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Please state your name and busincss address.
Michael Semelka

508 S. Church Street Mt. Pleasant, PA 15666

What is your occupation?

Family Physician

Where are you employed and what is your position?

Excela Health. 1 am the family medicine residency director.

Plcase describe your educational background.

Bachelors of Science in Bioiog)' at the Pennsylv:_m_ia State University, Doctor of
Osteopathic Medicine at Philadclphia College of Osteopathic Medicine, Family
Medicine Residency at the Medical Center ot_‘-Beavér, PA, Fellowship in Faculty

Development at Duke University.

Plcase bricfly describe your professional experience.

1 have practiced as a board certificd family physician since 2003,

Arc you McKenzic Jennings’ Primary Care Physician?

Yos.

Are you Susan Jennings’ Primary Care Physician?

Yes.



l adverse consequences in persons who are more susceplible thereto?
2 A, Yes.
3
4 17. Q. :Relalive lo an infrequent exposure to a pollutant, would the maximizing of
5 exposure duration Lo 24-7-365-forever likely produce more adverse effect?
"i?; 6 A. Yes.
F‘ | 7
- 8 1. Q In your medical opinion, does McKenzic qualify for Americans with Disabilities
9 Act (ADA) accommodations? |
10 A, Yes.
11

2 19 Q. Is an individual required 1o prove he has aiready been adversely affected before

| : i3 an accommodation through ADA is granted?
[ 14 A. I do not believe so.
s
16 20. Q. Mobile carriers classify non-ionizing radialion, also called radiofrequency (RF)
17 radiation, as a poilulant. T-Mobile’s Insurance Warranly Guide defines pollution
g I8 as, “_.arlilicially produced ionizing or non-ionizing, radiation and or
19 waste.”
'i 20 - Source: hitps; .phoneclaim.com/t-mgbile/pdf/Néew-Ts-and- Cs.pdf
:1 21 Given Lhis information, would you recommend that McKenzie be, or nol be,
' ._" 22 exposed [0 T-Mobile’s RF radiation al home?
23 A. I would recommend that he not be exposed to RF radiation.
24
. s
i
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Do you consider radio frequency radiation a pollutant?
Possibly.
Can a pollutant or toxin affect the central nervous systemn?

Yes.

Does this conclude your testimony?

Yes, although I reserve the right to supplement my direct testimony.
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Abstract

Background

The eflects of electromagnetic waves (EMWSs) on humans and their relationship with vanious disorders
have been investigated. We aimed to investigate the eflects of exposure to dilferent frequencies of
EMWs in various durations in a mouse epilepsy model induced by pentylenetetrazole (PTZ).

Material/Methods

Atotal of 180 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 [or 20
hours, 12 hours and 2 hours. Following electromagnetic radiation exposure, 60 mg/kg of PTZ was
injected intraperitoneally 1o all mice. Each control was also injected with PTZ without any exposure to
EMW. The latency of initial seizure 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 10
that in the 12- and 20-hour groups. There was no significant difference between 12- and 20-hour EMW
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" exposed groups. There was a significant difference between control and 2- and 10-hour EMW exposed

groups. No staustically 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 suggesl that acute exposure Lo 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 of elecromagnetic waves (EMWs) on humans and the relationship of EMSs with vanious
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 eleciromagnetic fields. All 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 effects of different frequencies of EMWs at various durations on time ol
seizure onset (seizure latency) and the most severe seizure latency in a mouse model of epilepsy
induced by pentylenetetrazole (PTZ) and 1o 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 after 10 A.M. Animals were kept at
24x1°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 after the same periods withoul 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 severily
was scored on a scale (rom 0 to 6.

Generation of EMWs

An antenna was used 10 generate EMWSs. The antenna intercepts the EMWSs and converts them into
electrical currents. A 0.5-mm diameter transmitter dipole antenna with electromagnetic field
frequencies of 900, 700, 500, 300, 100 MHz was [abricated for use in this experimental study [3].
Electromagnetic wave frequency was measured by a spectrum analyzer and {requency meter before the
dipole antenna generated eleclromagnetic waves.

: EXHIBIT A
Administration of pentylenetetrazole (PTZ)
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" PTZ 15 a convulsant drug used in experimental epileptic seizure models, which causes convulsions

similar to absence and myoclonic type seizures in humans when administered subcutaneousty,
intravenously, or intraperitoneally in mice and rats [6]. PTZ acts by binding 10 the GABA-
A/benzodiazepine receptor complex and blocks the GABA-gated chloride channels. Drugs efTective
against PTZ model exert their anticonvulsant effects through their eflects on T-type Ca*? 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 o 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. All mice were monitored for 20 minutes. The
seizure score was recorded according to the following scale; 0: No response, i: Ear and facial
twiiching, 2. Mild myoclonic jerks 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 seizure 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 1ests.

Results

The shortest initial seizure latency was noted at 500 MHz (p<0.05) and the longest ai 300 MHz
{p<0.05) in the 2-hour group. The shortest initial seizure 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 laiency 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 shorier 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 significant dilference between the control group and
the 2- and 10-hour EMW exposed groups, and no significant difference between controls and the 12-
hour EMW exposed group (Table 1). No statistically significant difference was noted in the mean
latencies of the most severe seizure laiency following 20-, 12-, 2-hour groups and the control groups (
Table 2).

EXHIBIT A
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Table 1

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

Open in-a separate window -

*The shortest and the longest latencies.

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.

Open_in a separate window

l

[

Discussion

There are several published studies on the efTfect of EMWSs on tumors [10,11], 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 EMWSs 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 [12]. Our finding is compatible with results of that sudy.

EMWSs are known to have a heating effect, which is more prominent at higher frequencies | 13).
Previous studies have reported that radiolrequency leads to an increase in body core temperature {14].
It has been shown that energy absorption occurs via radiofrequency waves in target organs, the
hypothalamic thermoregulatory center, and peripheral regions. Adair et al. used 450 MHz and 2450
MHz magnetic waves applied in humans, and found an increase in skin temperature | 13]. Chou et al,,
exposed rats 10 2450 MHz microwaves, and found that tail regions of the rats absorbed more energy
than the head or other body regions, and that specific absorption rates {(SAR) were higher in the
anterior hypothalamus compared to other brain regions {16]. 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 specific 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 harmful
effects | 17]. Body temperature was not measured in the current study. Different effects of EMW
exposure on seizure latency might be attributed Lo blood-brain barrier (BBB) damage caused by heating
effect of EMWs, but this effect was reported in studies using gigahertz-levels of EMWs [18,19]. We
did not perform any histological examination 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 [2!]. Hietanen et al. used 5 different models of cell phones and did not find any significant
changes in resting EEG, but noted some EEG changes during memory tests [22]. Vorobyov et al.
compared the effect of scopolamine in the electroencephalogram of rats and found that repeated low-
level exposure 10 extremely low frequency microwaves can alter activity of the cholinergic system in
the brain [23]. In our study we did not perform EEG recording.

Some studies have investigated the efTects of EMWSs on nervous system tissue. Carballo-Quintés et al.
found c-fos and glia} markers were increased by the combined stress of non-thermal irradiation and the
toxic effect of picrotoxin on cerebral tissues exposed to 900 MHz [24]. In study of Lépez-Martin et al.,
900 MHz GSM radiation stimulated c-fos expression in different areas of the limbic sysiem 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) [23]. Also, adverse effects of [ree radicals on myocardium have been
shown previously |26]. Tissue investigation was not performed in our study.

Servantie et al. investigated the effects of 5+1 mW/cm? 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 |2- and 20-hour groups. These resulis

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

Previous studies have shown a trigger effect of EMWs on seizure activity [4,7]. Our resulis also
showed a trigger effect of EMWs on seizures by shortening initial seizure latency. However, there was
no significant effect on most severe seizure latencies. This suggests that EMWs affeci only seizure

threshold, without any effect on seizure severity.

Canseven et al. did not find any efTect of 50 Hz EMWs on PTZ-induced epileptic seizures [28|. Among
our study groups, the shortest initial seizure latency was 9.5+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 significant
efTects on initial latency of epileptic seizures. This result may indicale 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 effects of EMW exposure
generated by cell phones and other electromagnetic devices used in everyday modern daily life.

Footnotes

Statement
There is no conflict of interest in this study.
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Source of support: Self financing
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Effect of 450 MHz Microwave Modulated with 217 Hz on Human
EEG in Rest

MAJE BACHMANN"
Biomedical Engineering Centre, Tallinn University of Technology, 5 Ehitgjate Rd, 19086 Tallinn, Estonia

MAKSIM SAKKI and JAAN KALDA
Institute of Cybernerics ai Tallinn University of Technology, 21 Academy Rd, 12618 Tullinn, Estonia

JAANUS LASS, VIIU TUULIK and HIIE HINRIKUS
Biomedical Engineering Centre, Tulling University of Technology, 5 Ehitajate Rd. 19086 Tallinn, Estonia

Summary. This study focuses on discrimination of changes, produced by low-level microwave exposure in
intensity and time variability of the human EEG at rest. The power spectral density (PSD) method and nonlinear
scaling analysis of the length disiribution of low variability periods (LDLVP) were sclected for analysis of the
EEG signal. During the study, 19 healthy volunieers were exposed 1o a microwave (450 MHz) of 217 Hz frequency
on-ofT modulation. The field power densily at the scalp was 0.16 mW/ecm?. The experimental protocot consisted of
ten cycles of repelitive microwave exposure. Signals from frontal, temporal, parietal and occipital EEG channels on
EEG thetz, alpha and beta thythms were analysed. Exposure to microwave causes average increasc of EEG aclivity.
LDLVP analysis discriminated significant effect in time variability for 2 subjects {11%). PSD method detected
significant changes in intensity for 4 subjects (21%). The effect of low-level microwave exposure is sironger on
EEG beta rhythm in temporul and parictal regions of the human brain.

Kevwords: EMF effects. nonionising radiation. microwave radiation, time variability, scaling analysis,- spectral
analysis. EEG rhylthms

1. Introduction 2003; Salford ef al., 2003). Except in unhealthy ani-
ficial conditions, the effect of cleciromagnetic field is
weak and difficult-to-detect. With carefully planned

measurement technique and recording protocol. the

Starting with the new era of portable lelecommunica-
lion solutions, anificial electromagnetic fields present

stronger radiation than the fields created by natural
sources. For most of the time, people may nol be
aware of such radiation, so they solely rely on safcly
standards.

Modulated microwave radiation at non-thermal
level of field power density can affect human central
nervous system in a sensible way (D' Andrea et ai.,

*Address for comrespondence: Biomedical Engincering Centre,
Tallinn University of Technology 5 Ehitajate Rd, 19086 Tollinn,
Estonia. E-mail: maic @cbaruce

measurement of the bioelectrical aclivity of the brain
has been proven to be one of the most successful ones
and selected as our primary data sowrce. The mea-
surement and data analysis musl take into account
the normal Auctuations of EEG signal and presence of
other complicaie detectable fuctors. Thus, quantitative
measures should be carried out to estimate Lhe overall
effecl.

During recent years, non-thermal effect of low-
level electromagnetic field on human nervous sysiem
has become a subject of discussions. The reports of
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possible non-thermal effects are often contradictory.
Several investigalors have reported that low-level ex-
pusure produces altecations in the EEG signal and brain
hehavior (Bawin et al., 1973: Vorobyov et al., 1997,
Mann ef ai., 1996; Wagner ef al., 1998; Huber et af.,
2000; Lass et al., 2002; Hinrikus et al., 2004). The
conclusion reporied by the other researchers is that
the exposure 10 electromagnetic field does not alter
the resting EEG (Hiclanen ef af., 2000; Krause ef ai..
2000: Krause et al., 2000). Mechanisms behind the
cffects are still unclear and the question about the ex-
istence of any feasible effect of a low-level radiation
on brain bioelectric aclivity has been left open.

In our previous studies the relalive changes in the
EEG rhythms energy, mainly in theta and alpha bands.
were investigated and effect, produced by microwave
cxposure, reported (Hinrikus ef af,, 2004). Modula-
lion of microwave at 7 Hz frequency, which belongs to
the band of physiological frequencies of the brain, was
applied. However, those results did not present statisti-
cally important changes. Likewise, the power spectrum
analysis could not differeatiate sham recordings from
recordings under the influence of microwave stimula-
tion a1 7 Hz on-off modulation. However, nonlincar
scaling analysis of the length distribution of low vari-
ability periods (LDLVP} detected significant elfect of
exposure to the EEG signal for aboul 25% of subjects
(Bachmann ef al., 2005). Increase in EEG variability,
caused by microwave exposure, was reporied.

The analyzed frequencies are lower. than moduli-
lion and pulse frequencies in technical systems. There-
Tore, here we study the physiological effect of the mod-
ulation frequency 217 Hz. To this end. we compare
the EEG signals recorded at the presence of a mod-
ulated low-level microwave field, with sham signals.
217 Hz is the GSM signal’s pulse frequency and the
population is most widely exposed 1o microwave mod-
ulated a1 that frequency. The mechanisms of low-level
microwave interaction with biological tissues are not
¢lear. Therefore, il is not possible o predict the char-
icler of changes in brain bioelectrical activity, caused
by microwave exposure. The effect could be related 10
stimulalion or depression of the bruin activity, which
leads to changes in intensity of the EEG signal. The
elfect could be related to changes on neurons spik-
ing lrequency or processes in synapses, which leads
to changes in time variability of the EEG signal. Ex-
perimental effects that depend on low frequency mod-
ulation of microwave radiation can also be related to
more complicaled nonlinear responses in biological

tissuc and living cells (Balzano er al.. 2003). There-
fore, two different metheds for analysis of the EEG
signals were used in this study: the first for discrimi-
nation of changes in intensily, and the second for dis-
crimination of changes in time variability of the EEG
signals.

The intensity of the EEG signal is most completely
described by power spectrum of the EEG signal. The
power spectral density method, a widely used method
in quanttative EEG, was selected for intensity analysis
of the EEG sigaals. The powcrs of EEG theta. alpha
and beta rhythms bands were analyzed.

The LDLVP analysis provides a simple roule to de-
tecting lhe mullifractal characteristics of a lime-series
and yields somewhat belter temporal resojution than
the traditional multifractal analysis. Thus, it can be
expected that this method is sensitive wilh respect lo
small “hidden™ changes in such a complicated physi-
ological signal as EEG. The LDLVP method was se-
lected for time variability analysis of the EEG signals.

The hypothesis, evaluated in this study. is that mod-
ulaied at 27 Hz microwave cxpostre increases vari-
ability of the EEG signal and causes changes in the
power spectrum of the human EEG.

2. Method and equipment

2.1, Subjecis

An experimental study was carried out on a group of
volunteers. The group consisted of 19 heallhy. young
people (aged 21-24): 8 male and 11 female. Their
physical and mental condilion (tiredness, sleepiness)
before the experiment was evalualed by a question-
naire and a clinical interview. After the recordings.
they described how they felt during the experiment.
The subjects reported neither alertness nor any strain
experienced during the recordings.

The experiments were conducted with the under
standing and writien consent of each subject. The study
was conducted in accordance wilh the Declaration of
Helsinki and has formally approved by the local Med-
ical Research Ethics Commitiee.

The measurements were perfoaned in a dark labo-
ralory. bui no ether special conditions were provided.
The subjects lay in a relaxed position, with eyes closed
and cars blocked during Lhe experiments.

All the subjects were exposed and sham exposed.
Only one experimental EEG recording was performed
for a subject during a day. The measurements were
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double blinded. During each test session, the exposed
and sham-ex posed subjects were randomly assigned.
The subjects were not informed of their exposure:
however. they were aware of the possibility of being
exposed. Subjective fuctors were also excluded from
lhe computer-performed data analysis: the same algo-
rithms were applied for ali the recordings (both for
exposed and sham-exposed subjects).

2.2, Microwave exposure

The modulaled microwave radiation at non-thermal
level of field power density, identical to our previous
studies, excepl modulation frequency (LASS ef al..
2002), was used. Microwave exposure condilions were
lhe same for all subjects. The 450 MHz microwave ra-
diation was {00% amplitude modulated a1 217 Hz fre-
quency (duty cycle 50%). The | W EMF oulput power
was guided by a coaxial lead to the 13 cm quarter-
rhythm antenna, Jocated 10 cm (rom the subject’s skin
on the left side of the head.

Estimated field power density al the skin way
0.16 mW/cm?. The level of power density was so low
that thermal effects were extremely unlikely.

2.3.  Recording privtocols and equipment

The study consisted of two experimentul protocols,
identical for all subjects. The first protocol was
recorded as described below.

First. the reference EEG was recorded over 60
. Secondly. modulated microwave radialion was ap-
plied. The duration of the exposure was 60 5, and the
compensatory pause after Ihe exposure was 60 s. Con-
tinuous EEG recordings were made during and 60 s af-
ter exposure. The procedure of the cycle was repeaied
ten times. The microwave exposure was swilched on
every first 60 s of the cycle. During ten cycles of mi-
crowuve exposure. the modulation frequency always
remained a1 217 Hz.

The recording protocol for one subject lasted for
21 min. during which the EEG was continuously
recorded.

The second protocol for the sham-cxposure in-
cluded the same steps. except that the microwave gen-
erator was swilched off.

The Cadwell Easy [I EEG measurement equip-
ment was used for the EEG recordings. The EEG
was recorded by means of 19 electrodes, placed on
the subject’s head according 10 the intemnational 10—

20-electrode position classification system, with Cz as
reference. The recorded EEG signals were examined
by an experienced neurologisi. Artifacts were detected
by visual inspection. The recordings containing mul-
tiple artifacts were removed. and the whole recording
was repeated.

For the analysis. EEG spectrum 0.5-40 Hz was se-
lected, us the results of the preceding validation of the
set-up confimmed the absence of modulation compo-
nents, caused by parasitic interference between EEG
and radio frequency equipmenl.

2.4.  Selection of signals

Recordings from the following channels were selected
for further power analysis: frontal: FP1, FP2; lemporal:
T3, T4; panietal: P3, P4; occipital: O1. O2. For scaling
analysis, only channels FP1 and FP2 were used, as for-
merly shown, the results from different EEG channels
did not differ (Bachmann et al., 2005).

Initially. all the EEG recordings were divided into
two sub-signals. The recordings performed with the
first recording prolocol were divided as follows: the
first subsignal comained all 1 min periods without mi-
crowave exposure (all the odd minutes from the initial
EEG recording); the sccond subsignal contained all
minutes with microwave exposure (all even minules
of the initial EEG recording).

The recordings performed with the second record-
ing prolocol {sham) were divided similarly: the first
sham subsignal contained all the odd minules: the sec-
ond sham subsignal contained all the even minutes of
the initial recording.

2.5, Sculing anaivsis of the EEG signal based
on the LDLVP method

The LDLVP method has been used and described in de-
Lails in our previous studies (Kalda er al.. 2001 Siikki
er al., 2004; Bachmann et al., 2005). The analysis con-
sists of several steps.

First. we define the local variability as the deviation
of the current value of the signal from the local average.
The time-window width T, tor the local average, is a
free (adjustable) parameter. For EEG signals, a reason-
able value is provided by T = 60 ms, cf (Bachmann
el al., 2005).

Secondly, low-variability periods are defined as
continuous intervals where local variability is smaller
than dg. The value of 8p was adjusted for each record-
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ing individually. reaching a minimum value so that,
for both subsignals, the lenglh of the longest low-
variability period was at least 3750 ms.

Finally, the number of low-variability periods N
exceeding length Ty is plotied against length Ty.

The weighted area of the funciion T = To{N} was
selected as the non-linear quantitative measure.

2.6.  Power spectral density analysis

The power spectral density (PSD) was estimated by
means of Welch's averaged periodogram method. The
subsignals were divided into overlapping sections
{50%). with a length of 2048 points, and windowed
by a Hanning window.

Aflterwards. the power W, was computed for each
subject {indexed by n € [1. 19]), subsignal (indexed by
m =1, 2) and frequency band (f = & [or theta band
[4-8 Hz], f = o foralpha band [8-13Hz]and f = 8
for beta band |13-40 Hz] ). as the area under the spec-
trum for the corresponding frequency band (integral of
the band).

To locate the possible influences of microwave ex-
posure, difference of two sub-signals was selected as
the PSD measure for further analysis.

The same procedure was repealed with sham sub-
signals, resulting in speciral powers Wnr-

2.7.  Swistical analvsis

For sham recordings, subsignals were completely
equivalent. According to the “zero hypothesis™, the
EEG recordings of subjecty under microwave expo-
sure canno! be distinguished from sham signals. Con-
sequently, il the zero hypothesis is true, the ratio of the
computed power difference to the standard deviation
of the differences is an f-distributed random quantity
and it can be used as a quintitative measure, showing
how well the zero hypothesis is satisfied; respective
p-values are obtained by means of the cumulative f-
distribution.

The same technique has been applied to Lhe non-
linear quantitative measure (derived from LDLVP), re-

sulting in another series of p-values.

3. Results

The results of LDLVP analysis for a subject are pre-
sented in Fig. 1. The number of low-variability pe-

—
. >,
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. !

175 125 Ltms) 375 1250 3750

Figure §.  The number of low-variahility perionds N exceeding the
length Ty for a significam subjoer; Line |—second sub-signal off
exposed recording (imervals with microwave: line 2—first sub-
signal of exposcd rocording (intervals without microwave).

riods N cxceeding the length T; is plolied versus the
length T for the first and second sub-signal forexposed
recording. As can be seen, microwave exposure low-
ers the curve at the right-hand part of the graph (large
values of Ty). Such a change in curve indicates that
microwave exposure increases variability of the EEG
signal: owing to higher V?Jﬁabilily there are fewer long
low variability periods.

Figure 2 prescnls Lhe average values of calcu-
lated relative changes in PSD measures for differ-
cnl frequency bands. for exposed and sham record-

" ings. While in sham recordings the power in theta fre-

quency band increases. the power decreases for alpha
and beta frequencies. Average values of the measure
for microwave-exposed recordings are always posilive,
therefore, the power of all frequency bands is increas-
ing during microwave stimulation.

Statistical anatysis of the PSD and LDLVP quan-
filalive measures lor microwave-exposed and sham
recordings, were calculated for each subject. The ralio
of the compuled power differcnce to the standard de-
viation of dilTerences of more than three, and p values
not larger than 0.001 were considered as significant
devialions from the zero hypothesis.

The analysis based on the PSD measures resulted
in the ratio of the compuled power difference (o the
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Figure 2. Caleulated relative changes in intensity between exposed and non-exposed segments of the EEG signals on main EEG rhythms,

Vertical bars denate 0.95 confidence intervals.

standard deviation of differences (calculated on the ba-
sis of sham signals) being higher than three for 12 cases
in the case of microwave exposure. For sham record-
ings, 2 cases were significant. The analysis based on
the LDLVP measures for exposed recordings resulled
in the ratio of the computed power difference to the
standard deviation of differences exceeding the value
of three for 2 subjects and for no subjects in case of
the sham recordings.

All of the results. except for two cases in frontal
region (PSD measuores), remain significant even af-
ter apptication of the modified Bonferroni comection.
The number of subjects having significant results af-
ter Bonferroni correction for microwave exposed and
sham recordings are presented in Table 1. As for
PSD measures, lhere was no significant result for
theta and alpha frequency band, only beta band is
presented.

Table . Number of subjects with significant tesulis after Bon-
Ierroni comection in the case of microwave exposed and sham
recordings

Method ~ LDLVP PSD
Frequency  fu) EEG beta
band

Channel EPIFP2 FPL FP2 T3 T4 P3 P4 01 O2

Exposed 2 0 0 3 4 2 |
Shamn 6 0 0 1 1 ¢ 0 0 0

4. Discussion

LDLVP measures resulted in significant results fortwo
subjects in the case of microwave exposure and for
none of the subjects in the case of sham recordings
(Table 1). Accondingly. significant effect of exposure
to the EEG signal was detected for about 11% of sub-
jects. However, for one subject under the exposure.
the computed LDLVP weighled area decreased and
for other. it increased. For both subjects, the departure
from the sham behavior is statistically reliable. This is
somewhat different from what has been observed for
the modulation frequency 7 Hz. when the sign of the
departure was always negalive (corresponding lo in-
creased variability) (Bachmann et a!l., 2005). This ob-
servation gives us a hint that the physiological effect of
the microwave stimulation depends on the modulation
frequency (at least there is a difference between the
7 Hz and 217 Hz frequencies).

The PSD measures exceeded the Hmitof significant
deviation from zero hypothesis only in beta frequency
band (Table 1). In temperal region, the PSD measures
provided the most results: 3—4 cases out of 19, ~16—
21%. The influence was somewhat smaller in parietal
region: 1-2 cases out of 19, ~5-11%. The fronta re-
gion did not present significant changes afier Bonler-
roni correction, while occipital region did not present
any significani change.

As for sham recordings. the PSD measure resulted
in significant results for one subject in channel 73 and



EXHIBIT B

170 Bachmann el al.

in T4. However. those were very close 1o the limit of
significance —0.05—and therefore. can be arguably
explained with the statistical variability.

Looking at the average values calculated for sham
recordings (Fig. 2). one cun see thal the resuls are
in a good agreement with the findings of Maltez et
al.. 2004, They showed that alpha and beta power de-
ereased towards the end of recording session during
resting conditions. while delta and thela power showed
u systemalic increase. Excepl for delta power, which
was nol under investigation., our results showed the
sume rend.

However. average values for microwave-cxposed
recordings reveal an increase of power for all frequency
bands. For theta frequency band the Jevel is almosi the
same as for sham recordings. referring probably o the
normal time course and vanability of power. Al the
same time. the average values for alpha and beta band
are opposile from sham, implying 10 the influence of
microwave stimulation by increase of power.

The analysis by the LDLVP and PSD methods de-
tected the effect of exposure for about 11 and 21%
of subjects respectively. For instance, the rate of mul-
tiple chemical sensitivity (MCS) occurrence is csli-
mated to be between 2 and 10% in the general popu-
lation {Cullen, 1987). MCS is characterized by recur-
rent symploms involving multiple organ systems and
occurring in response o demonstrable exposures to
multiple chemically unrelaled compounds at doses far
below those established 1o cavse harmful effects. Tak-
ing this into consideration. low-level microwave ex-
posure influences ¢ven higher pan of population than
multiple chemically unrelated compounds.

Concluslon

1. Modulated a1 2)7 Hz Jow-level 450 MHz mi-
crowave exposure produced statistically signifi-
cant changes in time variability and intensity ol
the EEG signal for 10-20% of healthy subjects.

2. The effect of low-level 450 MHz microwave ¢x-
posure is stronger on EEG beta rhythm in tempo-
ral and parictai regions of the human brain.

3. Exposure lo modulated at 217 Hz low-level 450
MHz microwave causes average increase in EEG
activily.

The mechanism of these changes is not clear and the
effect needs further investigation.
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Abstract

This study focuses on the effect of low leve!l 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 régu!ar 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.
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Alterations in Human EEG Activity Caused by
Extremely Low Frequency Electromagnetic Fields

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

Abstract—This study has investigated whether extremely
Jow freguency (ELF) electramagnetic fields (EMFs) can alter
human brain activity. Linearly polarised magnetic flux density
of 20uT {rms) was gencrated using a standard double
Helmholtz coils and applied to the buman head over a sequence
of | minute stimulations followed by one minute without
stimulation in the following order of frequencies 50, 16.66, 13,
10, 8.33 and d4llz We coltected recordings on 33 human
volunteers under double-blind counter-balanced conditions.
Each stimulation lasted for two minutes followed by one minute
post-stimulation EEG recording. The same procedure was
repeated for the EMF control sessions, where the order of
control and exposore sessions was determined randomly
according to the subject’s D number. The rest period betwecn
wo conditions (exposure and control) was 30 minutes. The
results indicate that there was a significant increase in Alphal,
Alphal, and Betal at the frontal brain region, and a significant
decrease in Alpha2 band in parietal and occipital region due to
EMF exposure.

1. INTRODUCTION

Sevcra] studies have been conducted to asses whether
cleciromagnetic field (EMF) exposures al characteristic
frequencies of brain electrical activity could influence
allerations in the EEG and other physiological parameters.
Studies on 16.66 Hz and 50 Hz have reported adverse effects
on humans and animals [1]-[4]. A single-blind study on 61
volunteers cxposed 1o alternating 3tz magnetic field of
0.lmT for 20 minutes caused relalive speciral power
increase at theta and alpha EEG bands and decrease in beta
EEG band at the occipital head regions [5]. It was previously
reporied that applications of clectromagnetic fields (EMFs)
in the range 0-60Hz and intensity 20 — 100 pT, altered EEG
activity in animals and human subjects during 2-second
exposure epochs [6]. It was concluded that a weak EMF
applied continuously to human subjects for 10 minutes
resulted in a reduction in brain electrical activity at (he
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frequency of the EMF during the 1-minute interval following
termination of the field. A similar study reported on the
effects of 1.5 and 10 Hz EMFs, 20- 40uT, and the results
indicated allered brain EEG activity |7]. A recent double
blind study on 20 subjects suggested that exposure to ELF
magnetic lelds altored human EEG activity, specilically
within the alpha frequency band (8-13Hz) [8]. The findings
indicated thal alpha activity was significantly higher over the
occipital electrodes and marginally higher over the parietal
electrodes at post-exposure.

The purpose of this sludy was to investigate whether
combined extremely low frequencics EMFs (50, 16.66, 13,
10, 8.33 and 4Hz, in that order) which have previously been
investipaled in literature only as individual frequencies,
could cause changes in the EEG activity under double-blind
and counter-balanced conditions.

II. MATERIALS AND METHODS

A. Design of Helmholiz Coil Mugnetic Field Exposure
Apparatus

The prefiminary [9],[10] and [inal studies investigated
whether multiple sinusoidal extremely low frequency (ELIT)
{50, 16.66, 13, 10, 8.33 and 41z) lincarly polarised magnetic
flux density of 2040.57uT (rms) applicd to the human head
over a non-continuous period of 12 minute, could causes
alterations in the EEG rhythms on 33 human volunteers |1 }].
Standard circular Helmholtz paig of coils have been designed
10 pass the current of approximately 140mA. The total coll
impedance was 71 Q, designed with average radii of 65cm,
copper wire ol 0.8mm in diameter and 250 tumns each. A
signal geperator effective in producing high guality sine
wavelorms of high stability/accuracy ELF signals was
designed and developed using EXAR XR-2206 monolithic
1C. Alsa, an audio amplifier was designed and constructed
with the approximate gain of 10 to deliver suflicient current
to the coils. The magnetic flux density was venilied by direct
measurement using “Wande! and Goltermann™ EFA-200
EMF  Analyser. The linearly polanzed filed was
perpendicular to the Earth’s North-South magnetic field.

B. Subjects and EEG Montages and Proceduires

The final experiments were conducted on 33 healthy
subjects, 24 male and 9 female, with mean age of 30 years,
SD 11 years, range 20-59 vears. The RMIT ethics committee
approved the study and all subjects gave written informed
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consent prior to the experiment. During the EEG recording
sessions, subjects were asked 1o lie down between the coils
in saggital plane direction perpendicular to the coil axis and
in the supine position. The entire experiment was performed
in a darkened and sound prool RF ancchoic chamber Lo
prevent erroneocus recordings due 1o the standing waves and
power line interference.

C. EEG Recording and Experimental Protocol

The EEG equipment used threughoul testing was the
Mindset MS-1000 recording system. Neuroscan 19 Channel
Caps electrodes were used with referential montage of 16
channels. The left brain hemisphere clectrodes: Fpi, F7, F3,
T7, C3, P7, P} and O] were all referenced to M1 (lefl
mastoid), while the right brain hemisphere electrodes: Fp2,
F8, F4, T8, C4, P8, P4 and O2 were referenced to right
mastoid M2. The baseline EEG was recorded prior 1o any
stimulation for one minute. Each stimulation (50, 16.66, 13,
10, 8.33 and 4Hz) lasted for (wo minutes followed by one
minute post-stimulation EEG recording. Therefore, 101al
length of an cxperiment was 19 minutes. The same
procedure was repeated for the EMF control sessions. The
order of control and exposure sessions was determined
randomly according 1o the subject’s [D number, Subjects
with odd 1D numbers were first tested with control ¢condition
(no IIMF exposure) [ollowed by EMF stimulation afler 30
minute break. Double-blind counterbalanced condition was
exercised. The two EMF sessions were highly considered in
the analysis as a factor that might reveal that ifthe 1 session
was EMF exposurc, the EEG activily results during the 2™
EMF control session could still be influenced or dependent
on the results of the 1% EMF exposure session.

1. SIGNAL PROCESSING AND STATISTICAL METHOD

All the collected EEG dala was processed using Matlab
tool. The main Matlab script was written to process all 16
channel EEG dota of all subjects and generate valuable
parameters that would be used in the further statisticat
analysis, such as Total spectral power of cach stimulation
EEG data (i.e. before, S0Hz, 16.66Hz, 13Hz, 10Hz, 8.33Hz
and 4[1z); Specral power in the stimulated band,
before/after; Central band frequency before/afler and
Relative diflerence “ratio” between the individual band and
lotal spectral power beforc/after. Spectral function was
written to compute the windowed discrete-time [Fourier
transform of a signal using a sliding window. The EEG band
intervals were as Theta (3-5Hz), Alphal (7.5-9.5Hz), Alpha2
(9-1111z), Betal (12-14Hz), Beta2 (15.5-17.5Hz) and
Gamma (49-31Hz). Dclta and Gamma band data was
excluded from this particular analysis. We compared the
EEG activity “before” and “after” stimulation for each
frequency stimulation and band. Throughout this method,
“before™ stimulation EEG data was regarded for every next
recording of the “after”. For cxample, if 1® recording was
before any stimulation, 2* was 50Hz stimulation (gamma

band), 3" was 16.66Hz stimulation (beta2 band). The seript
used for this signal processing computed ajl the parameters
mentioned above as 1 second epochs, maximum of 60
epochs per recording. Throughout this investigation, only the
relative difference (ratio) parameter between the individual
bands and 1otal spectral power (before and afler) was used
for the statistical analysis.

IV. RESULTS

Multiple paired samples 2-tailed t-tests and ANOVA’s
3-way mixed design lor within and between-subject
measures were cmployed. The {actors considered were the
“before and after”, “exposure and control” and “first and
second session.” The first tesl conducted was for the first
session of EMF exposure and there were 16 subjects used for
this session. The second 1est was the second session EMF
control (df=15), the third test was the first session EMF
control (df=/6) and the fourth test was the second session
EMF exposure (df=16).

A. EMF Exposure followed by EMF Control Resulrs

In Alphal band and 8.33Hz stimulation under EMF
control (2™ session), f-est results revealed a significant
relative difference increase from before 1o afier at T7 (W15
-2.397, p<0.030). ANOVA test revealed a significant
difference for the interaction between exposure/control and
sessions factors (T7) (F(1,31)= 5.992, p<0.020). In Alpha2
band afier 10Hz stimulation, 2™ coalrol session, the relative
difference has decreased, highlighted by a high diflerence
observed in parietnl and occipital regions, P3, that the
relative difference a1 before (M=0.1789, SE=0.0201) was
significantly higher than alier (M=0.1573, SE=0.0140),
(15 3.081, p<0.008. At P4, the relative diflerence before
(M=0.1861, SE=0.0223) was signilicantly higher than alier-
(M=0.1510, SE~00134), W(I5F 2.812, p<0.013. The
occipital regions, O} before (M=0.1399, SE=0.0156) and
after (M=0.1243, SE=0.0111), ({15} 2.256, p<0.039; and
02 before (M=0.1383, SE=0.0137) and afier (M=0.1203,
SE=0.0104), 1(15)= 3.283, p<0.005, as shown in Figure I.
There was a largest decrease in relative difference [rom
before to after by 12% (P3), 18.4% (P4), 11.2% (O1), and
13% (02) than at any other clectrode and stimulation. The
J-way ANOVA revealed a significant difference at the
interaction between exposure/control and sessions (P3)
F(i.31)= 11.918, p<0.002 and the main factor before/ alter
F(1,31)= 5.230, p<0.029. AL P4 clectrode, a significant
differcnce belween exposure/control and sessions was
F(1,31)= 14.827, p<0.0601 and before/afler IF(1,31)= 4.406,
p<0044; O} revealed  F(1.31)=9.346, p<0.005
(exposure/control and sessions); and O2 F(1,31)= 13.071,
p<0.001. The t-test results for 13Hz stimulation in Betal
band revealed no significant differences at any electrode, as
shown in Figure 2,
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Figure 1. The Relative Dillerences Versus “Defore™ and "After” Results Represented at 10Hz Stimulation in a Alpha2 band for EMF Exposure/Contral and

First/Second Session Conditions.
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Figure 2. The Relative Differences Versus “Before™ and "After” Results Represented at $3Hz Stimulation in a Beta) band for EMF Exposure:Control and

First/Second Session Conditions.

For the 1 EMF exposure session, the i-test results revealed
a significant increase at Fpl, Fp2, F7, F3 and C3 for 13Hz
stimulation in Betal band. At F7 before, t(1,15)= -2.798,
p<0.014; F3 before 1(1,15)= -2'659, p<0.018; and C3 beforc
t(1,15)= -2.391, p<0.030. There was an increase in relative
difference from before to after by 10.1% (Fpl), 8% (Fp2),
8.4% (F7), 10.8% (F3) and 9.3% (C3). The ANOVA results
revealed a significant differences between before and after
main factors 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<0.000!: and C3
(NS). In 1* EMT exposure Betal band (13Hz), ANOVA's
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significant results for before and afler main factor, were very
similar with the t-test’s resulis.

B. EMF Control followed by EMF Exposure Results

For the 2* EMF exposure session, the t-tests were
conducted for 8.33Hz stimulation in Alphal band, that
relative difference at electrodes Fpl, F7, F3, F4 and C4 was
significantly higher before than after stimulation. The results
of t-tests were: F7 before 1(1,16)= 2.120, p<0.050; 3 before
t(1,16)= 2.862, p<0.011; F4 before t(1,16)= 2.682, p<0.016;
and C4 before 1(1,16)=2.872, p<0.011. There was a decrease

Althorized licensed use bmted to: AMIT University. Downioaded on Novernber 25, 2008 at 2209 from IEEE Xplore. Restrictions appty.
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in relative difference from before to afier by 11.1% (Fpl),
11.3% (F7), 10% (IF3), 9.8% (F4) and 8.8% (C4). The
ANOVA results indicated a significant difference at: F7
F(1,31)=6.485, p<0.016 (exposure/control and sessions) and
F(1,31)= 4485, p<0.042 (before/afler and sessions); F3
F(1,31)y=4.524, p<0.041 (exposure/control and sessions) and
IF(1,31y= 4.297, p<0.047 (before/after and sessions); 4
F(1,31)= 11.554, p<0.002 (exposure/control and sessions);
and C4 F(1,31F 5.121, p<0.031 (exposure/control and
sessions) and F(1,31)=6.035, p<0.020 (belore/after and
sessions). Under the 2™ EMF exposure session, the (-lest
revealed a significant diflference between before and aller
stimulation of 101z in Alpha2 band at F4, where a relatve
difference was higher before than afier the |0Hz stimulation
((16)=-2.130, p<0.049, as shown in Figure 1. ANOVA
revealed a significant difTerence for the interaction between
exposure/control and session’s factor, F(1,31)= 11.043,
p<0.002. For 13Hz stimulation, there was no significant
dilference.

V. DiscussioN

The statistical EMF exposure/control tests have been
conducted and the summary of its entire hypothesis tested
have been illustrated in Figure 3.
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Figure 3. Summary of All the T-est Significamt Relative Increase/Decrease
for the Standard EMF Exposure/Control and First/Sccond Session
Conditions at [ndividuat Bands/Stimuli and Elecirodes.

The alternative hypothesis test for EMF Exposure 1% and
Control 2* session resulls signify a possibility that the EEG
activity could remain altered for at least 50 minutes after the
cxposure (30 minutes break between (he exposure and
control conditions with additional 20 minutes for EMF
control EEG recordings and stimulations). For the corrected
alpha rate value of muluple tests, Bonferroni test was used
with the new modified alpha rate of p<0.0025. No signiftcan
differences were observed as a result of this correction.
However, the final analysis results suggest that EEG activity
in Alphal, Alpha2? and Betal band could be altered due to
EMIF  exposures, which are mainly associated with
stimulation frequencies of 8.33, 1¢and 13Hz

VI. CONCLUSION

The results from the EEG study on 33 subjects have
indicated that under the first EMF exposure there was a shifi
from a significant increase in Betal band at frontal region of
the brain to a significant decrease in Alpha2 band at the back
region (parietal and occipital) under the posi-EMF exposure.
However, when the subjects were exposed o EMF after 60
minutes of rest, they exhibited a decrease in Alphal 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
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Abstract

The aim of the present work was to investigate the effecis of the radiofrequency (RF) electromagnetic
fields (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 caffeine. Eyes-open and eyes-closed resting EEG
data were recorded in 26 healthy young 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 collecied before and after the study. Salivary cortisol and
caffeine were assessed by ELISA and HPLC, respectively. The elecirode impedance was recorded at the
beginning of each run. Compared with the sham session, the exposure session showed a statistically
significant (P < 0.0001) decrease of the alpha band spectral power during closed-eyes condition. This
effect persisled 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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EMERGING TECHNOLOGIES IN MOBILE telecommunications, such as radio frequency fields (RF) and
microwave radiation, are widely used in our modern society. Prominent examples are the wireless Internet
network and mobile phone communications, which are particularly widespread. The extensive use of
mobile phones (MP) increases the exposure of human beings Lo radiofrequency electromagnetic fields.
During a phone call, given the close proximity of the MP 1o the user's head, a part of the electromagnetic
field (EMF) can be absorbed by the head and the brain (Schénbormn el 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, indicating the existence of exposure
effects on the alpha bands of the resting EEG.

Indeed, data reported by some authors showed an increase in EEG power in the alpha [requency band
(Cook et al, 2004; Crofl et al. 2002, 2008, 2010; Curcio et al, 2005; Hinrikus et al. 2008; Huber et al.
2002, Kramarenko and Tan 2003; Regel et al. 2007; Reiser et al, 1995), whereas other studies reported a
decrease in EEG power or coherence in the alpha band (Maby et al. 2006; Perenios et al. 2013; Yecchio et
al. 2007, 2010, 2012). Finally, other studies failed 1o show an effect on EEG power in the alpha bands !
(D'Costa 2003; Hietanen et al. 2000: Réschke apd Manp, 997, Perentos el al, 2007).

As the literature cited demonstrates, the most consistent effect 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 of different 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 reported
by Loughran et ai, (2012), individual variability is also one of the important factors that may explain the
discrepancies between the results.

Moreover, several other parameters 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 turn, causes heating of the skin and underlying tissue (Anderson and Rowley 2007; Ghosn et al.
2012, Straume el al. 2005). As exposure 1o heat causes the dilation of blood vessels, this phenomenon may
result in a change in the skin impedance (Luck 2005), which, in tum, could explain some observed
changes in the recorded EEG power.

In addition, changes in the alpha band power are related to changes in parameters, such as cortisol or
cafTeine, which, to our knowledge, have never been concretely measured in relation 1o EMF exposure.
Changes in cortisol 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 (o examine he potential impact of GSM (global system for mobile) RF

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

bring additional information 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 10 ensure that if any effect was observed,
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that it was not attributable to one of the aforementioned parameters. Hence, electrode impedance was

checked after each block of EEG recordings, and cafleine and cortisol were concurrently evaluated in the
saliva.

EXHIBITF
METHODS

Participants. Twenty-six healthy volunteers participated in the experiment (13 females and 13 males;
mean age = 23.5 £ 3.1 yr). All women reported having regular menstrual cycles (25-32 days) during the
year preceding the study, no vasomotor compliaints (i.e., hot flashes, 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. All participants provided informed written consent and were
compensated for their participation. All procedures were approved by the local ethics commitiee (ID no. =
RCB: 2011, A01455-36). The volunteers were selected lollowing a routine clinical examination. The mean
body mass index of the subjects was 22.3 + 1.8. Systolic and diastolic blood pressures were 113.3 £9.2
and 74 + 7.7 mmHg (mean + 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
psychiauric illness. All participants were night-handed and had normal or comrected-to-normal 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 [acility of the hospital to fill 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, randomized,
double-blind, and counterbalanced design experiment. During each session, the subject was exposed to 26
min and 15 s of sham or real GSM RF exposure (Eig_1). In the case of sham exposure, the mobile phone
was swilched “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 |-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 | 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}] were simultaneously
recorded (EDR data will not be reported in the present paper). During the recordings, volunteers were
asked to fix their eyes on a center point on the screen represented by a while square in the center of a black
background. Each recording session was composed ol 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, 1). Vocal instructions were previously recorded by the experimenter. Loudspeakers

* placed on either side of the screen in {ront of the volunteer connected to a computer in the acquisition

room allowed instructions 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 sofiware developed at the MEG-EEG Center). Transistor-transistor logic (TTL)
pulses were used to synchronize stimulus presentation and the EEG/BIOPAC 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, 1. The preexposure period consisted of
two blocks of recordings (run 1 and run 2) with no mobile phone (baseline). Three blocks (run 3, run 4,
and run 5) were recorded during the exposure period in which the actual mobile phone (genuine) was
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positioned and activated for the exposure session, and the sham phone was used in the sham session. The
mobile phone was then removed, and two blocks were recorded in the postexposure period (runs 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 paramelers, the phone was connected to a personal computer 1o control the requited frequency
and RF power by service sofiware (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 external antenna connector of the phone. A 50-€2 resistive load and an open-circuit
dummy load were developed for sham and exposed conditions with the same shape and structure 1o allow
for the double-blind protocol of the study. This implied that, when the telephone was on, the intemal
circuilry 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 MHz for 26 min. The maximum specific
absorption rates (SARs) were averaged on 10 g tissue, | g tissue, and the peak value was measured a1 0.49
Wrkg, 0.70 Wikg, and 0.93 W/kg, respectively. The SAR of the sham phone was below the detection level
of the system (0.001 W/kg) at any position of the phantom, and no electric field was detecied 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, FCI1, FC2, FC6, T7, C3, Cz, C4, TR, CP5, CPI, CP2, CP6, P7, P3, Pz, P4, P8, PO3, PO4, OI, and
02) placed according to the international exiended 10/10 system. The reference elecirode 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 1,000 Hz. The signal was amplified
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. Dala acquisition was
performed using BRAINAMP MR plus Amplifiers {Brain Products, Munich, Germany).

EEG interference with RF-EMF. To tesl possible interference between radio frequencies emitied by the
mobile phone and EEG signalis recorded during exposure, a polystyrene phantom head was constructed to
simulate a complete EEG chain. Time-lrequency 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 10 have disturbed
the EEG recordings assessed duting exposure.

Measurement of electrode impedance. Electrode impedance was checked to be below 5 k€ and was
recorded throughout the experiment at the beginning of each run.

Heart rate data acquisition. Heart rate was recorded by BIOPAC MP150 (GSR100C and ECG100C
modules) at a sampling rate of 1,000 Hz by using two electrodes. One was placed at the base of the neck
(above the right clavicle), while the other was placed on the left forearm.

ELISA for salivary cortisol. Saliva was collected using a Salivette device (Sarstedt) and then centrifuged
and immediately frozen. Each volunteer provided two saliva samples, the first before starting the
experiment (T0) and the second alter the recordings were complete (Tf). The cortisol was quantified in two
samples collected at TO and T using commercialized sandwich ELISA kits (human cortisol), according (o
the manufacturer’s instructions. EXHIBIT F
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Samples were centrifuged (1,000 g/20 min/4°C), and the supernatant was collected. Raw data were

presented for sham and exposed groups.

EXHIBIT F
Salivary caffeine concentration using HPLC. Salivary caffeine concentration was assessed in TO samples.

A rapid HPLC method was used for the salivary caffeine analysis. The HPLC system consisted of a
Spectra SYSTEM Pump and a Spectra SYSTEM UV detector (Ultimate 3000 Photodiode Array detector).
An Envirodur C18 (3 um) column (250 x 4.6 mm; Macherey Nagel) was used for the separation. The
mobile phase was made of 85% of a 0.012 M KH,POy and 15% acelonitrile. The flow rate was set at |
mi/min, and the injection volume was set at 20 pl. The detection wave length was set at 280 nm. The
cafleine solution concentrations used for the standard curves were 1, 1.5, 2, 5, 8, 15, 25, 50, and 100
pg/ml. Standard curves were constructed by plotting concentration vs. area under the curve. Calleine
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 f)erfonned: the first two runs (runs / and 2) consisted
ol the preexposure period, the three following runs (runs 3, 4, and 5) constituted the exposure period, and
the last two runs (runs 6 and 7) ré'presented the poslexpdsure period. Markers were placed in the data at 4-s
intervals, and then we performed 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 100 ms, resulting in an estimate of signal power at
each time sample and at each frequency between 1 and 20 Hz, with a frequency step of 1 Hz. The lime-
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 o
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 1o approach a normal distnbution. Finally, the data
were averaged over the three conditions of interest: preexposure (baseline), during exposure, and
postexposure period, for each subject and for the grand mean of the 26 volunteers.

Statistical analysis. A four-way' repeated-measures ANOVA was run to determine the effect of exposure
(sham or exposed), {requency bands {delta, theta, or alpha), period (before, during, or after), and eye
conditions (closed or open) across subjects. Then, we resiricted the analysis Lo alpha band (8-12 Hz) in
closed-eye condition as follows: for each period (before, during, and after), we performed a paired r-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, 810 Hz, and 10-12 Hz) on
each electrode across subjects and performed a paired f-test in the two conditions (sham or real exposure).
The lfamily-wise error rate was controlled via permutations tests as showed by Groppe et al. (2011}, which
is, at most, as conservative as Bonferroni.

Heart rate, impedance, and cortiso! 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 | and 20 Hz. The two sham and real
phones used in our experiment did not disturb EEG recordings assessed during exposure (data not shown).
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Alpha spectral power. There were significant differences between frequency bands and eye conditions for
all of the electrode measurements. Period levels (before, during, and afler) were statistically significantly
dilferent on all electrodes except in the frontal region (Fpl, Fp2, F7, F3, Fz, F4, FCI, FC2).

In the closed-eyes condition, a significant difference between sham and real exposure was found in alpha
band power (8—12 Hz) for all electrodes during the exposure {except FP2, FC5, and P8) and posiexposure
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 1).

Furthermore, the alpha band (812 Hz) was divided into two subbands—the upper (10-12 Hz) and lower
(8~10 Hz) alpha bands—which were analyzed separately. Results showed that in the 8-10 Hz frequency
band, alpha spectral power significantly 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 alter exposure (P = 0.0001 and P < 0.0001, respecuively) (Table 1).

Electrode impedance. Figure 2 represents electrode impedance recorded at the beginning of each run. No
significant differences have been detected when comparing sham and real exposure between runs.
Repeated-measures two-way ANQOVA and Bonferroni post hoc tests were applied. P and F values are
given in Table 2. Impedance was not affected by the factor session (sham and real exposure) recorded 1 wk
apart in all runs. Moreover, no significant differences were found in all electrode impedances when
comparing the seven runs separately in the sham sessions and in the exposure sessions.

Heart rate. There were no significant variations ‘in heart rate (Fig, 3), whether it be between the two
sessions (sham and real exposure), eye condilion (open eyes and closed eyes) within and between sessions
[two-way ANOVA: exposure (F = 0.1, P =0.75), and eye condition (¥ = 0.58, P=0.71)].

Salivary cortisol. Figuce 4 shows the salivary cortisol concentration in sham and exposed sessiors
separately for participants recorded in the morning or in the alternoon. ANOVA analyses showed no
significant differences in cortiso} concentrations when comparing sham 10 exposed sessions, no differences
between volunteers, and no significant interaction between exposure x subjecis in the moming,
respectively, in TO and Tf (#=2.72, P=0.12; F = 0.08, P =2.27; interaction: F =0.42, P=0.87). In the
afiermoon, no significant difference was observed between TO and Tf when comparing sham to exposed
sessions (= 0.67, P = 0.7R), but a significant difference was noted between subjects (/= 2.08, P =0.04),
and no exposure x subjects interaction (<= 0.55, P =0.89).

Salivary caffeine. Results showed that caffeine concentrations in all samples were negligible and below

the detection limit of 2 pg/ml.
EXHIBIT F

DISCUSSION

The present study evaluated the effect of GSM (global system for mobile) signals ol 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 | wk apart as a washout period.
Results showed that alpha spectral power decreased during exposure period to GSM signals. These results
concur with previous findings on the effects of GSM signals on alpha power of restirig EEG in humans
(Crofl et al. 2002; Curcio et al. 2005; Kramarenko and Tan 2003). When analyzing lower (8-10 Hz) and
upper (10-12 Hz) alpha bands separately, results showed a similar significant decrease. This effect
persisted in the postexposure period (Table 1), suggesting that the eflect is sustained with lasting
physiological changes and not solely during immediate interaction between exposure and the larget tissue.
This is in line with the results obtained in other studies that have exposed participants prior to the EEG




mifydunsy ¢ =

piedydenay

nefydainey P

recording (Curcio et af, 20035; Huber et al. 2002; Reiser et al, 1995), and where an effect of RF-EMF has
been observed on brain activity. The persisted effect of RF-EMF on brain activity was also observed on the
EEG during 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 Lhe amplitude 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 (Barry et al, 2007). It was assumed that neuronal activity generating the
alpha rhythm is associated with areas of the cortex that are not processing information 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 1o the speed of information processing, the subject's global attention, and
cognitive performance (Klimesch 1997, 1998, 1999, 2003; Krause et al. 2000a, b; Neubauer and
Freudenthaler 1995; Vopt 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
radiolrequency 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 1o these data, it seems that the effects observed in our study mimic, 10 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 atiention, and cognitive performance. The potential clinica)
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 intracortical excitability of the motor cortex was modified by
acute exposure 10 GSM 900 (Eemmeri et al. 2006). [ntracortical inhibition/facilitation (ICI/ICF) curves were
investigated, and results showed that ICI is reduced and ICF is enhanced after exposure to GSM signal
(Ferreri el al, 2006). It has been suggested that 1CI is mediated by GABA-A receptors (Hanajima ¢t al,
1998), ICF is mediated by glutamatergic N-methyl-p-aspartate (NMDA) (Ziemang et al. 1998), and an
imbalance between ICI and ICF may lead to changes in the intracortical excitability (Sanger et al, 200(). 1t
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 el al.
1999, 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 caffeine
and cortisol. To our knowledge, previous studies on RF's effect on EEG did not concretely and
concurrently measure such factors that may modify alpha power. Therefore, our study was designed to
include and assess salivary cortisol and caffeine.

As alpha rhythm has long been known to be sensitive io overall attentional states (i.e., intensily aspecis
such as arousal) (Adcian 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 cafleinated drinks (e.g.,
cofTee, tea, calTeinated sofl drinks) 24 h before the study. It has been reported that cafleine increases
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alertness and speeds reaction time, dominant factors in refation to alpha power (Fredholm et al. [999;
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; ngmd_l(_ir_wm_). In our
study, caffeine assessed in the saliva did not show detectable values {(above the device's quantification limit
=2 pp/ml), suggesting that caffeinated drinks did not bias the observed resulls.

Moreover, salivary cortisol was assessed because it has been shown that concentrations of cortisol within
the blood or saliva can vary spontaneously with EEG power across a range of 6.5-14.0 Hz, which includes
the alpha rhythm (Sannita ep al. 1999). Our results showed no significant variations in salivary cortisol
between sham and real exposure.

In regard to electncal 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 o GSM-EMFs of a mobile phone can influence human dominant alpha rhythms in
a resting state. Our resulis showed a power decrease of alpha band during and after exposure (o GSM-
EMF's compared with sham exposure in an eyes-closed condition. These findings 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 ellect persisied until the end of the postexposure
period. Furthermore, it is also important to siress the potential clinical significance of this effect.
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Open in 3 separale window

Fhe cxpertmental protocol included three periods: preexposure, exposure, and postexposure. Each volunteer participated
n two recording sessions (sham and active exposure) in a crossover tandomized double-blind destgn. Elecirodennal
response (F1IR), open eyes (O), and closed eyes (CL) were perfonned during resting LG recordings,

Table 1.

Statistical analyses of alpha band spectral power

Open in 2 separale window

For each period (before, during, and afier), we performed a paired t-test for each electrode across all subjects.
Then, the frequency power values were averaged across all subjects, and a paired r-test was performed on the
averaged electrode values for the iwo conditions (sham/exposurc). Comparisons were made between sham vs.

real exposure (i.e., 1 >0 corresponds to a decrease, and ¢ <0 comresponds 1o a power increase in the truly exposed
condition).

Open in a separate window

Changes in the eleetrical impedance of BTG clectrodes during sham () and exposed (@) sessions. The impedances were
maintained below 5 kO, No significant differences were detected comparing sham and real exposure in alt runs,

Table 2.

Statistical findings: electrode impedance with two factors: session (sham and exposed), electrodes
(29 electrodes), and interaction between the two factors

Open in a separale window

Fig. 3.

Open in a separate window

Heari rate during open eyes (O52) and closed eyes (CL) periods in shan and exposed sessions. Results are expressed as
means =S¥
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} - : Open_in a separate window
Salivary cortisol concenimtion (ng/ml) before starting the study protocol (T0) and after the end of the pratocol (TT) in
\ sham and exposed sessions for the volunieers who attended the expertment in the morning or in the aflernoon.

(
(, i ' Articles from Journal of Neurophysiology are provided here courtesy of American Physiological Society
I
|
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Exhibit G

MICHAEL WILLIAM SEMELKA, DO, FAAFP
Onec Mcllon Way
Latrobe, PA 15650
mscmelk@cxcelaheallh.org

EDUCATION

Doctor of Ostcopathic Medicine

Philadeiphia College of Osteopathic Mcdicine
Philadelphia, PA

August 1996 — June 2000

Bachelor of Science in Biology
Pennsylvania State University
University Park, PA

August 1992 — May 1996

- POST GRADUATE TRAINING AND EDUCATION

National Institute for Program Director Development

American Academy of Family Physicians/Association of Family Medicine
Residency Directors

October 2010 — June 2011

Fellowship in Faculty Development
Duke University

Durham, NC

September 2004 — May 2005

Residency in Family Medicine
Beaver Medical Center
Beaver, PA

July 2000 - Junc 2003

POST GRADUATE EMPLOYMENT

Exccla Health, August 2005 — present

Medical Education Division Leader, Excela Health Medical Group
January 2013 - Present

Chair, Department of Family Medicinc
July 2011 — Present

Program Director, ACGME-accredited Family Mcdicine Residency at
Latrobe Hospital, May 2009 — Present

Program Director, AQA-accredited Family Medicine Residency at Latrobe
Hospital, November 2006 — June 2020
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, Associate Program Director, ACGME-accredited Family Medicine
' Residency at Latrobe Hospital, July 2006 — May 2009

Director of Osteopathic Medical Education at Latrobe Hospital, August
2005 — June 2016

Responsibilities include residency program administration and oversight,
education of residents, direct patient care in hospital as well as in Excela
Square Frick Family Medicine, and oversight of three residency family
medicine offices.

Duke University / Southemn Regional Area Health Education Center Family
Medicine Residency Program, July 2004 — July 2005

Associate Director of Ostcopathic Medical Education, Associate
Osteopathic Program Director in Family Medicine Residency in
Fayetteville, NC. Responsibilitics included dircct patient care as well as
) oversight and cducation of residents.

Absolute Primary Care, June 2003 - Junc 2004
Family physician in private practice in Cranberry Township, PA.

AWARDS
2011 Fellow of the Amcrican Academy of Family Physicians (FAAFP)
Awarded for service to Family Medicine, advancement of health carc 1o
the American people, and for professional development through medical
education and rescarch,

2009 Exccla Health Latrobe Hospital Family Medicine Residency Faculty
Tcacher of the Year Award

2006 Exccla Health Latrobe Hospital Family Medicine Residency Faculty
Teacher of the Ycar Award

- 2005 Southern Regional AHEC Family Mcdicine Residency Faculty Teacher of
: the Year Award

February, May 2005 Southern chionzﬂ Shining Star
For “...exemplary teamwork, commitment, and community service.”

2003 Family Practice Center/Beaver Medical Center Staff Award
Given by nursing staff for **.. graduating resident we would most like 1o
work for.”
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2003 Beaver Medical Center Resident Teacher Award
Given through Socicty for Teachers of Family Medicine and voted on by
fellow residents.

FACULTY APPOINTMENTS
2019 Clinical Professor of Family Medicine, Philadelphia College of Osteopathic
Medicine

2016 Clinical Associatc Professor of Family Medicine, Philadelphia College of
Osteopathic Medicine

2013 Clinical Assistant Professor of Family Medicine, Philadelphia College of
Ostcopathic Medicine

2006 Instructor of Family Medicine, Philadelphia College of Osteopathic
Medicine

PUBLICATIONS
Semelka M, Wilson J, Floyd R. Obstructive Slecp Apnca. American Family
Physician September 1, 2016 '

Bell P, Semelka M, Bigdeli L. Drug Testing Incoming Residents'and Medical
Students in Family Medicine Training: A Survey of Program Policies and
Practices. Journal of Graduate Medical Education: March 2015.

Semelka M, Gera J, Usman S. Sick Sinus Syndrome. American Family
Physician May 15, 2013.

PRESENTATIONS
How We Greatly Improved the Accuracy of Qur Milestones in Half the Time:

2019 American Academy of Family Physicians Program Director Workshop;
Kansas City, MO Apnl 7, 2019

Obstructive Sleep Apnea: Excela Health Continuing Medical Education
Conference February 15,2017.

Bridging the Gaps betwecen ACGME & AOA Requirements: 2016 American

College of Osteopathic Family Physicians Program Director Workshop; San Juan,
PR Apnil 5, 2016.

Co-Presenter: Unified Accreditation Discussion; Pennsylvania Academy of
Family Physicians Program Director Assembly Collaborative Workshop; Camp
Hill, PA Scptember-11, 2015,

Drug Screening Medical Students and Residents in Family Medicine Training: A
Survey of Program Policies and Practices; 35th Forum for Behavioral Scicnce in
Family Mcdicine; Chicago, IL September 19, 2014
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How to Improve Faculty Development: 2014 American College of Osteopathic
Family Physicians Program Dircctor Workshop; Philadelphia, PA March 12,
2014,

Understanding the Millennial Generation: Pennsylvania Osteopathic Medical
Association District VIII Winter Seminar; Nemacolin Woodlands Farmington, PA
February 1, 2013,

Conference Chair and Presenter (Curriculum Writing): Pennsylvania Academy of
Famly Physicians/Philadelphia College of Ostcopathic Medicine Faculty
Development Workshop for New Faculty; Lancaster, PA November 1, 2012,

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

BOARD CERTIFICATION

Diplomate of the American Board of Family Medicine, 2003, 2013; Certificate
Number 119684

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

PROFESSIONAL ORGANIZATIONS
American Academy of Family Physicians

American College of Osteopathic Family Physicians
American Ostcopathic Association
Association of Family Medicine Residency Directors

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

ADMITTING PRIVILEGES
Excela Health Latrobe Hospital (Active)

Exccla Health Westmoreland Hospital (Courtesy)
Exccla Health Frick Hospital (Courtcsy)

Sclect Specialty Hospital Laurel Highlands (Active)
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