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SUMMARY 
 
It has recently been shown that Extremely Low Frequency (ELF, below 300 Hz) magnetic fields (MF) may be 
able to modulate human movements, brain electrical activity and high-level brain processing. Different 
strategies have been used to tackle this question using various physiological, neurophysiological and 
behavioral indicators. Researchers investigating electroencephalography (EEG) have reported that ELF MF 
can increase resting occipital alpha rhythm (8-12 Hz). Interestingly, other studies have demonstrated that 
human motor behavior can be modulated by ELF exposure and can, for instance, reduce anteroposterior 
standing balance or decrease physiological tremor intensity. However, results remain controversial and 
underlying mechanisms are not well understood. In a recent pilot work, we proposed to approach the question 
of ELF MF effects on human brain activity using functional Magnetic Resonance Imaging (fMRI). 
Interestingly, we have found that a 1800 µT MF at 60 Hz MF exposure could increase brain activation level 
with the performance of a simple fingers movement (rhythmic tapping between index and thumb).  
 
We followed up on these results with a project investigating the effects of a 60 Hz, 3000 µT MF on human 
cognitive performance and brain activation as measured by fMRI. In a first experiment, we used a battery of 
validated and reproducible psychometric tests to evaluate the potential impact of the MF exposure on human 
cognitive performance. Overall, the exposure did not seem to affect the cognitive performance in the 
psychometric testing (though a potential interference with short-term learning is reported). In a second 
experiment, we investigated the effects of MF exposure on functional brain activation during selected 
cognitive and motor tasks using fMRI, and were able to detect modulations of brain activation following one 
hour of MF exposure. First, it appeared that during a classic mental rotation task (the subject mentally rotates 
geometrical shapes), specific brain regions involved in visual attention were selectively deactivated after 
exposure without changes in performance. This could be indicative of facilitation in the visual attention 
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processes subsequent to the exposure. Second, brain activation induced by the above-described finger-tapping 
task was increased only in regions involved in sensorimotor perception, which may be indicative of facilitated 
sensitive feedback after MF exposure.  
 
We are now planning on investigating further the mechanisms supporting these functional effects: we are 
developing a project aiming to investigate the “synaptic transmission” hypothesis by focusing on the potential 
neuromodulatory effect of a 60 Hz magnetic stimulus at levels known to induce magnetophosphenes in 
healthy subjects. Indeed, magnetophosphenes are often reported as well established, consistent effects of ELF 
MF exposure on humans; and are described as flickering visual sensation. It is usually accepted that they 
originate from neural interactions with induced electric currents in the retina (described as “synaptic 
interactions”). The objectives of this project will be first to establish a threshold that consistently gives rise to 
a response (magnetophosphenes detection), and second to identify neurophysiological modulations associated 
with this effect (using fMRI, electroencephalography, event related potentials and electromyography).  
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INTRODUCTION 
 
International regulatory agencies are publishing international guidelines, based on the up-to-date scientific 
data, establishing the electromagnetic fields levels that are considered safe for both the public and workers. 
The two main agencies are the International Commission for Non Ionizing Radiation Protection (ICNIRP) and 
the Institute of Electrical and Electronics Engineers (IEEE). Regarding Extremely Low Frequency (ELF, < 
300 Hz) Magnetic Fields (MF), as in their previous version, the new guidelines recently published by the 
ICNIRP [14] are mainly based on the “only well established effects in volunteers exposed to low frequency 
magnetic fields … the stimulation of central and peripheral nervous tissues and the induction in the retina of 
phosphenes”, to which a reduction factor is applied, as a consequence of the “uncertainty inherent in the 
scientific data”. This is an illustration of the evident need for new reliable human data to further document the 
threshold at which ELF MF can induce an objective response in a reliable and systematic manner. Moreover, 
the electrical utility industry must deal with the safety and efficacy issues associated with the installation of 
new infrastructure. For instance, prior to any new installation, solid experimental data are required for 
consultation and information sessions held with the public living nearby. Evaluating the effects of 60/50 Hz 
sinusoidal MF on humans is therefore a crucial safety concern.  
 
Although ELF MF effects have been extensively studied over the last three decades (see [44] for an extensive 
review of the literature), the main limitation in this research field appears to be the difficulty to replicate 
experimental results. Causes that are often reported include the inconsistency in terms of experimental 
characteristics used between studies (differences in field duration, amplitude, frequency, intermittency, 
continuity etc. [8]). To address these needs and issues, our group has chosen to focus on human investigations 
using a single frequency (60 Hz), and to develop protocols testing increasingly higher levels of MF exposure, 
until reaching a threshold at which a systematic response can be characterized. Because the literature does not 
tell us with certainty which physiological process or which function would be more sensitive to MF exposure, 
our strategy has been to develop multimodality protocols simultaneously and/or sequentially testing specific 
neurophysiological indicators in humans. More specifically, since 2005, we tested 60 Hz MF effects with the 
strategy of gradually increasing the exposure levels: the Phase I of this program was targeting the 1.8 mT MF 
amplitude, which corresponded to the flux density calculated from the 1998 ICNIRP basic restriction of 10 
mA/m2 [11, 15]. This Phase investigated non-invasive physiological and neurophysiological indicators during 
and after one hour of MF exposure. The second step of this program (Phase II) was scaled on the exposure 
limit proposed by the Institute of Electrical and Electronics Engineers (IEEE) in a controlled environment 
(2.71 mT, [16]). The effects of a 3 mT MF exposure level (still at 60 Hz) on human cognitive functions and 
functional brain activity were thus studied. This paper summarizes the results from this program and proposes 
future research directions that would provide new experimental results useful for guideline agencies, as well as 
insights to better understand the interaction between ELF MF and biological structures. 
 
PHASE I: A NEUROBEHAVIORAL APPROACH 
 
In this study, seventy-three volunteers were tested in a double-blinded real/sham counterbalanced protocol 
before, during and after one hour of 60 Hz MF exposure at 60 Hz [22]. In the real exposure condition, subjects 
experienced a whole body exposure with a ± 5% homogenous region (38 cm3) centred at the level of the head 
(Figure 1). Each subject completed two experimental sessions (one "real" and one "sham" session), each 
including four testing blocks. All testing blocks were identical and included the acquisition of cardiovascular 
parameters, resting electroencephalographic activity (EEG), physiological tremor, performance in rhythmic 
voluntary movements of the hands, and normal standing balance. In the real exposure session, the first block 
was acquired before the onset of the MF exposure; the second block was acquired 15 mins after the onset of 
the MF exposure; the third block was acquired 45 mins after the onset of the MF exposure; and the fourth 
block was acquired 15 mins after the offset of the MF exposure. During the sham session, the timeline was 
strictly the same, but the MF was never generated.  
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Figure 1. The sinusoidal 60 Hz MF was generated by two octagonal parallel Helmholtz-like coils (1.6 m wide, 
1.2 m apart).  Each coil consisted of 158 turns of 10-gauge copper wire and was encased within a plastic 
frame.  
 
Overall, the results of Phase I did not show any statistically significant effect of the exposure on human EEG, 
cardiovascular parameters or voluntary movement production. However, a subtle (significant) increase in 
tremor amplitude (between 8 and 12 Hz) was shown during exposure (Figure 2). Moreover, an interesting 
significant decrease of natural standing balance was found with exposure only when the eyes were closed 
(Figure 3), which is consistent with the findings of an early study from our group [42, 43].  
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Figure 2. Averaged physiological tremor 
spectral power in the 8-12 Hz frequency 
band over a 30 second period for each block 
during the sham and real sessions. Error bars 
represent one standard error of the mean. 
Adapted from [22]. 

Figure 3. Averaged postural sway velocity over 
a 30 second period for each block during the 
sham and real sessions. Error bars represent one 
standard error of the mean. Adapted from [22].  

 

 
The most important result from this study showed that standing balance oscillations produced during MF 
exposure were slower and smaller in amplitude as compared to the oscillations produced during the sham 
exposure. Since this effect appears only during the eyes closed condition, it suggests that the exposure may act 
on proprioceptive and/or vestibular functions [13]. This finding shows that an acute global exposure of an 
intensity corresponding to the 1998 ICNIRP basic restriction’s level may be detected in humans. Would this 
result be reproduced, it would demonstrate a biological effect (but not pathological) of an ELF MF exposure 
that could support the study of the involved mechanisms. Note that when preliminary results of this work were 
presented in 2009 at the CIGRE international meeting of Sarajevo [23], one of the official conclusions of the 
meeting stated that “Future research should focus on the effect of higher magnetic fields (1000 to 10,000 µT) 
on the central nervous system to improve the scientific basis of the existing guidelines” 
(http://www.bhkcigre.ba/english/announ.htm). Therefore, to further investigate this effect, we are currently 
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developing a protocol aiming to test postural sway in healthy volunteers exposed to 60 Hz MF up to 50 mT at 
the level of the head. This is detailed later in this paper. 
 
PHASE II: COGNITIVE AND NEUROIMAGING APPROACHES  
 
The general motivations for this Phase II project were twofold: 1) extending the range of neurophysiological 
indicators we were studying to cognitive human performances and to an objective measure of functional brain 
activation; 2) testing a higher level of 60 Hz MF exposure. The main objective was to investigate the effects of 
an acute exposure to a 3000 µT, 60 Hz MF on human cognitive functions and brain activation. In a first 
experiment, a battery of validated and reproducible psychometric tests previously used in the literature [6, 8, 9, 
18, 34] and known to be highly sensitive to cognitive interference were used to evaluate the cognitive 
performance. In a second experiment, we investigated the effect of the exposure on resting brain metabolic 
activity and on brain activation during selected cognitive and motor tasks using functional imaging. 
 
Psychometric testing (data and results from this section are submitted to Bioelectromagnetics [7]) 
 
This first experiment aimed to evaluate the impact of a 60 Hz, 3000 µT MF on human cognitive performance.  
Ninety-nine participants completed the double-blind protocol performing a selection of psychometric tests 
under two consecutive MF exposure conditions dictated by assignment to one of three groups (G1: 
sham/sham, G2: MF exposure/sham, or G3: sham/MF exposure, Figure 4).  
 

 
Figure 4. Time-line for the three MF exposure conditions: Group 1 (G1): sham / sham; Group 2 (G2): real / 
sham; Group 3 (G3): sham / real.  The broken line indicates the MF generation ("on" when up, and "off" when 
down). Figure submitted for publication [7]. 
 
Cognitive performance was evaluated using nine psychometric tests (Digit Symbol Coding, Block Design, 
Arithmetic, Digit Span Forward, Digit Span Backward, Trail Making Test Part A, Trail Making Test Part B, 
Stroop, Mental Rotation and Fitts’ Motor Task) giving access to fifteen quantitative validated parameters used 
in the statistical analysis.  
 
Data was analysed using a 3x2 mixed model analysis of variance. Eleven of fifteen psychometric parameters 
showed a significantly improved performance between repetitions: the performance produced in block 2 was 
improved as compared to the performance produced in block 1. This corresponds to a normal observation as a 
consequence of short-term learning, which is often called the practice effect. More interestingly, a significant 
interaction effect on the Digit Span Forward test (F=5.21, p<0.05) revealed an absence of practice effect for 
both exposure groups but not the control group (Figure 5).   
 

 

 
 
Figure 5. The blocks 1 and 2 average scores for each experimental 
group. The error bars represent one standard error of the mean. Note that 
there is an increase between blocks 1 and 2 for the group 1 (control 
group) but not for either of the exposure groups (groups 2 and 3). This is 
a significant interaction (F=5.21, p<0.05). 
 

 
This memory test (consisting in repeating in the same order an increasingly longer sequence of digits read by 
the experimenter) indicates a cancelling of the practice effect associated with MF exposure. Overall, since on 
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the fifteen analysed characteristics only one suggested a positive effect of the exposure, this study could not 
however establish any clear MF effect on human cognition. Nevertheless, it was speculated that 60 Hz 
exposure may interact with brain synaptic plasticity and potentially alter learning processes: indeed, it is 
possible that MF exposure interferes with neurophysiological processes underlying the plastic adaptation of 
specific neural pathways. This would not be the first ELF MF study to report an alteration of the practice 
effect. Another study on cognitive functions reported an attenuation of practice effects on reaction time with 
exposure. The groups receiving sham first performed better on the reaction time task during the second trial 
than groups receiving the real exposure first [29, 30]. The exposure level in these findings was the previous 
highest level reported in ELF MF research on human cognitive function (1260 µT). 
 
To gain a better understanding of the changes within the brain because of MF exposure, future studies should 
consider utilizing new techniques allowing the direct investigation of brain processes such as EEG and 
functional Magnetic Resonance Imaging (fMRI). This is a new step forward we decided to make through the 
second experiment of this Phase II project.  
 
Contribution of functional Magnetic Resonance Imaging 
 
The second experiment was consecutive to a pilot work using fMRI to compare human brain activation 
induced by a simple finger-tapping task before and after 30 minutes of 1800 µT, 60 Hz MF exposure. This was 
a real/sham counter balanced blinded study. In the sham condition, the subjects underwent strictly the same 
protocol as in the real exposure condition, but were never exposed to the MF. To make this pilot study 
possible, we were able to program our 3T MRI scanner (Verio, Siemens, Germany) to become an active 
exposure device which could generate the 60 Hz MF using its Z gradient coil. The results showed that the 
level of brain activation induced by the finger-tapping task was higher post-exposure (in four subjects) as 
compared to post-sham (in five subjects) [25]. It was a very interesting result and the second experiment from 
Phase II project was initiated from there.  
 
fMRI was thus used to investigate the effect of a 3000 µT MF at 60 Hz on human brain activation during the 
performance of a finger-tapping task, during the performance of a mental rotation task and at rest. Results at 
rest won’t be presented here. Using the same protocol as in our pilot trial (but extending the exposure period 
from 30 minutes to one full hour), we were able to demonstrate that in the MF exposure condition, the task-
induced brain activation was higher in the somatosensory motor cortex (S1) and in the cerebellum as 
compared to the sham condition (Figure 6 for S1), suggesting an improved haptic sensitivity [24, 25] and 
confirming pilot results submitted to Bioelectromagnetics at 1800 µT. An improved haptic sensitivity indicates 
an increased level of perception of the tactile sense. Moreover, this study could show that MF exposure could 
reduce the level of activation in regions associated with visual attention while completing a mental rotation 
task [31]. This suggested a MF exposure facilitation of visual attention processes. These are crucial results 
since they consistently show an effect of a power-line frequency MF exposure, at an intensity rarely 
investigated in humans, on brain functional activation. Note that the use of fMRI in power-line frequency MF 
studies was a first in the world. 
 
 
 
 
 
 
 
 
 
 
 
Figure 6. a. Motor cortex activation measured by fMRI during an index finger-tapping task and averaged over 
20 subjects. b. Differential activation map (post-exposure minus pre-exposure images) from the sham exposed 
group (n=11). c. Differential activation map (post-exposure minus pre-exposure images) from the real exposed 
group (n=9). 
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In conclusion, at 60 Hz, MF effects can be identified on human cognition and on functional brain activation. 
These effects are persistent after the exposure offset and seem to interfere with learning processes at 3 mT. 
This suggests an effect on synaptic plasticity and should be further investigated through learning protocols. 
Our results also show that a simple motor task can be modulated during (tremor and standing balance, 1.8 mT) 
and after (tapping, both 1.8 and 3 mT) 60 Hz MF exposure. The MF seems to interact with perceptive 
pathways (proprioceptive and vestibular systems). However, a reliable effect has not been found yet. 
Conversely, magnetophosphenes are often reported as well-established consistent effects of ELF MF exposure 
on humans [15, 16, 44]. They can be induced by intermittent MF exposure (5-20 mT depending on frequency: 
5-60 Hz) [41]. Phase III is being set up to test the effects of a 60 Hz MF of up to 50 mT (local cortical and 
global head exposures) on magnetophosphenes perception, using EEG and fMRI (sequentially and 
simultaneously, EEG during exposure), evoked related potentials (ERPs), tremor and standing balance to 
detect a threshold for reliable and systematic responses.  
 
CURRENT AND FUTURE DEVELOPMENTS 
 
Magnetophosphenes 
 
Magnetophosphenes are described as flickering visual sensations perceived with eyes closed in a dark 
environment, and it is usually accepted that they are originated by neural interactions with induced electric 
currents in the retina (described as “synaptic interactions” by IEEE [16]). Other mechanisms such as nerve 
stimulation are also considered [26, 28, 40] (see Kavet et al. [17] for a review). Following the work from 
Lövsund et al. [26-28], Silny reported human perception of magnetophosphenes induced by an intermittent 
one hour MF (1 sec on – 2 sec off) between 10 and 20 mT depending on the stimulation frequency (5-60 Hz, 
[41]). He also reported a magnetophosphenes detection threshold of 5 mT at 18 Hz in a trained subject. In the 
same study, it is reported that there is an effect of the exposure on visual evoked potentials (VEP) lasting past 
the end of the exposure period. However, as noticed by Saunders and Jefferys [39], the method and the data 
were not entirely described, and thus make this work “difficult to evaluate”, stressing the need for further 
experimental studies to confirm these results. This need is also emphasized by Kavet et al. [17]: 
“Acknowledging that these guidelines are based upon very limited data and assumptions regarding phosphenes 
and other cognitive responses could prompt investigators to perform experiments necessary to support 
guidelines. Until further research is able to confirm the importance of synaptic mechanisms in producing 
adverse responses to induced and conducted electric fields, a conservative approach would be to assume that 
the phenomenon reported by Silny is a reliable adverse effect and to derive exposure limits from this 
assumption after applying appropriate safety factors to reflect the resulting degree of uncertainty. This may not 
by itself result in a large shift in the exposure limits but it would bring additional attention to the need to 
attempt replications of Silny’s findings”. One specific objective in the future should therefore be to establish a 
threshold at which magnetophosphenes are systematically reported by healthy volunteers and to identify the 
source of this effect using different exposure configurations given in a dark environment.  
 
Our group is proposing to follow this scientific direction. We have already proceeded to preliminary data 
acquisition and we have been able to induce magnetophosphenes in four subjects we have tested so far. Future 
developments could for example use MF exposures of 5 to 10 seconds duration each, given in a dark 
environment, from 0 (sham) to 50 mTrms, with 5 mT increments. Global head exposure vs. local eye exposure 
vs. local visual cortex exposure could be tested. The number (each condition would need to be given at least 3 
times to allow the detection of an effect within a single subject) and duration of exposure conditions would 
need to be adjusted according to the results from pilot data acquisition; they will need to be given in 
counterbalanced order. To complete self-reports with objective neurophysiological assessments, EEG will be 
continuously recorded during the future experimental procedure (64-channel SynAmps RT and Scan software, 
Neuroscan Inc., USA). Time series analyses in the time and frequency domains will be conducted on EEG 
data (in the delta, theta, alpha, beta and gamma frequency bands) for each experimental condition. Note that 
this system available to us will offer the possibility for the first time to perform EEG recordings and analyses 
during the MF exposure periods. Experimental outcomes will be compared using standard repeated measure 
ANOVAs. Although scientific evidence suggests that the synapses in the retina are the most probable sites of 
interaction with induced electric fields and currents, rather than the optic nerve or the visual cortex [19, 20, 
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28], there is no final consensus on this question yet. The proposed experimental procedure should contribute to 
clarify this debate. 
 
Electrophysiological interactions: neuromotor pathways - Threshold for consistent reproducible and 
predictable electrophysiological and motor effects 
 
It is reported that 47.9 mT at 60 Hz would correspond to the median threshold for peripheral nerve stimulation 
detection in humans [1]. For the most sensitive 1% of the population, this threshold would be 27.8 mT. As 
an indication, and we acknowledge the limitation of such a comparison, it is interesting to notice that in vitro 
neuronal excitability (in rat hippocampus slices) has been shown to be modulated by an electric field as low as 
0.7 V/m at 5 Hz (an electric field amplitude that would be induced by a 38 mT field at 60 Hz) [2]. Using 
Gaussian pulses (of 26 ms duration), Francis et al. [12] reported an even lower threshold of 0.18 V/m 
(extrapolated to a 60 Hz signal, it would correspond to less than 10 mT). In his review on sinusoidal MF 
waveforms, Reilly reports that a peak dB/dt of 1.45 T/s (3.84 mT at 60 Hz) may alter synaptic activity in the 
brain and that 37 T/s (98.2 mT at 60 Hz) may induce 20 µm nerve excitation [35]. To test these theoretical 
estimations, we propose to investigate human neuromotricity through a postural tremor task. This would be an 
occasion to test further the effect we have recently been able to show on human physiological tremor described 
in the Phase I section of this paper. 
 
We therefore propose to implement an exposure protocol similar to the one used in the magnetophosphenes 
experiment previously described, with a global head exposure condition, and only one local exposure 
condition centred on the motor cortex (area responsible for motor control). This protocol will test the 
following neurophysiological outcomes along the neuromotor pathway. First, EEG in the motor cortex area 
(C2, C4, FC2, FC4, CP2, CP4 electrodes (left handed) or C1, C3, FC1 FC3, CP1, CP3 electrodes (right 
handed)). Second, electromyography (EMG, i.e. muscle electrical activity) will be measured using bipolar 
channels of our SynAmps EEG system on the digitorum communis and/or flexor digitorum superficialis which 
are responsible for tremor in the proposed postural tremor task [4]. Third, postural tremor will be recorded at 
the tip of the dominant index finger. Let us note that we are already implementing these synchronous EEG-
EMG-tremor measurements to establish the association between the pathological cortical µ rhythm in 
Parkinson’s disease and associated EMG and resting tremor [32]. The quantified outcomes will be used in a 
standard statistical analysis (repeated measures ANOVA). This experiment will not only allow the 
establishment of a threshold at which a functional motor modulation occurs, but it will also suggest which 
neurophysiological mechanisms are involved and illustrate how specific modulations of brain oscillations 
translate into a motor outcome.  
 
Functional brain activation: fMRI and EEG 
 
Whereas Phase II was investigating the effects of a 1 hour period of continuous 60 Hz MF exposure on post-
exposure activation patterns measured with fMRI, the next Phase will focus on the potential changes in resting 
brain activation patterns between short repeated exposure periods (vs. no exposure). Indeed, Phase III will 
follow up on the Phase II fMRI protocol. In Phase III, the investigated exposure level will be increased from 3 
to 8 mT, the exposure will be intermittent (vs. continuous in phase II) with BOLD images interleaved between 
the exposure sequences (sham and real exposures alternatively presented to allow the acquisition of BOLD 
images). EEG will be recorded continuously, while the subject will have his/her eyes closed, using a 
NeuroScan MRI-compatible EEG system. We will compare 1) human resting EEG with and without exposure 
(real and sham conditions, including EEG during 60 Hz exposure) using a sequence alternating 2-second 
epochs of 60 Hz exposure and 2-second epochs of sham exposure; and 2) brain functional activation as 
measured by fMRI at rest after either 10-second exposure periods or 10-second sham exposure periods (with at 
least 10 repetitions for each condition). With this procedure, we are considering the 60 Hz MF exposure period 
as a stimulus. The underlying assumption is that the short-term effect is greater than any carryover effect that 
may occur, so that it will be detected. Since it is not possible to acquire fMRI images during MF exposure 
(since the Z gradient coil is used to generate the 60 Hz), a specific stand-alone sequence integrating the entire 
protocol (with both fMRI imaging and 60 Hz MF exposure sequences interleaved) will have to be 
programmed: it will minimize the time between exposure and imaging periods to benefit from the delay in the 
hemodynamic response. The subject will be asked to report any visual sensation by pressing an MRI-
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compatible button press to follow up on magnetophosphenes occurrences. Therefore, we will be able to link 
EEG and fMRI to the occurrence of magnetophosphenes, thereby offering the possibility to provide a detailed 
and quantitative description of the neurological substrates originating magnetophosphenes. Furthermore, in 
combination with the previously described electrophysiological interaction study, EEG will be recorded during 
exposure. Note that we have now completed a few experiments dealing with time-varying MF exposure given 
within an MRI environment, and we have already started integrating EEG as an additional available 
measurement within this context (see CIGRE paper Nb 45 from Dr. Julien Modolo for details on the first steps 
in this direction). 
 
Follow up on postural oscillations 
 
Results from Phase II suggest a reduction of postural oscillations with eyes closed during a 60 Hz MF 
exposure at 1800 µT [22]. This interesting result tends to confirm previous findings from our group [42]. 
Standing balance is under the control of several feedback loops, including the vestibular system, which is 
likely originating this effect [13]. As a next step, we propose a protocol manipulating visual (eyes closed 
condition only) and proprioceptive (with and without foam underneath the feet) inputs in order to maximize 
the contribution of the vestibular system in postural control maintenance [3, 5, 10, 13, 21, 33, 36-38, 45]. We 
will use a similar protocol as the one presented in the magnetophosphenes section (with a global head 
exposure condition and a local vestibular exposure condition). Exposure conditions will last at least 10 
seconds each (to be defined after pilot data acquisition) and will be given while the subject is standing on a 
force-plate with and without the foam underneath the feet (OR6-7-1000, AMTI, USA). EEG will be 
continuously monitored in the motor cortex region (bilaterally: C2, C4, FC2, FC4, CP2, CP4 and C1, C3, FC1 
FC3, CP1, CP3 electrodes) to detect if any functional neurophysiological modulation can be associated with a 
standing balance modulation (rhythms in the delta, theta, alpha, beta and gamma frequency bands will be 
quantified). Postural control will be quantified using validated characteristics computed on the force plate data 
(see for example [10, 22]). The outcomes will be statistically tested using standard repeated measures ANOVA 
procedures. The objectives will be 1) to confirm the effect observed in our previous experiment, and 2) to 
propose a biological mechanism responsible for this effect. If the vestibular system is the system responsible 
for MF exposure effects on postural sway, then effects should be maximized when the subject is standing on 
thick foam (i.e. subtracting proprioceptive feedback). This fourth experiment will provide an additional 
window on the amplitude threshold at which a 60 Hz MF systematically modulates human neurophysiology 
and motor control.  
 
CONCLUSION 
 
Over the last few years, we have developed and implemented a wide range of non-invasive tests and analyses 
allowing a multimodal approach to investigate the effects of time-varying MF on humans. With the objective 
of establishing a threshold at which systematic effects would be occurring at 60 Hz, we have been able to 
explore exposure levels up to 3 mT so far. Although we have found serious indications suggesting 
neurophysiological modulations at 1.8 mT (tremor and standing balance) and 3 mT (cognitive functions and 
functional brain activation associated with motor and cognitive tasks), these results would need to be 
replicated for confirmation. Thus, it appears that new data is still needed to enrich the database supporting 
international exposure guidelines for occupational exposure of electricity workers as well as for the public. 
Bioelectromagnetics research still needs to document the effects of power-line MF in the mT range, and MF 
intensities up to 50 mT need to be investigated using multimodality approaches to reliably establish this 
neuromodulatory threshold. We will be continuing this effort and subtle neurophysiological effects will be 
further investigated using a combination of fMRI methods, high-density EEG brain mapping in combination 
with neuromotor assessment of the functional outcomes (EMG and tremor recordings).  
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