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Abstract

: Electromagnetic exposure and acoustic noise constitute significant
occupational hazards in MRI facilities, with sound pressure levels typically ranging
from 80 to 110 dB (A) with potentially discomfort or pain, demanding due
attention to maintain the health of personnel. Thierefore, this study was conducted
with the aim of evaluating the environmental levels of static magnetic fields,
electromagnetic fields, and noise in a magnetic resonance imaging center.

: The parameters of the static magnetic field were
measured with a 3-axis Gauss meter, the electromagnetic field with a TES-92
device, and the equivalent sound level with a CEL 63-X device in the control
room, waiting room, and imaging room. SPSS software and nonparametric
Kruskal-Wallis tests and paired comparisons of three sections were used to analyze
the data at a significance level of 0.05.

: The highest static magnetic field value was 5.51 mT on the left side of the
scanner, the electric field was 63.91 v/m in front of the scanner, 168.41 mA/m in
the front of the scanner, and the Leq was 86.77 dB on the left side of the scanner.
There was a significant difference between the values of the static magnetic field,
electric field, and magnetic field in the control room and their values in the
imaging room. Also, there was a significant difference between the average static
magnetic field at a distance of one meter and two meters during different scans.

: The average levels of the static magnetic field and electromagnetic
field were lower than the national standard limits of Iran. This indicates that in the
MRI unit, exposure to the assessed factors is generally below the permissible level,
which is considered a positive sign in terms of occupational safety.
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Introduction

In medical magnetic resonance imaging (MRI)
systems, the required magnetic field consists of
a constant static field generated by strong
superconducting magnets and time-varying
fields produced by gradient and radiofrequency
coils. Healthcare personnel are routinely
exposed to static magnetic fields, which remain
continuously active during scanner operation.
Such exposure typically occurs while assisting
patients before and after imaging procedures or
operating equipment within or near the magnet
room. Therefore, continuous monitoring and
compliance with safety regulations are essential
to minimize potential occupational health risks.

Low-frequency electromagnetic fields (EMFs)
are capable of stimulating sensory organs and
excitable tissues, whereas high-frequency
EMFs may induce thermal effects that can lead
to tissue overheating and cellular damage.
Occupational exposure to strong static and
time-varying magnetic fields generated by MRI
systems (typically 1.5 T, 3 T, or higher) has
been associated with various self-reported
neurobehavioral symptoms among healthcare
personnel. Although several studies have
assessed the potential health risks of such
exposure, the evidence regarding chronic or
long-term  effects remains limited and
inconclusive. The International Agency for
Research on Cancer (IARC) has classified both
low-frequency and radiofrequency EMFs as
possibly carcinogenic to humans (Group 2B).
Furthermore, combined exposure to multiple
electromagnetic fields within MRI
environments has received relatively little
scientific ~ attention.  In  addition to
electromagnetic  exposure, acoustic noise
constitutes a significant occupational hazard in
MRI facilities, with sound pressure levels
typically ranging from 80 to 110 dB(A), and
potentially causing discomfort or pain when
exceeding 120-140 dB. In order to maintain the
health of personnel, it is of great importance to
evaluate harmful factors in an MRI unit to
determine their levels and compare them with
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standards. This study was conducted with the
aim of evaluating the environmental levels of
the static magnetic field, electromagnetic field,
and equivalent sound level in a magnetic
resonance imaging center.

METHODOLOGY

This  descriptive-analytical  cross-sectional
study was conducted at the MRI center of a
hospital. Data collection was carried out in
collaboration with the senior radiographer of
the center. The MRI unit operated daily in two
shifts: morning (07:30-13:30) and evening
(13:30-07:30). The available MRI scanner was
a 1.5 T Philips model. Measurement stations
were selected based on site surveys conducted
in three main areas: the control room, the
waiting room, and the scanning (imaging)
room. Measurements were taken at distances of
one and two meters on the right, center, and left
sides of the MRI scanner.

In order to measure the Static Magnetic Field,
measurements were performed in the control
room, waiting room, and imaging room using a
three-axis Gaussmeter (Model 401, Lake Shore
Cryotronics, USA). Measurements were
recorded during imaging of various anatomical
regions, including the spine and brain. A total
of 80 measurements were obtained to assess the
static magnetic field intensity.

For Electromagnetic Field (EMF)
measurements, the electric and magnetic field
parameters were measured using a TES-92
EMF meter. A total of 80 readings were
collected to evaluate environmental exposure
levels of the electric and magnetic fields within
the MRI unit.

As for the noise measurement, the a acoustic
noise levels were measured using a CEL-63X
sound level meter (SLM). In accordance with
ISO 9612 standards, the SLM microphone was
positioned at a height of 1.5 meters during
scanning to record the equivalent continuous
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sound level (Leq). A total of 20 noise

measurements were obtained.

Finally, the collected data were analyzed using
SPSS software (IBM Corp., Armonk, NY,
USA). Descriptive  statistics, including
frequency distributions and descriptive indices,
were used to summarize the data. The
Kolmogorov—Smirnov and Shapiro—-Wilk tests
were applied to assess data normality. Non-
parametric Kruskal-Wallis tests and pairwise
area comparisons were performed where
appropriate. A confidence level of 95% and a
significance level of 0.05 were adopted for all
statistical analyses.

RESULTS

The results indicated that the highest average
value of the static magnetic field was observed
on the left side of the scanner (5.51 mT). The
maximum average electric and magnetic field
strengths were recorded in front of the scanner,
measuring 63.91 V/m and 168.41 mA/m,
respectively. The highest equivalent continuous
sound level (Leq) was also detected on the left
side of the scanner, with a mean value of 86.77
dB.

The  Kruskal-Wallis  analysis  revealed
statistically significant differences between the
static magnetic field values measured in the
control room and those in the right (P=0.02),
opposite (P=0.01), and left (P=0.002) sides of
the imaging room. Similarly, significant
differences were observed for the electric field
values between the waiting room and the right
(P=0.01), opposite (P=0.003), and left (P=0.05)
sides of the imaging room. For the magnetic
field, significant differences were found
between the waiting room and the right (P=
0.01), opposite (P=0.003), and left (P=0.04)
sides of the imaging room.

Furthermore, there was a significant difference
in the mean static magnetic field between
distances of one meter and two meters during
brain, spine, and other organ scans (P<0.05).
However, no significant difference was
observed between the mean static magnetic
field values recorded during brain scans
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compared with spine and other organ scans, nor
between spine and other organ scans, at either
one-meter or two-meter distances (P>0.05).

DISCUSSION

In this study, the average values of the
measured static magnetic field in all sections
were below the national exposure limits. The
static magnetic field intensities in the control
and waiting rooms were significantly lower
than those recorded in the imaging room.
Among all locations, the waiting room
exhibited the lowest electric field, magnetic
field, and equivalent continuous sound level
(Leq). The average electric field strength
measured in front of the scanner (63.91 V/m)
slightly exceeded the national reference value
of 61 V/m, and the magnetic field strength
(168.41 mA/m) also surpassed the standard
limit of 160 mA/m in the same location.
However, both parameters remained within
permissible safety margins in the control and
waiting rooms.

Measurements of the static magnetic field at
distances of one and two meters from the
scanner demonstrated that field intensity
decreased with increasing distance, with
statistically significant differences observed
between the two measurement points. These
findings are consistent with those reported by
Ratebe et al., who found the maximum static
magnetic field at a distance of approximately
one meter from the scanner, the region most
frequently occupied by MRI personnel.
Similarly, study reported that magnetic field
strength declines significantly with distance
from the scanner bore, corroborating the results
of the present study.

Regarding acoustic exposure, the Leq values
recorded in front of, and on the right and left
sides of the scanner were 84.6, 84.62, and
86.77 dB, respectively, which may be
attributed to the design and operational
characteristics of the specific MRI model used.
The Leq in the control room was significantly
lower than that in the imaging room, indicating
adequate sound insulation and spatial
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attenuation. Comparable findings were reported
by recent study which measured ambient sound
levels of approximately 73 dB near the magnet
entrance and exit, with peak levels reaching up
to 88 dB during intensive imaging sequences.

Overall, the results revealed that exposure
levels in the MRI environment could vary
substantially across spatial locations, with the
imaging room representing the highest
exposure zone for both electromagnetic fields
and acoustic noise. These findings emphasize

the importance of continuous monitoring,
adherence to safety guidelines, and
implementation of engineering and
administrative controls to minimize

occupational exposure among MRI personnel.

CONCLUSIONS

The findings indicated that the levels of static
magnetic fields and EMFs during both work
shifts (i.e., morning and evening shifts) were
below the national standard limits of Iran. The
results also demonstrated that occupational
exposure is influenced by the distance from the
MRI scanner, highlighting the importance of
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maintaining appropriate safety distances and
limiting the duration of time spent in the
imaging room. The Leq in the imaging room
during both shifts ranged between the action
level of 82 dB and the national standard limit
of 85 dB. Therefore, it is recommended that the
MRI personnel use appropriate hearing
protection when present in the imaging room.
Although the Leq in the control room remained
below the standard limit, non-auditory effects
of noise, such as decreased concentration,
fatigue, increased human error, and reduced
work efficiency, may still occur, which
emphasize the need for preventive measures
and workplace management strategies to
mitigate occupational risk.
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