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Numerous studies have been carried out on the potential effects of an extremely low frequency
(ELF—0–300 Hz) magnetic field (MF) on human health. However, there is limited data on the
effect of a high exposure level to ELF MFs for a prolonged period. Therefore, the objective of this
pilot work was to demonstrate the feasibility of a study evaluating the stress hormone
concentrations resulting from a 10‐min exposure to a 60 Hz MF of several tens of thousands of
µT. In this pilot study, human volunteers were thus exposed for the first time to a 60 Hz, 50 mT MF
for a duration of 10 min. Stress hormone levels were measured before (once), during (twice) and
after (once) this 10‐min exposure period. The small sample size (n= 5) did not allow to conduct
standard inferential statistical tests and no conclusion regarding the exposure effects can be drawn.
However, this study demonstrates the feasibility of using a simple blood testing material in a
protocol testing for the effect of a 10‐min exposure to a high MF level in healthy human volunteers.
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INTRODUCTION

Visual flickering perceptions resulting from
the exposure to an intense extremely low frequency
(ELF—0–300 Hz) magnetic field (MF) have been
described since the end of the 19th century by
D'Arsonval [1896]. These have been called magneto-
phosphenes. They have since been studied in seminal
publications [Lövsund et al., 1979; Lövsund et al.,
1980], from which they have been selected as the
scientific basis for international recommendations to
ELF MF exposures [Saunders and Jefferys, 2007;
ICNIRP, 2010]. However, uncertainties related to
electrophosphene (i.e. resulting from electric stimula-
tions) and magnetophosphene perception thresholds
have been highlighted [Kavet et al., 2008]. Over the
last few years, our research group at the “Lawson

Health Research Institute” has focused on more
precisely establishing the magnetophosphene percep-
tion threshold through experimental studies, carried
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out in healthy human volunteers exposed to up to
50 mT at 50 and 60 Hz [Legros, 2015]. While this type
of study is essential to establish neuro‐physiological
response thresholds, it does not allow the identifica-
tion of potentially lasting biological effects persisting
a few min after the exposure has ended. This is the
main motivation behind this pilot study: showing the
feasibility of a study identifying whether prolonged
exposure (in the order of minute) to a high level of
ELF‐MF can induce post‐exposure biological changes
in selected blood parameters.

The fact that cortisol (compound F) is a sensitive
blood marker resulting from acute or chronic stress
motivated its use in the present pilot work. Is it
possible for an ELF‐MF to induce acute stress
response as measured through plasma cortisol con-
centration? Cortisol secretion peaks between 6:00 am
and 8:00 am, then decreases to almost zero in the
middle of the night, before increasing again to reach a
new peak the next morning [Selmaoui and Touitou,
2003]. For this reason, plasma cortisol needs to be
measured in the morning, around 8:00 am.

Thyroid‐stimulating hormone (TSH) secretion is
another blood stress marker we selected for this pilot
work. TSH does not follow the same dynamics as
cortisol. Like cortisol, it is subject to a circadian rhythm,
but it is pulsatile, with around 12 pulses of 0.5mIU/L in
24 h. Above all, TSH is not influenced by external
factors that can generate acute stress, such as physical
exercise, outside temperature or posture. Finally, unlike
cortisol secretion, TSH is controlled by negative feed-
back from thyroid hormones, dopamine and glucocorti-
coids, and stimulated by noradrenaline [Herbomez,
2014]. All these physiological factors allow TSH to be
reported as a hormone a priori independent to possible
acute stress in comparison to cortisol.

Previous work on blood parameters in humans
were mainly carried out on electricity utility company
workers at levels not exceeding 1 mT and they showed
no difference between exposed and control [World
Health Organization, 1984, 1987; Gamberale et al.,
1989]. Here we are exploring a flux density 50 times
higher in the same frequency range.

METHODS

The fingertip blood sampling method developed by
HemaSpot (http://www.spotonsciences.com/hemaspot-
hf/) enabled this feasibility study on five adult volunteers
(two women and three men, 38± 16 years old) testing
for cortisol and TSH concentrations (other stress
hormones were not available at the time of the study).

The exposure system consisted in a Helmholtz‐
like assembly of two circular coils of 99 turns of

hollow copper wire each (allowing for water
cooling circulation—35.6 cm inner diameter and
50.1 cm outer diameter). The wire of these coils is
glued with very resistant epoxy as one solid bloc,
which avoids the production of vibration sounds.
The two coils are mounted vertically (separated by
20.6 cm) as shown in Fig. 1A, allowing the
volunteer to put his head in the center of the coils.
This exposure system, powered with MTS MRI
gradient amplifiers (MTS Automation Model No.
0105870, Horsham, PA, USA) and driven by a
LabView program (National Instruments, Austin,
TX, USA) is described in previous work [Bouisset
et al., 2020]. A more detailed dosimetry has been
conducted and will be published in an upcoming
article on magnetophosphenes thresholds in hu-
mans, which shows low estimated induced E‐field
levels in the center of the brain (in the order of 0 to
0.2 V/m) and maximum values on the cortical layers
(maximum values in the order of 1.3 V/m at 60 Hz).
Note that the amplifiers cabinet is placed in a
separate soundproof room, which prevents any
sound to get to the experimental room. The hollow
copper wire allows for the circulation of cooled
water, hence preventing the coils from overheating
during the 10‐min exposure to a vertical 60 Hz MF
at 50 mT. In order to confirm that heating at the
level of the volunteer's head would not be a
confounding factor, we measured the heat at the
surface of a phantom head (a watermelon) placed in
the center of the coils for a period of 20 min. The
results show that despite a limited heating at the
contact of the coils, no temperature increase was
measured at the head level.

Each volunteer participated in two experimental
sessions during which their entire head was placed
inside the MF exposure system (Fig. 1B). One of the
experimental sessions was a control session (no active
exposure) and the other was an active exposure
session with a 10‐min exposure to a 50 mT MF at
60 Hz. Despite their silent design, the coils made a
slight buzzing sound at this field level, which was
canceled by volunteers wearing earplugs. In order to
respect the cortisol cycle and to have reliable results
between sessions, the two sessions were carried out at
the same time of the day (8:00 am), on 2 different
days. This pilot work was conducted as part of the
HSREB 1886 ethics protocol approved by Western
University.

RESULTS

Blood samples were taken using HemaSpot
(CoreMedica Laboratories, Lee's Summit, MO) before
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the exposure onset (3 min before the MF starts),
during the exposure (2 and 7 min after the exposure
has started) and after the end of the exposure (7 min
after the exposure ends, see Fig. 2 for a timeline). The
blood test analyses were sent and conducted in the
CoreMedica certified laboratory (blinded), the results
were then sent back to us.

The cortisol and TSH descriptive results Fig. 3
indicate that the participants had blood concentra-
tion values within normal limits for both morning
pre‐exposure measurements. Indeed, at 8:00 am
normal cortisol levels range between 50 and
230 ng/ml, which is consistent with our measure-
ments. Regarding normal TSH values, they are
reported to be between 0.4 and 4 mIU/L, which is
again consistent with our measurements. Although
no statistical tests have been conducted due to the
very small sample size (it was not the intent of this
pilot feasibility protocol to allow for inferential
statistics to be conducted), no difference between
the control and the exposure sessions is suggested
by the descriptive statistics presented in Fig. 3. We
need to mention that the assumption of measure-
ment stability in subjects with cortisol or TSH
levels reflecting a pathology cannot be ruled out.

DISCUSSION

Although this protocol was not designed to
study magnetophosphenes perception, all the vo-
lunteers reported seeing them within the first few
min of exposures. This thus made possible for the
volunteers to distinguish between the control and
the exposure sessions. It is important to note that it
is impossible to prevent the appearance of these
visual phenomena at this level of ELF‐MF flux
density at 60 Hz. Although the volunteers were
familiar with magnetophosphenes perception (they
had already participated in a research protocol
testing for magnetophosphenes thresholds) and
that they were likely not influenced by magnetopho-
sphenes perception, it cannot be excluded that this
might be a confounding experimental factor. How-
ever, blood samples analyses were carried out
without knowledge of the presence or absence of
exposure by the laboratory technician, which blinds
the analysis. Interestingly, magnetophosphenes
were not visible throughout the entire exposure
period, suggesting a possible habituation of the
visual system to the exposure even at this high level.
This adaptation phenomenon had already been
observed by Lövsund [Lövsund et al., 1980] but

Fig. 1. A: The coil system mounted on the vertically adjustable elevator platform.
B: Participant with their head in the coils, positioned within the 50mT homogeneity
region. C: Theoretical magnetic field distribution generated by the coils, with 5mT contour
lines (the color scale on the right is expressed in 104 μT). The thicker inner contour line
represents the 50 ± 5mT homogeneity region.
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requires further investigations since it is poorly
documented.

CONCLUSION

Note again that the objective of this work is not
to report statistical effects of the 10‐min MF exposure

but to demonstrate the feasibility of this procedure on
a larger group of volunteers in the future. This pilot
study actually shows the feasibility of fingertip blood
samples analyses. It is important also to report that,
even though this is the longest human continuous
exposure period to an ELF, 50 mT MF, no participants
reported any adverse effects. In conclusion, this work

Fig. 2. Experimental procedure timeline. An experimental session lasted 30min total, the MF
exposure started at minute 10 and ended at minute 20. The MF is only present during the real
condition and not in the control condition. The gray arrows mark the start of blood collection: at
the 7th minute of the session (i.e. 3min prior to the onset of the MF), at the 12th minute of the
session (i.e. 1min after the start of the MF), at the 17th minute of the session (i.e. 7min after
the start of the MF) and at the 27th minute of the session (i.e. 7min after the end of the MF).
The black line indicates the MF flux density (0 or 50mT). MF, magnetic field.

A B

Fig. 3. A: Mean cortisol levels of the five healthy participants in each exposure conditions.
The error bars represent the Standard Error of the Mean. B: Mean TSH levels of the five
healthy participants in each condition. The error bars represent the Standard Error of the
Mean. Pre: before the exposure, at 7 min (after the beginning of the experimental session);
Begin: during the exposure, at 12min; End: during the exposure, at 17min; After: after the
exposure, at 27min). TSH, Thyroid‐stimulating hormone.
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used the highest MF exposure level at power‐
frequency and it demonstrated the protocol feasibility
to study the potential MF effects on human blood
biochemistry.
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