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A B S T R A C T

Preterm neonates constitute a vulnerable population that is highly sensitive to its environment. Given the in-
creased use of wireless communication devices (mobile and digital enhanced cordless telecommunications, WiFi
networks, etc.), neonates hospitalized in a department of pediatrics are potentially exposed to radiofrequency
electromagnetic fields (RF-EMF). Strikingly, data on RF-EMF levels in pediatric units have not previously been
published.

The objective of the present study was thus to quantify the RF-EMF levels in a 34-bed tertiary department of
pediatrics with a neonatal critical care unit (NCCU) and a neonatal intensive care unit (NICU). To this end, we
used triaxle antenna dosimeters to map the RF-EMF levels in the environment and to measure spot emissions
from medical devices. In a first set of experiments, RF-EMF levels at 144 points in the staff area and in the
children's rooms in the NCCU and NICU were evaluated over a 24-h period. In a second set of measurements
performed in a Faraday chamber, we measured the RF-EMF levels emitted by the medical devices to which
neonates are potentially exposed in the department of pediatrics.

The RF-EMF levels were significantly higher in the NCCU than in the NICU (p < 0.05). Although the two
units did not differ significantly with regard to the average maximum values, the single greatest value recorded
in the NCCU (6 V/m GSM + UMTS 900 (UL) frequency band, in the staff area) was more than twice that
recorded in the NICU (3.70 V/m in the UMTS 2100 (UL) frequency band, in the children's rooms). The NCCU and
NICU did not differ significantly with regard to the time during which the RF-EMF level at each measurement
point was more than two standard deviations above its mean. The RF-EMF level was significantly higher during
the day than during the night (p < 0.001). The various medical devices used in the NICU did not emit de-
tectable amounts of RF.

Overall, RF-EMF levels in the NCCU and NICU were very low. It is probable that the RF-EMFs measured here
were primarily generated by the parents' and staff members' activities, rather than by medical devices. However,
a combination of low-level, chronic exposure with transient, elevated peak values in a vulnerable population of
preterm neonates may be of particular concern. In a department of pediatrics, decreasing preterm neonates’
exposure to RF-EMFs should primarily involve a limitation on the use of wireless communication devices by staff
members and parents.

1. Introduction

The World Health Organization defines prematurity as a live birth
before 37 weeks of gestation (Althabe et al., 2012). The prevalence of
preterm infants is increasing as a result of a greater incidence of pre-
term births and higher survival rates (Msall and Tremont, 2002). Pre-
term infants require respiratory, hemodynamic, and nutritional support
with optimal growth (Glendinning et al., 2001), together with parental

commitment to developmental care (O'Brien et al., 2013).
Hi-tech devices are increasingly used in medical care. Although

these devices improve the quality of care, they can potentially expose
patients and healthcare professionals to electromagnetic fields (EMF).
This is especially true in neonatal intensive care units (NICU), where
many sources of radiofrequency electromagnetic fields (RF-EMF) are
present: mobile phones that use the Global System for Mobile
Communications (GSM) and Universal Mobile Telecommunications
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System (UMTS) standard, cordless phones that use the Digital Enhanced
Cordless Telecommunications (DECT), a specific frequency for emer-
gency calls (Calvente et al., 2017), and new-generation monitoring
devices that connect to Wireless Fidelity (WiFi) networks, for example.

However, very few studies have analyzed the extent of EMF ex-
posure in preterm neonates. Most of the research to date has focused on
extremely low frequency EMF (ELF-EMF; 0–100 kHz). It has been re-
ported that exposure to ELF-EMF was associated with changes in a
neonate's autonomic nervous activity and a transient increase in mel-
atonin production (Bellieni et al., 2012). These results raise questions
about the potential influence of RF-EMF exposure on outcomes in
preterm neonates.

Preterm neonates may be particularly vulnerable to RF-EMF ex-
posure, as a result of their physiological immaturity (Paliwoda et al.,
2018) - especially with regard to the central nervous system (CNS)
(Modrzejewska and Kot, 2016) - and high sensitivity to the NICU en-
vironment (Maki et al., 2017). Specifically the proliferation, differ-
entiation and connections of neurons in the CNS are vulnerable to en-
vironmental factors (Blackburn, 2009a, 2009b). Furthermore, the lower
skull bone density and higher water content in a child's brain (relative
to an adult's) enables RF-EMF energy to penetrate more deeply into
tissue (Christ et al., 2010). Moreover, some very-low-birth-weight
preterm neonates will have to stay in the NICU for a prolonged period –
perhaps up to 100 days (Ancel et al., 2015) - and so will potentially be
exposed to high EMF levels during their growth (Lai and Bearer, 2008).

Li et al. (2015) considered that the safety limits prescribed by the
International Commission on Non-Ionizing Radiation Protection
(ICNIRP, 1998) may not be suitable for the exposure of preterm neo-
nates to RF-EMF (Li et al., 2015). Furthermore, current EMF safety le-
vels are based on literature data on the short-term risk, whereas a large
number of diseases may have a long latency period (Calvente et al.,
2015).

A few studies have shown that neonates are exposed to ELF-EMF
inside incubators, with peak levels of magnetic flux density ranging
from 8.84 μT (Bellieni et al., 2012) to 74.56 μT. ELF-EMF levels in the
NICU's general environment were found to be lower, with values ran-
ging from 0.1 to 0.2 μT (Aasen et al., 1996; Riminesi et al., 2004). One
recent study reported on levels of RF-EMF in the frequency band be-
tween 87.5MHz and 5.8 GHz, although it focused on measurements in a
small neonatal medium care unit (Calvente et al., 2017). To the best of
our knowledge, data on RF-EMF levels to which preterm neonates may
be exposed during their stay in a NICU are not available in the litera-
ture.

The objective of the present study was thus to quantify the levels of
RF-EMF levels in a NICU by mapping the RF-EMF distribution in the
staff area and in children's rooms and by measuring spot emissions from
various medical devices switched on. We expected that this would en-
able us to (i) better characterize the sources and conditions of exposure,
and (ii) provide new data about the actual levels to which preterm
neonates might be exposed during their stay in the NICU.

2. Materials and methods

2.1. Study area

RF-EMF levels were measured in the Department of Pediatrics at
Amiens University Medical Center (Amiens, France) between March
26th, 2018, and October 18th, 2018 (Appendix 1). The department was
inaugurated in September 2014, and comprises two different units: a
18-bed neonatal critical care unit (NCCU) for children born before 32
weeks of gestation or after 32 weeks of gestation but requiring hemo-
dynamic and/or invasive ventilatory support, and a 16-bed neonatal
intensive care unit (NICU). Measurements were made in the de-
partment's staff area and in the preterm children's rooms. No changes in
the service's activities (either the medical staff or visitors) were im-
plemented.

2.2. Equipment

Four dosimeters (EME Spy 200, Microwave Vision Group, Paris,
France) were used to measure the RF-EMF in 20 different frequency
bands from 88MHz to 5850MHz (Table 1) and thus calculate the total
RF-EMF exposure (i.e. the quadratic sum of the RF values in the dif-
ferent frequency bands). The EME Spy 200 dosimeter senses EMF via
three orthogonally arranged antennae, with a sensitivity ranging from
0.01 V/m to 6 V/m (FM, TV3, TETRA, TV4&5 and WiFi 5G) and from
0.005 V/m to 6 V/m (LTE 800, GSM, DCS, DECT, UMTS, WiFi 2G, LTE
2600, and WiMax).

2.3. Measurement procedures

2.3.1. Measurements in staff areas and children's rooms
In a first set of experiments, we measured RF-EMF levels in the

NCCU and NICU's staff areas. The department of pediatrics was mapped
in order to get the best possible representation of the distribution of the
electromagnetic fields. The measurement sites (n=194) were defined
on a standard map (1×1m) and adjusted according to the configura-
tion of the premises. The dosimeters were placed throughout the de-
partment in a pseudo-random manner while avoiding the possibility of
simultaneous side-by-side measurements. The dosimeter was set verti-
cally on a tripod at a height of 110 cm from the floor (corresponding to
the height of a preterm infant in an incubator). Measurements were
recorded every 20 s for 24 h, representing 4231 points per day. The
dosimeters were moved every 24 h. For each measurement point, the
values recorded over 24 h were averaged (63 in the NCCU's staff area,
and 56 in the NCCU's staff area).

In the preterm infants' rooms, measurements over 24 h were made
by placing three dosimeters at various points around the incubator. The
three measurements were averaged over 24 h to give a single value per
room and per day (13 in the NCCU's children's rooms, and 12 in the
NCCU's children's rooms).

2.3.2. Measurements of medical devices used in the department
In a second set of experiments, we used a Faraday chamber to de-

termine whether various medical devices frequently used in the chil-
dren's rooms (e.g. incubators and monitoring devices) were potential
sources of exposure to RF-EMF. The levels emitted by the operating
devices (i.e. in the “on” position) were measured one by one every 4 s
for 3min in the Faraday chamber. For measurements inside incubators,
three dosimeters were placed at the usual position of the feet, abdomen
and head. These three values were averaged to provide a single value
per incubator. The dosimeter was placed as close as possible to the
other devices investigated (transport monitors, phototherapy devices,
warmers, respirators, syringe drivers, and milk syringe drivers).

2.4. Statistics

For each of the 144 measurement points, the maximum value and
the mean value over 24 h were calculated. The maximum values were
averaged over all the measurement points. The single greatest value

Table 1
Bands in the RF spectrum.

FM 87–107MHz GSM 1800 (UL) 1710–1785MHz
TV3 174–223MHz GSM 1800 (DL) 1805–1880MHz
TETRA I 380–400MHz DECT 1880–1900MHz
TETRA II 410–430MHz UMTS 2100 (UL) 1920–1980MHz
TETRA III 450–470MHz UMTS 2100 (DL) 2110–2170MHz
TV4&5 470–770MHz WiFi 2G 2400–2483.5MHz
LTE 800 (DL) 791–821MHz LTE 2600 (UL) 2500–2570MHz
LTE 800 (UL) 832–862MHz LTE 2600 (DL) 2620–2690MHz
GSM + UMTS 900 (UL) 880–915MHz WIMAX 3300–3900MHz
GSM + UMTS 900 (DL) 925–960MHz WiFi 5G 5150–5850MHz
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was also extracted. Furthermore, we calculated the time during which
the RF-EMF level at each measurement point was more than two
standard deviations (SDs) above its mean.

All statistical analyses were performed with Statview software (SAS
Institute, Inc., Cary, NC). The threshold for statistical significance was

set to p < 0.05. The normality of the data distribution was checked by
applying the Kolmogorov Smirnov test. Differences (between the NCCU
and the NICU, between staff areas and children's rooms, and between
daytime and night-time) were probed using a t-test or (for non-normally
distributed data) the Mann-Whitney test.

Fig. 1. 24-h RF-EMF levels in the staff area and children's rooms for the NCCU and the NICU. The cross indicates the mean value.

Fig. 2. Time during which the RF-EMF level was more than 2 SDs above the 24-h mean for the NICU and the NCCU.
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3. Results

The 24-h RF-EMF levels in the staff area vs. the children's rooms in
the NCCU and in the NICU are shown in Fig. 1 and Appendix 2. In the
NCCU, the mean ± SD RF-EMF levels were significantly higher in the
staff area (0.05 ± 0.02 V/m; n= 63 measurement points) than in the
children's rooms (0.03 ± 0.01 V/m, n=13; p < 0.0011). In the
NICU, there was no difference between the staff area (0.03 ± 0.01 V/
m, n=56) and the children's rooms (0.03 ± 0.01 V/m, n=12). The
values for the staff areas and the children's rooms were pooled for the
NCCU and the NICU. The mean ± SD RF-EMF levels were significantly
higher in the NCCU (0.04 ± 0.02 V/m; n=76 measurement points)
than in the NICU (0.03 ± 0.01 V/m, n= 68; p < 0.0001).

The time during which the RF-EMF level was more than 2 SDs above
the 24-h mean for the NICU and the NCCU (for the 20 frequency bands,
and in total) is shown in Fig. 2. Overall, the mean ± SD values did not
differ significantly when comparing the NCCU and the NICU
(48 ± 15 min, n = 76, and 49 ± 14 min, n = 68, respectively;
p = 0.81). However, there significant differences between the two units
for the TETRA I, TETRA III, LTE 800 (UL), GSM + 900 (UL), DECT,
WiFi 2G, LTE 2600 (UL), and WiFi 5G bands.

The NCCU and NICU did not differ significantly with regard to the
average maximum values for the whole set of measurement points
(1.08 ± 0.87 vs. 0.93 ± 0.68 V/m, respectively; p = 0.52). The single
greatest value recorded in the NCCU saturated the dosimeter (6.0 V/m
for the GMS + UMTS 900 (UL) frequency bands in the staff area) and
was notably greater than the single greatest value recorded in the NICU
(3.7 V/m for the UMTS 2100 (UL) frequency band in the children's
rooms).

In the NCCU, there was a significant difference between RF-EMF
levels during the night (0.04 ± 0.04 V/m) and during the day
(0.05 ± 0.05 V/m; p < 0.001) (Fig. 3). The same was true for the
NICU, with a value of 0.03 ± 0.04 V/m during the night and
0.04 ± 0.05 V/m during the day (p < 0.0001). It is noteworthy that
the single greatest values were recorded during the night for both the
NCCU and NICU. The single greatest values recorded during the day
was 3.0 V/m (for the UMTS 2100 (UL) frequency band in the staff area)
in the NCCU and 1.9 V/m (for the GMS + UMTS 900 (UL) frequency
band in the staff area) in the NICU.

In the second set of experiments (performed in a Faraday chamber),
the only device to exceed the limit of detection (0.005 V/m) was the
Mediprema Satis + incubator (Fig. 4), for which we noted oscillation in
the TV3 band (explaining why a SD is indicated in Fig. 4).

4. Discussion

Technological developments have resulted in the extensive gen-
eration of man-made EMF. The impact of exposure to these EMF on
human health is receiving a great deal of attention from scientists and
the general public - especially with regard to the exposure of sensitive
populations like preterm neonates. A precise evaluation of the type and
level of exposure is always an essential preliminary step towards un-
derstanding clinical outcomes in detail.

To the best of our knowledge, the present study is the first to have
measured RF-EMF levels in a department of pediatrics, including an
NCCU and a NICU. Mean RF-EMF levels were significantly higher in the
staff area than in the children's rooms for the NCCU (p < 0.0011).
Overall, levels were also significantly higher in the NCCU than in the
NICU RF-EMF (p < 0.0001). Although the two units did not differ
significantly with regard to the average maximum values, the single
greatest value recorded in the NCCU (6 V/m for the GSM and UMTS 900
frequency bands in the staff area) was above twice that recorded in the
NICU (3.70 V/m for the UMTS 2100 (UL) frequency band in the care
area). The NCCU and NICU did not differ significantly with regard to
the time during which the RF-EMF level was more than two SDs above
the mean. Lastly, the RF-EMF level was significantly higher during the

day than during the night (p < 0.001).
The RF-EMF levels in the present study were lower (0.04 ± 0.02 V/

m) than those measured by Calvente et al. (2017) (0.81± . 0.07 V/m).
The high values in Calvente et al.‘s study were mainly due to the FM
frequency band (0.79 V/m). Given that in-hospital medical devices do
not emit in the FM band, we conclude that Calvente et al.‘s RF-EMF
came from outside. Accordingly, the values reported by Calvente et al.
(2017) may not accurately reflect the RF-EMF levels related to care
activities inside NICU.

In our study, the frequency bands with the highest EMF levels were
GSM + UMTS 900 (UL) (0.02 ± 0.009 V/m) and DECT
(0.02 ± 0.014 V/m) in the NICU, and GSM + UMTS 900 (UL)
(0.014 ± 0.007 V/m) for the NCCU. There are several possible ex-
planations for the low overall RF-EMF levels measured here. Firstly, our
hospital was built recently (in 2014). Secondly, and although the de-
partment of pediatrics is equipped with modern devices that can com-
municate via WiFi networks, the hospital decided to used wired com-
munication exclusively. Lastly, the hospital is located on the outskirts of
the city of Amiens (i.e. close to the countryside) and it is not close to
any telecommunications masts. We therefore hypothesize that RF-EMF
levels in hospitals are site-dependent in terms of the sources (modern

Fig. 3. RF-EMF levels by period of the day (night-time: 6 p.m. to 8 a.m.; day-
time: 8 a.m. to 6 p.m.). The cross indicates the mean.
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vs. older buildings) and prevention policy (e.g. wired vs. wireless).
Our study did not include an analysis of levels of activity in the units:

this prevented us from precisely identifying the sources of the RF-EMF.
Nevertheless, our measurements in a Faraday chamber showed that none
of the tested medical devices emitted RF-EMF levels. One can therefore
conclude that the RF-EMF measured in the children's rooms were gen-
erated elsewhere (i.e. in staff areas, corridors, etc.). It is possible to de-
termine the emission sources indirectly via an assessment of the fre-
quency bands during the day (when most care activities take place) and
the night. The RF-EMF level was significantly higher during the day than
during the night. We hypothesize that this difference was mainly due to
use of the parents' and carers' mobile and cordless phones during the day
because the preponderant frequency bands were in the GSM + UMTS
900 (UL) and DECT bands. In contrast, the average maximum values (in
the GSM+ UMTS 900 (UL) and UMTS 2100 (UL) bands) were greater at
night, and were perhaps related to phone use; given the lower levels of
care activity at night, the parents and staff present may have had more
time to consult their phone - as already suggested by Calvente et al.
(2017). Our present data consolidate the hypothesis whereby the RF-EMF
levels detected within the department of pediatrics were mainly due to
wireless communication systems used during routine care activities. A
subsequent experiment in the Faraday chamber (data not shown) showed
that a DECT phone used in the department was associated with a mean
field of 0.743 ± 0.192V/m over an hour. Under these conditions, the
device was constantly searching for a signal and so this operation might
also account for the high values that we recorded.

Overall, the measured RF-EMF levels were very low (<0.1 V/m);
the average in the NCCU (0.04 V/m) was around 1250 times lower than
the recommended limit of 50 V/m. Even though the latter value was
calculated (ICNIRP, 1998) to take account of the population's hetero-
geneity and frailty, it was not specifically designed for preterm neo-
nates. Moreover, we also observed a single transient greatest RF value
of 6 V/m, corresponding to the dosimeter's saturation level. Hence, we
cannot rule out the possibility that even higher RF-EMF levels were
produced at some point.

The presence of these high peak values raises the question of their
potential impact on the neurodevelopmental outcome of preterm in-
fants. At present, there are no literature data on putative effects of RF
peaks. However, children (and especially preterm neonates) may be
particularly vulnerable to RF exposure. The most frequently suggested

reasons are the vulnerability of the developing CNS (Blackburn, 2009a,
2009b), the greater absorption of RF energy (relative to adults)
(Fernández et al., 2018), and the longer period of lifetime exposure (i.e.
starting at birth or even before). The greater absorption of RF-EMF
energy in children is attributed to a higher tissue water content (vs.
adults) and thus differences in dielectric values (conductivity and per-
mittivity) (Christ et al., 2010). In a study of a porcine model, the di-
electric properties of brain tissues were found to be significantly greater
in young animals than in adult animals (up to 43%, for white matter)
(Peyman, 2011). At a given frequency, the radiation penetrates more
deeply and spreads more widely within a child's brain than within an
adult's brain (Fernández et al., 2018).

5. Conclusions

The present study is the first to have measured environmental RF-
EMF levels in a department of pediatrics' NCCU and NICU. The levels
were low, relative to current guidelines. However, a combination of
low-level, chronic exposure with transient, elevated peak values in a
vulnerable population of preterm neonates may be of particular con-
cern. In a department of pediatrics, decreasing preterm neonates’ ex-
posure to RF-EMF should primarily involve a limitation on the use of
wireless communication devices by staff members and parents. Even
though some earlier research (Bellieni et al., 2012, 2008) has focused
on the potential danger of low-frequency EMF, the impact of chronic
RF-EMF exposure on the physiological and/or developmental trajectory
in preterm neonates now warrants investigation.
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Appendix

Appendix 1. Floorplan of the NCCU and NICU in the Department of Pediatrics at Amiens University Medical Center (Amiens, France).

Appendix 2
Mean RF-EMF values for the staff area and children's rooms in the NCCU and NICU.

Frequency band NCCU NICU

Staff area Children's rooms Staff area Children's rooms

FM 0.01 ± 0.000 0.01 ± 0.001 0.01 ± 0.000 0.01 ± 0.000
TV3 0.01 ± 0.000 0.01 ± 0.000 0.01 ± 0.000 0.01 ± 0.000
TETRA I 0.01 ± 0.001 0.01 ± 0.001 0.01 ± 0.001 0.01 ± 0.001
TETRA II 0.01 ± 0.000 0.01 ± 0.000 0.01 ± 0.000 0.01 ± 0.000
TETRA III 0.01 ± 0.001 0.01 ± 0.001 0.01 ± 0.001 0.01 ± 0.000
TV4&5 0.01 ± 0.003 0.01 ± 0.001 0.01 ± 0.001 0.01 ± 0.001
LTE 800 (DL) 0.005 ± 0.000 0.006 ± 0.001 0.005 ± 0.000 0.005 ± 0.000
LTE 800 (UL) 0.009 ± 0.022 0.007 ± 0.001 0.007 ± 0.015 0.008 ± 0.017
GSM + UMTS 900 (UL) 0.005 ± 0.000 0.012 ± 0.013 0.014 ± 0.027 0.013 ± 0.027
GSM + UMTS 900 (DL) 0.018 ± 0.03 0.006 ± 0.019 0.005 ± 0.000 0.005 ± 0.000
GSM 1800 (UL) 0.005 ± 0.001 0.006 ± 0.000 0.006 ± 0.008 0.006 ± 0.010
GSM 1800 (DL) 0.006 ± 0.006 0.006 ± 0.007 0.005 ± 0.001 0.005 ± 0.001
DECT 0.023 ± 0.016 0.011 ± 0.001 0.011 ± 0.011 0.009 ± 0.009
UMTS 2100 (UL) 0.005 ± 0.001 0.011 ± 0.009 0.011 ± 0.027 0.013 ± 0.034
UMTS 2100 (DL) 0.011 ± 0.026 0.005 ± 0.027 0.005 ± 0.001 0.005 ± 0.001
WiFi 2G 0.007 ± 0.003 0.005 ± 0.001 0.006 ± 0.003 0.005 ± 0.001
LTE 2600 (UL) 0.005 ± 0.001 0.005 ± 0.003 0.005 ± 0.002 0.005 ± 0.000
LTE 2600 (DL) 0.005 ± 0.001 0.005 ± 0.001 0.005 ± 0.000 0.005 ± 0.001
WIMAX 0.005 ± 0.000 0.005 ± 0.000 0.005 ± 0.000 0.005 ± 0.000
WiFi 5G 0.01 ± .002 0.01 ± 0.001 0.01 ± 0.001 0.01 ± 0.001
Total 0.05 ± 0.045 0.03 ± 0.036 0.03 ± 0.041 0.03 ± 0.049
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