 
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Gequcncy of the EMF during the f-minule interval foilowing 
tcrmination of the held. A similar smdy rcported on the 
effects of 1.5 and 10 FL EMFs, 20- 40µ'f, and the results 

indicaled altercd brain EEG activity t7]. A recent doublc 
blind sludy on 20 subjects suggcstcd that exposure to EI-I' 
magnetic fields altaed human EEG activily, specilically 
within the alpha frequtatcy band (8-13Hz) í81. The findings 
indicated that alpha activity was significantly higher over the 
occipilal electrodes and marginally highcr over the parietal 
electrodes at post-exposure. 

The purpose of lhis sludy was to invesligate whe0tcr 

combined extremely low Gequencics EMFs (50, 16.66, 13, 
10, 8.33 and 41-Iz, in that order) whieh have previously becn 

investigaled in litaalure only as individual Gequcmcies, 
eould cause changcs in the EEG aetivity under double-blind 
and countcr-balanced conditions. 

H. MATERIALS AND MLTIIODS 

A. Deslgn of Helmho/r_ Coll Magnelic FIe/d Erposure 

Appnratns 

11te preliminary 19],[10] and final sludies investigated 
whether multiple sinusoidal extrcmely low frequency (ELF) 
(50, 16.66, 13, 10, 8.33 nnd4fiz) linearlypolariscdmagnetic 

Flux dcnsity of 20±0.57µT (rms) applicd to the human hcad 
over a non-cominuous period of 12 minute, could causes 
alt¢ations in the EEG rhythms on 33 human volunteers j I 1]. 
Standard circular Helmholtz pair of coils have becn designed 
to pase the currcnl of approximatcly 140mA. 1'hc tolal coil 
impedance was 71 62, designed with average mdii of 65an, 
copper wire of 0.8mm in diameter and 250 tums each. A 
sigpal generetor eiTcclivc in producing high qaa(ily sine 
waveforms of high stability/accuracy ELF signals was 
dcsigned and developai using EXAR XR-2206 monolitbic 
IC. Also, an audio amplificr was designed and constructed 
with thc approximate gain of 10 to dclivcr suiLcient current 
to lhe coils. The magnetic Ilux densily was verilied by direct 
measurement using "Wandel and Goltertnann" EI'A-200 
EMF Anelyser. Thc lincarly pnlarized Glcd was 
perpmdicular to Ote Earlh's North-South magnetic held. 

B. Subjecrs and F.EG Montages and Yrocedures 

Thc fmal expcrimenls were conductcd on 33 hnlthy 
subjecls, 24 male and 9 female, with mean age of 30 years, 
SD 11 yunrs, range 20-59 years. The RMIT ethics comnultec 
approved the sludy and all subjecls gave written informed 

1-4244-0033J1061$20.00 O2006 IEEE. 3206 
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EXHIBIT D 
consent prior to the experimenL lluring the EF.G recording 
sessions, subjecls were asked to lie down bctwecn the coils 
in saggital plane directlon perpendicular to the coil axis end 
in the supine posilion. 7he entire cxpaiment was performed 
in a darkcncd and sound proof RF ancchoic chamber lo 
prevcnl crroneous recordings duc to the slanding wavcs and 
power linc inlerference. 

C. F.fiG Recording and Eaperinrental Prorocol 

The EI:G equipment used throughouw testing was the 
Mindset MS-1000 recording system. Neuroscan 19 Channel 
Caps electrodcs wcre uscd with refcrcnlial montage of 16 
channels. The Icft brain hemisphere clectrodes: Fp I, F7, F3, 
T7, C3, P7, P3 and OI were all refercnccd to MI (left 
mastoid), while the righl brain hcmispherc clcctrodes: Fp2, 
F8, F4, T8, C4, P8, P4 and 02 wcre rcferenced to righl 
mastoid M2. Thc bascline GEG was rccorded prior lo any 
stimulation tbr one minute. Fach slimulation (50, 16.66, 13, 
10, 8.33 and 4Hz) lasted for Iwo minutes followcd by cme 
minutc post-stimulation EEG recording. Ther¢fore, total 
Icnglh of an cxpcrimcnt was 19 minulcs. 'Iltc satne 
proccdure was rcpeated for the EMp control sc.•esions. 7he 
order of control and exposure sessions was dctcrmined 
randomly according lo Ihe subject's ID number. Subjecls 
with odd 11) numbers wcre frrsl tesled with control condilion 
(no EMF exposure) followed by EMF slimtdalion afler 30 
minute break. Double-blind counterbalanced condition was 
exercised. The two EMF sessions were highly considcrcd in 
the analysis as a feclor that might reveal that iflhe I ° session 
was EMF exposure, the EL'G aclivity results during the 2vd 
EMF conuol session could still be in(luenced or dependenl 
on the results of the 1 s' EMF cxposure session. 

111. SIGNAI.PROCESSINGANDSI'AT'ISTICAI-MF,TIIOD 

AII the collected L'E'G data was processed u.sing Matlab 
tool. Thc mairr Matlab script was written to proccss all 16 
channcl EEG data of all subjects and generale valuable 
parametcrs lhat would be uscd in the farther statistical 
analyxis, such as Total spectml power of cach slimulation 
EL'G data (i.e. bcfore, 501Iz, 16.66f1z, 13Hz, IOIIz, 8.33Hz 
and 4FIz); Spectral power in lhe stimulaled band, 
before/alicr; Cerrtml band frequency before/after and 
Rclative dilTerence "ralio" bclween the individual band and 
total spectral power before/a0cr. Spectral function was 
wriucn to compute the windowed discrete-lime Fourier 
transform ofa signal using a sliding window. 1'he IiliG band 
intervals werc as Theta (3-5Hz), Alpha 1(7.5-9.51{z), Alpha2 
(9-Illlz), Betal (12-14Hz), Bcla2 (15.5-17.5Hz) and 
Gamma (49-51Hz). Dclta and Gamma band dala was 
excluded Gom Ihis particular analysis. We compared the 
EEG activity "beforc" and "afler" slimulation for each 
Gequency slimulation and band. Throughout this method, 
"before" stimulalion EEG datn was regardcd for every nexl 
recording of the "a@er". For example, if I R  recording was 
beforc any stimulation, 2°" was 50F'L. stimulation (gamma  

band), 3'd  was 16.66Hi stimulation (beta2 band). The script 
used for this signal processing compuled all the paramclQs 
mentioned above as I second epochs, maximum of 60 
epochs per rccording.'Ihroughoul this invesligation, only the 
relative diffcrcncc (ratio) parameter between the individual 
bands and total speclral power (before and allcr) was used 
for the stetistical analysis. 

IV. RESULTS 

Mulliplc paired samplcs 2-tailed t-tests and ANOVA's 
3-way tttixed design for within and bctween-subject 
measures were cmploycd. The factors considered were the 
"before and a0cr", "cxposure and control" and "first and 
second session" 711e fust test conducted was fm Ihe Grst 
session of EMF exposure and thae were 16 subjccts used for 
this session. The second test was the second session EMF 
conlrol (df=15), the Ihird tesl was Ihe 6rst session EMF 
control (df=16) and the fourth tesl was the sccond session 
EMF cxposure (df=16). 

A. FMFEeposrrrefo/loandhvEMFConrro/Resnltr 
In Alphal band and 8.33Hz siimulation under EMF 

control (2"" session), r-lest results revealat a sigrtificant 
relalive difference increase from befure to after at T7 (t(15)= 
-2.397, p<0.030). ANOVA te.st revealcd a significant 
differencc lor the inlemclion between exposure/control and 
sessions factors (T7) (F(1,3I)= 5.992, p<0.020). In Alpha2 
band afler IOFIz stimulation, 2m  control session, thc rclalivc 
di(ference has dccreased, highlighted by a high di(ferencc 
observcd in parietnl and occipilal regions, P3, thal the 
relaGvc diffcrcnce at beforc (M=0.1789, SE=0.0201) wes 
signilicantly higher than a0cr (M=0.1573, SE=0.0140), 
t(15)= 3.081, p<0.008. At P4, the relative dillcrence before 
(M=0.1861, SE=0.0223) was significantly higher than alicr 
(M~.1510, SE=0.0134), t(l5)= 2.8t2, p<0.013. The 
occipital rcgions, OI before (M=0.1399, SE=0.0156) and 
after (M=0.1243, SE=O.OI l l), t(15)= 2.256, p<0.039; and 
02 bcfore (M=0.1383, SEO.0137) and a0cr (M0.1203, 
SE=0.0104), t(15)= 3.283, p<0.005, as shown in Figure I. 
There was a largest decrease in relative difference Gom 
beforc to a0cr by 12"/n (P3), 18.4"/n (P4), 1 l.2% (Ot), and 
13n/n (02) than at any othQ electrode and slimulation. 'Ihc 
3-way ANOVA revealed a sigpiticanl differcncc at thc 
inlcraclion belwecn exposure/control and scssions (P3) 

F(1,31)= I 1.918, p<0.002 and the main factor hefore/ alicr 
F(1,31)= 5.230, p<0.029. Al P4 clectrodc, a sigrtilicant 
difference between exposure/control and sessions was 
F(1,31)= 14.827, p<0.001 and beforcJa(ler F(1,31)=4.406, 
p<0.044; OI rcvealed I'(1,31)=9.346, p<0.005 
(exposure/control and sessions); and 02 F(1,31)= 13.071, 
p<0.001. The t-lest results for 13Hz stimulalion in 13eta1 
band revealed no significant differences at any electrode, as 
shown in Figure 2. 
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Figure 1. The Relative DiRerences Versus "Oefore" and "ARd' Results Rcpresented at I OHz Stimulafion in a Alplu2 band for EMF Ezposurr/Control and 
Firsl/Second Session Conditions. 
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FirsUSecond Session Conditions. 

For the 1°  EMF exposure session, the t-test results revealcd 
a significanl increase at Fpl, Fp2, F7, F3 and C3 for 13Hz 
stimulation in Bctal band. At F7 beforc, t(1,15)= -2.798, 
p<0.014; F3 before 1(1,15) -2:659, p<0.018; and C3 beforc 
t(I,IS)= -2.391, p<0.030. There was an incrca.se in relative 
difference from before r0 afler by 10.1"/0 (Fpl), 8"/p (Fp2), 
8.4% (F7), 10.8"/° (F3) and 9.3% (C3). Thc ANOVA results 
revcaled a signiGcant dilFerences between before and afler 
main fectors at Fpl F(1,31)= 12.852, p<0.001; Fp2 F(1,31) 
7.058, p<0.012; F7 F(1,31) 15.730, p<0.0001; and C3 
(NS). In h' LiMF exposure Betal band (13W.), ANOVA's  

signiGcant results for before and afler main factor, were very 
similar with the t-test's results. 

B. EMF Con(rol follorued hv EMFE.rpo.n7re Resuler 

For the 2od  F.MF exposure session, thc t-tests werc 
conducted for 8.33Hz stimulation in Alphal band, that 
relative difference at elcctrodes Fpl, F7, F3, F4 and C4 was 
significantly higher before than a0er st'unulation. The results 
of t-tes(s were: F7 before t(1,16) 2.120, p<0.050; F3 before 
1(1,16) 2.862, p<0.01 1; F4 before t( I,16)= 2.682, p<0.016; 
and C4 before t(1,16) 2.872, p<0.011. 7Lere was a decrease 
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in relative dilTerence Gom beforc to after by 11.1% (Fpl), 
I1.3o/n (F7), 10e/a (F3), 9.8"/a (F4) and 8.8% (C4). 7Le 
ANOVA results indicated a signiftcant difTerence at: F7 
F(1,3 ] ) 6.485, p<0.016 (exposure/control and sessions) and 
F(1,31)= 4.485, p<0.042 (befordafter and sessions); F3 
F(1,3 ] ) 4.524, p<0.041 (cxposurdcontrol and scssions) and 
F(1,31) 4.297, p<0.047 (beforeJalter and sessions); I'4 
F(1,3[)= I].554, p<0.002 (exposure/control and sessions); 
and C4 F(],31)= 5.121, p<0.031 (exposure/control and 
scssions) and F(1,31)=6.035, p<0.020 (before/af)er and 
scssions). Undcr Oic 2n" EMF cxposure session, thc t-tc~;t 
reviceled a signilicant di(]crencc bctwecn before and aftcr 
stimulatiott of IOllz in Alpha2 band at F4, where a relative 
difTerence wes higher before than after the I OHz stimuletion 
t(16)=-2.I30, p<0.049, as shown in Figure 1. ANOVA 
revealed a signihcant cLllerenee for the interaction between 
cxposurdcontrol and session's factor, F(1,31) 11.043, 
p<0.002. For 1311z stimulation, there was no signi6cant 
dilrcrence. 

V. DISCUSSION 

The slatistical EMF exposure/contro] tests have been 
conducled and Ihe summary of its entire hypothesis tested 
have been illustralcYl in Figure 3. 
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Figure 3. Sumnary of All Ihe T-tm Signifi©m Rela6cc Incrcase'Decruse 
for thc Standard EMF EzposuraControl and FirsUSccond Session 
Conditions at tndividual Bands'Stimuli xnd Elecnodes. 

The alternativc hypothesis tesr for EMF Exposure 1°  and 
Control 20°  session resu[ts signify a possibility that the EEG 
activity could remain altered for at ]eas[ 50 minutes after the 
exposure (30 minulcs brcak between Ihe exposure and 
conUol conditions with additionol 20 minutcs for EMF 
control EEG recordings and slimulations). For the correcled 
alpha rete value of multiple tests, 13onferroni test was used 
with the new modified alpha ratc of p<0.0025. No significanl 
ditlLrcnccs were observed as a result of this corrcc.tion. 
I lowevcr, thc final analysis results suggest thet EEG ectivity 
in Alphal, Alpha2 and F3etal band could be alttaed due to 
EMF expostJres, which are mainly associated with 
stimuletion frequencies of 8.33, ]0 and 13Hz 

VI. CONCLIJSION 

Thc results from rhe EEG study on 33 subjects have 
indicatcd that lmder the first EMF exposure there was a shift 
from a significant inerease in Be[a 1 band at fiontal region of 
the brain lo a significant decrease in Alpha2 band at the back 
rcgion (parietal and occipital) under the post-EMF exposure. 
However, when the subjects were exposed to EMF after 60 
nrinutes of rest, they exhibited e decruhse in Alpha I band. 
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Abstract 
Long-term evolution (LTE) wireless telecommunication systems are widely used 
globally, which has raised a concern that exposure to electromagnetic fields 
(EMF) emitted from LTE devices can change human neural function. To date, 
few studies have been conducted on the effect of exposure to LTE EMF. Here, 
we evaluated the changes in electroencephalogram (EEG) due to LTE EMF 
exposure. An LTE EMF exposure system with a stable power emission, which 
was equivalent to the maximum emission from an LTE mobile phone, was used 
to radiate the subjects. Numerical simulations were conducted to ensure that the 
specific absorption rate in the subject's head was below the safety limits. 

Exposure to LTE EMF reduced the spectral power and the interhemispheric 

coherence in the alpha and beta bands of the frontal and temporal brain regions. 

No significant change was observed in the spectral power and the inter- 

hemispheric coherence in different timeslots during and after the exposure. 

These findings also corroborated those of our previous study using functional 



magraetic resonant imaging. EXHIBIT E 
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Abstract 

The aim of the present work was to investigate the effects of the radiofrequency (RF) electromagnetic 
frelds (EMFs) on human resting EEG with a control of some parameters that are known to affect alpha 
band, such as electrode impedance, salivary cortisol, and calTeine. Eyes-open and eyes-closed resting EEG 
data were recorded in 26 healthy yaung subjects under two conditions: sham exposure and real exposure in 
double-blind, counterbalanced, crossover design. Spectral power of EEG rhythms was calculated for the 
alpha band (8-12 Hz). Saliva samples were collected before and after tiie study. Salivary cortisol and 
ca(Teine were assessed by ELISA and HPLC, respectively. The electrode impedance was recorded at the 
beginning of each run. Compared with the sham session, the exposure session showed a statistically 
signiGcant (P < 0.0001) decrease of the alpha band spectral power during closed-eyes condition. This 
effect persisted in the postexposure session (P < 0.0001). No significant changes were detected in 

electrode impedance, salivary cortisol, and caffeine in the sham session compared with the exposure one. 
These results suggest that GSM-EMFs of a mobile phone affect the alpha band within spectral power of 
resting human EEG. 
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EMfiRGING TECHNOLOGIES IN MOBILE telecommunlcatlons, such as mdio frequency fields (RF) and 

microwave radiation, are widely used in our modem society. Prominent examples are the wireless lntemet 
network and mobile phone communications, which are panicularly widespread. The extensive use of 

mobile phones (MP) increases the exposure of human beings to radiofrequency electromagnetic fields. 

During a phone call, given the close proximity of the MP to the user s head, a part of the electromagnetic 
field (EMF) can be absorbed by the head and the brain (Schonbom et al. 1998). This exposure to EMF has 
raised questions about possible effects of the EMF of mobile phones on brain activity. 

Some earlier studies have investigated the effects of EMFs on resting cerebral activity with somewhat 

mixed results, but more recently, there has been consistent data, indieating the existence of exposure 
effects on the alpha bands of the resting EEG. 

lndeed, data reported by some authors showed an increase in EEG power in the alpha frequency band 

(Cook et al 2004• Croft et al 2002 2008 2010• Curcio et al 2005; fiinrikus et al 2008;1duber et al  

z(302 Kramarenko and Tan 2003; ßegel et al. 2007 Reiser et al 1995) whereas other studies reponed a 

decrease in EEG power or coherence in the alpha band (M1y et al 2006• Perentoa et al 2013; Vecchio et 
AI 2007 201(1, 20t2). Finally, other studies failed to show an e(i'ect on EEG power in the alpha bands ( 
(D'Costa 2003• Hietanen et al. 2000; Roschke and Mann 99 • Perentos et al 20O7). 

As the literature cited demonstmtes, the most consistent elTect observed is a change in alpha band power. 
However, these changes sometimes correspond to an increase in alpha power and sometimes 10 a decrease. 

The reason why alpha band power reacts differently to RF exposure remains unclear. The main problem 

lies in the use ofdifferent methods, different experimental protocols, and/or different intensities or 

frequencies (van Rongen et al. 2009), thus making the comparison of data more difficult. As also reponed 

by Loughran et al. (2012), individual variability is also one of the imponant factors that may explain the 

discrepancies between the results. 

Moreover, several other pammeters could impact the EEG results as confounding factors. Among these 
parameters are electrode impedance changes. The battery and electronics of the phone causes it to heat up, 

which, in tum, causes heating of the skin and underlying tissue (Anderson and Rowley 2007 Ghosn et al.  

2O12 Straume et al. 2O05). As exposure lo heat causes the dilauon of blood vessels, this phenomenon may 

result in a change in the skin impedance (Luck 2005), which, in turn, could explain some observed 

changes in the recorded EEG power. 

In addition, changes in the alphe band power are related to changes in parameters, such as cortisol or 

caffeine, which, to our knowledge, have never been concretely measured in relation to EMF exposure. 

Changes in conisol and ECG could result from stress linked to the experimental environment and protocol, 

and therefore, these parameters need to be controlled. 

The aim of the present study was to examine the potential impact of GSM (gtobal system for mobile) RF 

(radiofrequency) exposure to the alpha band of the resting EEG under controlled parameters and to, thus, 

bring additional infotmation to fill certain gaps in our current knowledge of the effects of GSM RF 

exposure. This study was conducted on awake volunteers in two different conditions: open eyes and closed 

eyes. In addition, some parameters that are known to affect alpha band, such as electrode impedance, 

cortisol levels and caffeine concentrations were also investigated to ensure that if any effect was observed, 



that it was not attributable to one of the aforementioned parameters. Hence, electrode impedance.was 
checked after each block of EEG recordings, and caffeine and cortisol were concurrently evaluated in the 
saliva. 
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METHODS 

Participants. Twenty-six healthy volunteers patticipated in the experiment (13 females and 13 males; 
mean age = 23.5 f 3.1 yr). AII women reported having regular menstrual cycles (25-32 days) during the 
year preceding the study, no vasomotor complaints (i.e., hot tlashes, night sweats). These women were 
studied in the laboratory during the follicular phase of their menstrual cycle to avoid any interference with 
EEG rhythms and hemispheric activity. AII participants provided informed written consent and were 
compensated for their participation. All procedures were approved by the local ethics committee (ID no. = 
RCB; 201 I A01455-36). The volunteers were selected following a routine clinical examination. The mean 
body mass index of the subjects was 22.3 f 1.8. Systolic and diastolic blood pressures were 113.3 f 9.2 
and 74 f 7.7 mmHg (mean f SD), respectively. Inclusion criteria included regular sleep habits, no 

medication, no chronic disease or disability, no recent acute illness, no smoking, and no neurological or 
psychiatric illness. AII participants were right-handed and had normal or corrected-to-normat vision. Those 
selected were instructed to abstain from consuming alcohol and coffee for 24 h before and during each 

experimental session. They were instructed to abstain from using a mobile phone on the day of the 
experiment. Participants declared that they did not use the mobile phone at all on the day of the 
experiment. Moreover, we are quite sure that they did not use their phones 2 to 3 h before the start of the 

experiment, since they were admitted into the facility of the hospital to ('ill some documents related to the 
experiment 2 to 3 h prior to the exposure. 

Experimental design. Participants attended two EEG recording sessions in a crossover, mndomized, 
double-blind, and counterbalanced design experiment. During each session, the subject was exposed to 26 
min and I 5 s of sham or real GSM RF exposure (Eig.1). In the case of sham exposure, the mobile phone 
was switched "on" but without RF radiation, while for real exposure, the mobile phone was switched "on" 
with RF radiation. For the same subject, the two sessions were at a I-wk interval. Both the subjects and 
experimenters were unaware of the exposure condition. The experiment was conducted in a dimly lit, 
electrically shielded room. Subjects were seated in a comfortable chair, and a screen was placed l m in 
front of the volunteer to keep their eyes in a well-defined direction. In addition to the EEG recordings, 
ECG and galvanic skin responses (GSR) [also called electrodermal response (EDR)1 were simultaneously 

recorded (EDR data will not be reponed in the present paper). During the recordings, volunteers were 
asked to fix their eyes on a center point on the screen represented by a white square in the center of a black 

background. Each recording session was composed of seven experimental blocks distributed across the 3 

experimental conditions: preexposure, exposure, and postexposure. Each block consisted of three 

recordings: EDR assay (2 min and 45 s), resting EEG with open eyes (3 min), and resting EEG with closed 
eyes (3 min) (Fig I). Vocal instructions were previously recorded by the experimenter. Loudspeakers 
placed on either side of the screen in Gont of the volunteer connected to a computer in the acquisition 

room allowed insuuctions to be sent to the volunteers. Auditory instructions to inform the volunteers when 

recording starts, when to open or to close their eyes, and the fixation point were given with Omnistim 

(stimulus presentation so(iware developed at the MEG-EEG Center). Trransistor-transistor logic (TTL) 

pulses were used to synchronize stimulus presentation and the EEGBIOPAC systems. Instructions were at 
the beginning of the recording block, the open eyes and the closed-eye periods, and at the end of the block. 

The timeline of the two experimental sessions is presented in Fig I. The preexposure period consisted of 

two blocks of recordings (nrn ! and nin 2) with no mobile phone (baseline). Three blocks (nrn 3, nin 4, 

and nm 5) were recorded during the exposure period in which the actual mobile phone (genuine) was 



positioned and activated for the exposure session, and the sham phone was used in the sharn session. The 
mobile phone was then removed, and two blocks were recorded in the postexposure period (nins 6 and 7). 

Exposure system and dosimetry. Subjects were exposed to RF EMF by a commercial dual-band GSM 
mobile phone (Nokia 6650). The mobile phone was positioned against the left ear. To set the standard 
exposure parameters, the phone was connected to a personal computer to control the required frequency 
and RF power by service sotlware (Phoenix, Nokia, Finland). The sham or genuine exposure was carried 
out using a"load" or a"dummy load", respectively. For this purpose an extemal power load was 
connected to the extemal antenna connector of the phone. A 50-52 resistive load and an open-circuit 
dumrny load were developed for sham and exposed conditions with the same shape and structure to allow 
for the double-blind protocol of the study. This implied that, when the telephone was on, the intemal 
circuitry was regularly active, but no radiofrequency power was delivered in space by the antenna. The 
participants received GSM-modulated exposure with the full power of the mobile phone (2 W peak, 250 
mW average, pulse modulated with 1/8 duty cycle) at 900 MH-r. for 26 min. The maximum specific 
absorption rates (SARs) were averaged on 10 g tissue, I g tissue, and the peak value was measured at 0.49 
W/kg, 0.70 W/kg, and 0.93 W/kg, respectively. The SAR of the sharn phone was below the detection level 
of the system (0.001 W/kg) at any position of the phantom, and no electric field was detected on the 
surface of the sham phone (for more details, see Ghosn et al. 2012). 

EEG recording and data acquisition. Electroencephalography data were recorded using BrainCap 
(EASYCAP Products, Herrsching, Germany) with 29 passive electrodes (Fpl, Fp2, F7, F3, Fz, F4, F8, 
FC5, FC1, FC2, FC6, T7, C3, Cz, C4, T8, CPS, CPI, CP2, CP6, P7, P3, Pz, P4, P8, P03, P04, O1, and 
02) placed according to the intemational extended 10/10 system. The reference electrode was the AFz, 
and the ground electrodes were placed on the right shoulder of each participant. Repeated EEG blocks 
were recorded with respect to the AFz reference at a sampling rate of I,000 Hz. The signal was ampli6ed 
and band-pass filtered online between 0.016 Hz and 250 Hz. We used three bipolar derivations to monitor 
eye movements: one electrode was placed below the right eye for vertical eye movements, and two 
electrodes were placed at the outer canthi of the eyes for horizontal movements. Data acquisition was 
performed using BRAINAMP MR plus Amplifiers (Brain Products, Munich, Germany). 

EEG interterence with RF-EMF. To test possible interference between radio frequencies emitted by the 
mobile phone and EEG signals recorded during exposure, a polystyrene phantom head was constructed to 
simulate a complete EEG chain. Time-frequency analysis was performed on the three recordings blocks 
(without a phone, with the sham phone, and the real phone) to detect any interference signals. Results 
showed no disturbance in the recording in the absence or presence of the two phones for the frequencies 
between 1 and 20 Hz. The two sham and real phones used in our experiment seem not to have disturbed 
the EEG recordings assessed during exposure. 

Measurement of electrode impedance. Electrode impedance was checked to be below 5 kS2 and was 

recorded throughout the experiment at the beginning of each nm. 

Heart rate data acquisition. Heart rate was recorded by BIOPAC MP150 (GSRIOOC and ECGI OOC 
modules) at a sampling rate of I,000 Hz by using two electrodes. One was placed at the base of the neck 
(above the right clavicle), while the other was ptaced on the leli forearm. 

ELISA for salivary cortisol. Saliva was collected using a Salivette device (Sarstedt) and then cenirifuged 
and immediately frozen. Each volunteer provided two"saliva samples, the first before starting the 
experiment (TO) and the second after the recordings were complete (TO. The cortisol was quantified in two 
samples collected at TO and Tf using commercialized sandwich ELISA kits (human cortisol), according to 
the manufacturer's instmctions. EXHIBIT F 

~ 
~ 

i 

a. 

.4

c- 

`~. 
2 



~ 
~ 
K 
~ 

~ 

I 

I 

~ 

~ 
s. 

i 

Samples were centrifuged ( I,000 g/20 min/4°C), and the supernatant was collected. Raw data were 
presented forsham and exposed groups. 
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Salivary caffeine concentration using HPLC. Salivary caffeine concentmtion was assessed in T0 samples. 
A rapid HPLC method was used for the salivary calTeine analysis. The HPLC system consisted of a 
Spectra SYSTEM Pump and a Spectra SYSTEM UV detector (Ultimate 3000 Photodiode Array detector). 
An Envirodur C] 8(3 µm) column (250 x 4.6 mm; Macherey Nagel) was used for the separation. The 
mobile phase was made of 85°/u of a 0.012 M KH2PO4 and 15°/u acetonitrile. The flow rate was set at I 
ml/min, and the injection volume was set at 20 µl. The detection wave length was set at 280 nm. The 
caffeine solution concentrations used for the standard curves were 1, 1.5, 2, 5, 8, 15, 25, 50, and 100 
µg/ml. Standard curves were constructed by plotting concentration vs. area under the curve. Caffeine 

retention time was 5.2 min. 

EEG data analysis. Resting EEG data were analyzed for the periods "open eyes" and "closed eyes," which 
lasted 3 min each for each run. In total, 7 runs were performed: the first two runs (nrns I and 2) consisted 
of the preexposure period, the three following runs (nrns 3, 4, and 5) constituted the exposure period, and 
the last two tuns (nrns 6 and 7) represented the postexposure period. Markers were placed in the data at 4-s 
intervals, and then we perfotmed the time-frequency wavelet transform on individual EEG epochs 
comprising data from —2.5 to 2.5 ms around each marker. We used a family of complex Morlet wavelets, 
with an m parameter of 10 and a Blackman window of I00 ms, resulting in an estimate of signal power at 
each time sample and at each frequency between I and 20 Hz, with a frequency step of l Hz. The time- 
frequency transformed data were then averaged across epochs for each experimental eye condition, each 
run and for each subject, separately for the baseline trials and the exposure and postexposure trials to 
obtain spectral power, which were then subsequently averaged in the alpha (8-12 Hz) bands. The alpha 
band was divided into two subbands: the upper (10-12 Hz) and the lower (8-10 Hz) and were then 
analyzed. The log-transformation of the data was used to approach a notmal distribution. Finally, the data 
were averaged over the three conditions of interest: preexposure (baseline), during exposure, and 
postexposure period, for each subject and for the gmnd mean of the 26 volunteers. 

Statistical analysis. A four-way repeated-measures ANOVA was run to determine the effect of exposure 
(sham or exposed), frequency bands (delta, theta, or alpha), period (before, during, or after), and eye 
conditions (closed or open) across subjects. Then, we restricted the analysis to alpha band (8-12 Hz) in 
closed-eye condition as follows: for each period (before, during, and after), we performed a paired t-test 
for each electrode across subjects in the two conditions (real exposure vs. sham exposure). Then, we 
averaged frequency power values for each portion of the alpha band (8-12 Hz, 8-10 Hz, and 10-12 Hz) on 
each electrode across subjects and performed a paired t-test in the two conditions (sham or real exposure). 
The family-wise error mte was controlled via permutations tests as showed by Grop e et al. 201 I) which 
is, at most, as conservative as Bonferroni. 

Heart rate, impedance, and cortisol data analyses were performed using two-way repeated-measures 
ANOVA. Statistical significance was set for P< 0.05. 

RESULTS 

EEG interference with RF-EMF. No disturbance was seen in any recording in the absence or presence of 
the phones (actual or genuine) for the analyzed frequencies between I and 20 Hz. The two sham and real 
phones used in our experiment did not disturb EEG recordings assessed during exposure (data not shown). 



significant differences have been detected when comparing sham and real exposure between runs. 
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Electrode impedance. Ejgure 2 represents electrode impedance recorded at the beginning of each mn. No 
3 

Alpha spectral power. There were signiGcant differences between frequency bands and eye conditions for 
all of the electrode measurements. Period levels (before, during, and after) were statistically significantly 
different on all electrodes except in the frontal region (Fpl, Fp2, F7, F3, Fz, F4, FC1, FC2). 

In the closed-eyes condition, a significant difference between sham and real exposure was found in atpha 
band power (8-12 Hz) for all electrodes during the exposure (except FP2, FC5, and P8) and postexposure 
period (except Cz, CP2, P7). Indeed, a paired permutation !-test analysis detected a significant and 
important decrease in alpha band power (8-12 Hz) (P < 0.0001) during the exposure and postexposure 
period (P < 0.001) (Table I). 

Repeated-measures two-way ANOVA and Bonferroni post hoc tests were applied. P and F values are 
given in Table 2. Impedance was not afTected by the factor session (sham and real exposure) recorded 1 wk 
apart in all mns. Moreover, no significant differences were found in all electrode impedances when 
comparing the sevem mns sepamtely in the sham sessions and in the exposure sessions. 

Heart rate. There were no signiGcant variations'in heart rate (Eig ~), whether it be between the two 
sessions (sham and real exposure), eye condition (open eyes and closed eyes) within and between sessions 
[two-way ANOVA: exposure (F = 0.1, P= 0.75), and eye condition (F = 0.58, P= 0.71)]. 

Salivary cortisot. Figpre 4 shows the salivary cortisol concentmtion in sham and exposed sessions 
separately for participants recorded in the morning or in the afternoon. ANOVA analyses showed no 
significant differences in cortisol concenlrations when comparing sham to exposed sessions, no differences 
between volunteers, and no signiGcant interaction between exposure X subjects in the moming, 
respectively, in T0 and Tf (F = 2.72, P= 0.12; F= 0.08, P= 2.27; interaction: F = 0.42, P= 0.87). In the 
aftemoon, no significant difTerence was observed between T0 and Tf when comparing sham to exposed 
sessions (F = 0.67, P= 0.78), but a significant dilTerence was noted between subjects (F= 2.08, P= 0.04), 
and no exposure x subjects interaction (F = 0.55, P = 0.89). 

Salivary caffeine. Results showed that caffeine concentrations in all samples were negligible and below 
the detection limit of2 µg/ml. 
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DISCUSSION 

The present study evaluated the e13'ect of GSM (global system for mobile) signals of a mobile phone on the 
electrical activity of the human brain, especially in the alpha band of the resting EEG in young adults. In 
this study, healthy adults underwent two sessions of EEG recordings 1 wk apart as a washout period. 

Results showed that alpha spectral power decreased during exposure period to GSM signals. These results 
concur with previous Gndings on the efi'ects of GSM signals on alpha power of resting EEG in humans 
(Crofl el al. 2002; S urcio et al. 2005; Kramarenko and Tan 2003). When analyiing lower (8-10 Hz) and 

upper (10-12 Hz) alpha bands separately, results showed a similar signilicant decrease. This elTect 
persisted in the postexposure period (Table I) suggesting that the effect is sustained with lasting 
physiological changes and not solely during immediate interaction between exposure and the target tissue. 
This is in line with the results obtained in other studies that have exposed participants prior to the EEG 

Furthermore, the alpha band (8-12 Hz) was divided into two subbands—the upper (10-12 Hz) and lower 
(8-10 Hz) alpha bands—which were analyzed sepamtely. Results showed that in the 8-10 Hz frequency 
band, alpha spectral power signiGcantly decreased during the exposure and postexposure period (P < 0.001 
and P< 0.0001, respectively). Likewise, data within the upper alpha band (10-12 Hz) showed a decrease 
in the spectral power during and also after exposure (P = 0.0001 and P< 0.0001, respectively) (Table I). 
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recording (Curcio et al. 2005; Huber et al. 2002; Reiser et al. 1995), and where an efTect of RF-EMF has 
been observed on brain activity. The persisted effect of RF-EMF on brain activity was also observed on the 
EEG dwing sleep, during which time some authors have reported a modification following the active 
period of exposure (Loughran et al. 2005, 2012 Regel et al. 2007). EXHIBIT F 

As we know, interpreting alpha wave activity from the amplitude/power measurement is dependent on 
several factors, mainly the experimental conditions under which the arnplitude is measured, such as open 
or closed eyes (Bazanova and Vemon 2013). Indeed, it was reported that an increase in the amplitude seen 
with closed eyes indicates less activation, whereas when eyes are open, there is a decrease in amplitude, 
indicating an increase in activation (Banv et al. 2007). It was assumed that neuronal activity generating the 
alpha rhythm is associated with areas of the cortex that are not processing infotmation at rest. This is the 
usual explanation of why the rhythm may disappear when the eyes are open, while processing the visual 
information. Similarly, when a subject concentrates on a particular modality, the EEG activity in the alpha 
band specifically decreases in the corresponding brain region. Also, reduction in the power of alpha 
rhythms has been related to the speed of information processing, the subject's global attention, and 
cognitive performanee (Klimesch 1997, 1998 1999 2003; Krause et al. 2000a, b Neubauer and  
Freudenthaler 1995; y4gt et al. 1998). 

The possible reasons why an effect was found only for eyes closed but not for eyes open may reside in the 
fact that amplitudes of alpha waves diminish when subjects open their eyes and, thereby, the effect of 
radiofrequency could not be significantly detected. However, when the subject is awake and relaxed with 
eyes closed, the alpha rhythm is prominent, thereby facilitating the observation of any effect. 

According to these data, it seems that the effects observed in our study mimic, to some extent, the global 
reductions in alpha-band power observed in eyes-opened vs. eyes-closed conditions. One would suggest 
that the power decrease in alpha-band frequency resulting from the GSM signal exposure could be 
beneficial for memory process, global atlention, and cognitive perfortnance. The potential clinical 
significance of this effect, in this area, could be assessed in further studies. 

The mechanisms behind these exposure-induced changes still remain unclear. However, on the basis of 
earlier reported data, it has been shown that intmcortical excitability of the molor cortex was modified by 
acute exposure to GSM 900 (Ferreri et al 2006). Intracortical inhibition/facilitation (ICI/ICF) curves were 
investigated, and results showed that ICI is reduced and ICF is enhanced after exposure to GSM signal 
(Ferreri et al. 2006). lt has been suggested that ICI is mediated by GABA-A receptors (Nanajima et al  
1998) ICF is mediated by glutamatergic N-methyl-D-aspartate (NMDA) (7iemnnn et al 1998) and an 
imbalance between ICI and ICF inay lead to changes in the intracortical excitability (nger et al 2001). It 
has also been suggested that oxidative stress may play a role in this phenomenon, since it reduces the 
release of GABA and the activity of GABA-A receptors at presynaptic and postsynaptic sites (Sah et al  
]99~) 2002), which correlates with the observed decrease in EEG amplitude. 

The data reported in the present study were obtained while controlling certain parameters considered as 
confounding factors. Indeed, alpha rhythm is known to be sensitive to several factors, including calTeine 
and cortisol. To our knowledge, previous studies on RF's effect on EEG did not concretely and 
concurrently measure such factors thal may modify alpha power. Therefore, our stttdy was designed to 
include and assess salivary cortisol and caffeine. 

As alpha rhythm has long been known to be sensitive to overall attentional states (i.e., intensity aspects 

such as arousal) (Adrian and Matthews 1934) and is also involved in the biasing of selective attention 

(Foxe et al. 1998 Kelly et al 2006), we instructed subjects to refrain from any caffeinated drinks (e.g., 

coffee, tea, caffeinated soft drinks) 24 h before the study. It has been reported that caffeine increases 
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alenness and speeds reaction time, dominant factors in relation to alpha power (Fredholm et al 1999  
Smith 2002). In addition, previous studies reported a drop in absolute alpha power during rest with eyes 
open when caffeine was ingested at high doses (Deslandes et al. 2005• Siepmann and Kirch 2002). In our 
study, caffeine assessed in the saliva did not show detectable values (above the device's quantification limit 
= 2 µg/ml), suggesting that caffeinated drinks did not bias the observed results. 

Moreover, salivary cortisol was assessed because it has been shown that concentrations of cortisol within 
the blood or salive can vary spontaneously with EEG power across a range of G.5-14,0 Hz, which includes 
the alpha rhythm (Sannita et al. 1999). Our results showed no significant variations in salivary cortisol 
between sham and real exposure. 

In regard to electrical impedance, no differences were detected in all runs when comparing sham to real 
exposure sessions. Thus, the reported effects could not be related to differences in electrode impedance 
throughout the experiment, caffeine consumption before the experiment, or cortisol differences between 
groups. 

Conclusions. Exposure to GSM-EMFs of a mobile phone can influence human dominant alpha rhythms in 
a resting state. Our results showed a power decrease of alpha band during and after exposure to GSM- 
EMFs compared with sham exposure in an eyes-closed condition. These ftndings were not correlated with 
impedance electrodes, cortisol, or caffeine, factors that can influence alpha power. However, extended 
postexposure duration should be tested since the observed effect persisted until the end of the postexposure 
period. Furthermore, it is also important to stress the potential clinical significance of this effect. 
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Fig. 1. 

Qpen in a separate window 

'I'he experimental protocol ineluded thrce periods: preexposure, expotiure, and postexposure. Each voluntecr panicipened 
in twn recording sessions (shan and active exposure) in a crossovcr rnndomired douhle-blind desiga Llccirodenual 

rcsponse ( h;DK), opcn cycs (OI?), and closcd cycs (C'E) \vcre pcrlbnncd during resline 1?IiCi rccordings. 

Table 1. 

Statistical analyses of alpha band spectral power 

Open in a separate window 

For each period (before, during, and a0er), we performed a paired r-test for each electrode across all suhjects. 

Then, ttte frequency power values were averaged across all subjccts, and a paired r-tesr was performed on the 

averaged electrode values for rhe two conditions (sham/exposure). Comparisons were made between sham vs. 

real exposure (i.e., r>0 corresponds to a decrease, and r<0 corresponds to a power increase in the uvly exposed 

condition). 

Fig. 2. 

Qpen in a Pparate window 

Changes in thc clectrical impedancc of EIiG clcctrodes during shom (^) and exposcd (.) sessiom. I'he impcdanccs wcre 

maintained helow 5 kS2. Nosignilicant ditTerenees tcere detected comparine sham and real exposure in all rtmti. 

Table 2. 

Statisticai Gndings: electrode impedance with two factors: session (sham and exposed), electrodes 

(29 electrodes), and interaction between the two factors 

Qpen in a separate window 

Fig. 3. 

Qpen in a separate window 

I Icart ralc during open cycs ((113) and closed eycs (CI:) pcriods in sham and cxposcd sessions. Rc,ulta are cxpre,>ed as 

mcans f SI' 
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Fig. 4. 

4oen in a separate window 

Salivary conisol concentmtinn (ng/od) bcfore starting thc study protocol (TO) and eftcr thc cnd of thc protocol ('I'() in 
sham and exposcd scssions tor thc volttntecrs who attendcd thc experiment in the morning or in the allcrnoon_ 

Articles from Joumal of Neurophysiology are provided here courtesy of American Physiologicai Society 
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Febmary 1, 2013. 

Confcrence Chair and Presentcr (Curriculum Writing): Pennsylvania Academy of 
Family Physicians/Philadelphia College of Osteopathic Medicine Faculty 
Development Workshop for New Faculty; Lancaster, PA November I, 2012. 

Curriculum Writing: The Medical Center of Beaver, PA Family Mcdicine 
Residency Faculty Development Program; Beaver, PA November 5, 2009 

BOARD CERTIFICATION 
Diplomate of the American Board of Family Medicine, 2003, 2013; Certificate 
Numbcr 119684 

Diplomate of the American Board of Osteopathic Family Physicians, 2006, 2014; 
Certificate Number 13016 

PROFESSIONAL ORGANIZATIONS 
American Academy of Family Physicians 

Amcrican Collcge of Osteopathic Family Physicians 

Amcrican Ostcopathic Association 

Association of Family Mcdicine Residency Directors 

LICENSE 
Pennsylvania: OS 011862 Status: Active Expires: 10/2020 

ADMITTING PRIVILEGES 
Excela Health Latrobe Hospital (Activc) 

Exccla Hcalth Westmorcland Hospital (Courtesy) 

Exccla Health Frick Hospital (Courtcsy) 

Sclect Specialty Hospital Laurel Highlands (Activc) 


	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15
	Page 16
	Page 17
	Page 18
	Page 19
	Page 20
	Page 21
	Page 22
	Page 23
	Page 24
	Page 25
	Page 26
	Page 27
	Page 28
	Page 29
	Page 30
	Page 31
	Page 32
	Page 33
	Page 34
	Page 35
	Page 36
	Page 37
	Page 38
	Page 39
	Page 40
	Page 41
	Page 42
	Page 43
	Page 44
	Page 45
	Page 46
	Page 47
	Page 48
	Page 49
	Page 50
	Page 51
	Page 52
	Page 53
	Page 54
	Page 55

