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Introduction

Abstract
Working conditions of medical staff in magnetic resonance
imaging rooms are associated with high levels of stationary magnetic
fields and electromagnetic fields of various frequencies and increased
work intensity. It can affect cognitive, psychological and hemodynamic
changes of the body with health issues. It requires not only high
professional training, but also compliance with safety measures, as well
as monitoring of working conditions, health status and carrying out of
medical and preventive measures.
Key words: Magnetic Resonance Imaging, medical staff, physical
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The Republic of Kazakhstan considers preservation of
the working population health as one of the most important
priorities of the state social policy. Medical community is
especially concerned about intensive introduction of such
insufficiently studied factors as alternating electromagnetic
and constant magnetic fields into industrial and living
environment. The lack of common understanding about
the consequences of exposure to non-ionizing radiation to
the health of workers is determined by frequency variety,
intensity, multiplicity of exposure, duration and complexity
of radiation. Pathological conditions and diseases caused by
exposure of non-ionizing radiation are extremely diverse,
individual and often not completely replicable in laboratory
conditions for detailed study. Rapid and widespread
introduction of technically complicated functional methods
into medical diagnostic and treatment processes is currently
due to the urgent need to intensify imaging to fight against
the COVID-19 pandemic. This causes a certain degree of
caution in relation to individual health not only for patients
who undergo repeated examinations, but also for medical
personnel.
Analysis of the results of a number of studies indicate
a significant physiological "cost" of labor, both physical and
mental health infringements in medical personnel of different
structural units of medical and preventive organizations
[1]. The professional conditionality of changes in health
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from the influence of physical factors is emphasized [2].
This entails the need for a special accounting system for
the category of people from risk groups, the development
of recommendations for the early diagnosis and prevention
of identified diseases. One of the leading places in the
morbidity of medical personnel is firmly occupied by
diseases of the musculoskeletal system [3]. It is associated
not only with an increase of the professional stress level,
but also with the influence of complex climatic and
ecological environmental factors. Among medical workers,
a high prevalence of inverse-destructive behavioral risk
factors and relatively low adherence to early diagnosis
and treatment of preclinical manifestations of diseases was
noted [4]. It requires the need to correct these factors. The
influence of electromagnetic fields of industrial frequency
and radio frequency range at the level of permissible values
accompanied the activities of 6.5 and 3.3% of medical
workers in diagnostic departments [5]. At the same time,
the occupational factors parameters of physical nature do
not exceed the permissible values. Medical examinations
for employees of organizations using sources of ionizing
radiation have a number of features, including necessity
of "specialized" medical examination with the obligatory
psychophysiological examination [6].
To highlight the existing problem, an analytical
review of articles in electronic databases (PubMed, Web
of Science, Scopus) for the period from 1990 to 2021
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was carried out. According to the basic keywords used for the
literature search, about 500 sources were identified. 84 cited
sources of literature on the research of domestic and foreign
scientists (articles, monographs, research reports) were selected.
Minimum percentile of journals in the Scopus database was 30,
and maximum was 93 (average percentile for cited journals was
63.35). It should be noted that the publication activity on the
studied topic is increasing over the time.

Prevalence of MRI research in the world

Every year, about 60 million of magnetic resonance
imaging (MRI) scans are carried out around the world, allowing
to obtain the necessary diagnostic information about structural
disorders of the body without the use of ionizing radiation [7].
As MRI technology improves, areas of application are expanding
and the number of patients exposed to magnetic fields increases
[8]. Besides visualization of the condition of internal organs, the
technology of brachytherapy under the visual control of MRI
has expanded rapidly. This led to a change in the course of
clinical examination, standardization of examination techniques
and unification of adaptive determination of minimum required
dose to facilitate targeted implantation [9]. High-quality MRI
imaging has come to be used in hybrid treatment technology
using radiation therapy on the implementation of special MRI
simulator for assessing tumor response to adaptive treatment
[10]. While using these techniques, medical personnel are
exposed to various types of EMFs: static magnetic field (SMF)
that constantly present in- and around the MRI scanner; timevarying electric fields arising during the movement of workers
through the inhomogeneous SMF surrounding the scanner; radio
frequency (RF) pulses in the megahertz frequency range used
to generate a signal; switchable gradient fields in the kilohertz
frequency range that are applied to spatial coding [11]. A study
of the working conditions of 145 MRI departments in the
Netherlands revealed that about 7,000 people worked in rooms
with an MRI scanner. 54% were professionally exposed to
electromagnetic fields (EMF) at least once a day and 9% were
regularly present in a room with a scanner during imaging [11].
The working conditions of medical personnel of MRI rooms
are characterized by a complex of harmful factors: static magnetic
field, increased labor intensity and severity, insufficient natural
illumination, noise. The most unfavorable working conditions
were observed in the diagnostic room when preparing a patient
for examination. The levels of magnetic induction significantly
exceed the maximum permissible levels (MPL). It requires
preventive measures to ensure the hygienic safety of medical
personnel [12]. Health care workers are exposed to various levels
of field influences. They are determined by the characteristics
of the workplace (type of scanner, MRI installation scheme),
category of work, type of procedure and patient condition. In
particular, radiologists, anesthesiologists, interventionists,
nurses, service personnel and cleaners are exposed to SMF and
time-varying electrical fields caused by movement. In this case,
the influence of the gradient and radio frequency pulses occurs
only in special cases. For example, during so-called dynamic
examinations, in emergency cases, while examining pediatric
patients or in the case of interventional medical procedures
[13]. Hygienic working conditions of medical personnel in MRI
rooms in Russian Federation are considered dangerous due to the
effect of constant magnetic field (class 3.1–3.2) and due to noise
level (class 3.1–3.2). The general assessment of the working
conditions of medical personnel in MRI rooms corresponds to
class 3.1-3.3 [14].
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Experience of studying of medical personnel
health under the influence of non-ionizing
radiation

Numerous studies, empirical observations and patient
reports indicate the possibility of relationship between EMF
exposure and health problems. Review of epidemiological
research on cancer, human reproduction, neurobehavioral
responses, neurological, degenerative and heart diseases suggests
an increase in the risks of their occurrence under the influence of
magnetic fields [15]. In medical personnel exposed to a stationary
magnetic field and EMF of RF in MRI rooms, change in the
state of health is associated with poor cardiovascular and central
nervous systems function. This indicates the tension of adaptive
processes of the organism [16]. Affecting the body with various
types of EMF (static, induced, variable, low-frequency and
radiofrequency), MRI can cause nerve and muscle stimulation,
local or systemic tissue heating, changes of blood flow.
Thus, researchers from Iran, while analyzing questionnaires
for health reasons, found a statistically significant difference
between the frequency of complaints of headaches and sleep
problems among MRI workers and the control group (P=0.037,
P<0.001, respectively). In addition, the incidence of myalgia,
palpitations, fatigue, trouble concentrating, nervousness, and
back pain was higher in MRI service personnel than in controls
[17]. In operators working with high exposure scanners (3 Tl),
the average number of detected health symptoms was higher
compared to operators working with a lower exposure scanners
(1.5 Tl). At the same time, at the beginning of professional
activity, MRI operators may experience more different symptoms
of health disorders, neutralized in a few weeks and indicated
some form of adaptation [18].
Transient symptoms of impaired health (dizziness, nausea,
tinnitus and trouble concentrating) in MRI staff in the UK were
reported in 4% of shifts and were associated with longer work
in MRI departments [19]. MRI specialists in Holland, were at
increased risk of accidents while driving and cycling (operating
over a year, with odds ratio OR = 2.13, 95% CI 1.23-3.69) [20].
Comparable risk was observed among employees of enterprises
for the production of medical imaging devices [21]. Experts
from Spain found that among 176 studied unfavorable incidents
in patients in MRI rooms, 20.4% are specific risks inherent in
MRI (burns, management of patients with contraindications),
69.9% are associated with contrast agents (allergies and side
effects), 9.7% - general risks (anxiety, injury) [22].
A high probability of adverse occupational exposure of
static magnetic fields during MRI was observed in examining
animals personnel [11]. MRI equipment uses the strongest
magnetic field, which is constantly present in the MRI office,
while gradient fields (frequencies in the kHz range) and radio
frequency fields (frequencies in the MHz range) are generated
only during the scan procedure [23]. Static magnetic flux density
depends on the distance from MRI scanner. So, movement in
a static field generates time-varying electric fields and currents
in the body of the personnel. The impact of SMF on medical
staff during their induced movement in the MRI room is
accompanied by dizziness, increased heart rate, hypothermia
and the appearance of a metallic taste in the mouth [24]. Shortterm influence of EMF can cause such effects as dizziness,
nausea, metallic taste in the mouth when moving the body or
head, sensation of flickering light in the field of vision, decreased
labor productivity (changes in memory, hand-eye coordination),
changes in blood pressure and heart rate within physiological
variability and transient arrhythmias [25].
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Some literary sources reported that static magnetic fields
affect a number of structures in the human body (retina, pineal
gland and paranasal sinus cells). However, these effects are not
necessarily harmful or teratogenic / carcinogenic [26]. Although,
biological mechanisms are not always clear and health hazards
have not been confirmed some countries have adopted a
“precautionary principle” or “prudent avoidance of exposure
limits”. Known endpoints of health disorders associated with
low-frequency EMF (LMF) and/or ultrahigh radio frequency
(RF) include pediatric leukemia, brain tumors, genotoxic
effects, neurological effects and neurodegenerative diseases,
immune dysregulation, allergic and inflammatory reactions,
cancer breast, miscarriage and some cardiovascular effects [27].
Studying the state of health of medical personnel exposed
to magnetic field in MRI rooms, Russian scientists found changes
in functioning of cardiovascular and central nervous systems,
which indicates the tension of adaptation processes due to the
existing professionally negative factors [16]. Radiologists with
an inserted intrauterine device (IUD) who were professionally
exposed to EMF from MRI scanners reported more about
abnormal uterine bleeding than their counterparts without
an IUD or their non-irradiated counterparts with an IUD. In
particular, physicians presented near the MRI scanner at the time
of imaging showed an increased risk of dysfunctional uterine
bleeding [28]. It was found that the average mineral content in
the bones of the vertebrae and femoral neck, mineral density,
and the average level of 25-hydroxyvitamin D3 were lower in
MRI technicians than in the control group (p<0.01). The average
calcium level of the MRI technician was higher than in the
control group (p<0.05) [29]. Some scientific studies have shown
genotoxic effects in cells after exposure to MRI, while others
have shown none [30].
Long-term prospective or retrospective cohort studies of
workers exposed to intensive fields in the workplace, during the
operation or maintenance of MRI devices are recommended as
a first priority for studying long-term disease risk, to identify
potential biomarkers of cancer and neurological disease risk
[31]. Long-term occupational exposure to LMF can lead to
depression, stress, anxiety and poor quality sleep [32]. Subjects,
exposed to long-term daily exposure to HMF had significantly
higher risk of poor quality sleep compared to subjects with
short daily exposure. Adjusted odds ratios were 1.68 (95% CI:
1.18, 2.39) and 1.57 (95% CI: 1.10, 2.24), accordingly. The
risk of poor quality sleep: 2.12 (95% CI 1.23-3.66) [33]. High
intensity and chronic exposure to ELF-MF causes an increase
in corticosteroid secretion along with depressive and/or anxiety
behavior, without an increase in the hypothalamic-pituitaryadrenal axis [34]. The effect of EMF of RF on the occurrence of
acute cardiovascular diseases was only observed when exposed
to MRI, included static and time-varying magnetic fields [35].
One of the factors affecting the health of medical workers
(radiographers) is radio anxiety, accompanied by anxiety about
their health due to radiation exposure. At the same time, radio
anxiety increases with an increase of work experience [36].
15.8% of medical personnel in the departments of radiation
diagnostics are exposed to ionizing radiation. he health effects
associated with exposure to EMF have been officially designated
by World Health Organization (WHO) as electromagnetic
sensitivity or idiopathic environmental intolerance (IEI). 2007
poll in Taiwan showed that the prevalence of IEI-EMF was
13.3%, and in 2016 it dropped to 4.6%. Moreover, this indicator
was higher in women [37]. The purpose of monitoring of EMF
side effects is to identify electrosensitive workers with increased
susceptibility [38].
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Probabilistic mechanisms of MRI influence
on medical personnel

It is known that EMFs with a frequency of up to 10 MHz
in the body induce time-varying electric fields that can affect
the electrical properties of living cells and change their function
[39]. There is growing evidence that exposure to EMF has a
significant effect on the ability to oxidative and nitrosative
regulation, which may explain the change in susceptibility
to EMF and the variety of symptoms associated with their
exposure. [40].
Assessment of the MRI impact is not an easy task due
to highly variable, difficultly predictable patterns of exposure
depended on the characteristics of the workplace and personal
behavior of each person. A recent large-scale study by the
US National Toxicology Program (NTP) found statistically
significant increase in cancer incidence in rodents exposed to
Groupe Spécial Mobile (GSM) or Code Division Multiple
Access (CDMA) signals for two years with increasing radiation
intensity [41]. Yakimenko I. at al. (2011 y.) published data on
carcinogenic effects of prolonged exposure to low-intensity
microwave radiation [42]. MPL of EMFs cause cancer of brain
and central nervous system, as well as other types of malignant
neoplasms (for example, thyroid cancer) [43].
It was determined in epidemiological study that longterm exposure to occupational ELF-EMF leads to decrease of
inflammatory biomarkers, including NF-κB and IL-6. This
suggests that ELF-EMF may affect the immune system [44].
Several studies have demonstrated that ELF-EMF-induced
oxidative stress can lead to DNA damage [45] depending on the
dose [46]. In the last decade, 8-OHdG has been frequently used
as a biomarker for oxidative damage to DNA. Its presence can
lead to accumulation of gene mutations and oncogenesis due to
its molecular instability. The data indicate correlation between
increased 8-OHdG and carcinogenesis in various tumors [47,
48]. It was found that after professional irradiation in MRI
devices (500 μTl - 3 Tl), the number of NK-cells in workers
increased [49] and innate immunity activated. It is known that
innate immune cells (neutrophils, macrophages, NK-cells, and
other cells) perform their first-line protective functions and
enhance the response by secreting chemokines, cytokines and
other inflammatory mediators. They also promote the maturation
and activation of adaptive cells of immune system (T- and
B-Lymphocytes), which carry out a powerful antigen-specific
immune response against pathogens [50].

Perspective ways to reduce the adverse
effects of MRI on health

The maximum magnetic flux density associated with the
movement of workers near the MRI scanners, depending on the
change of flux density over time, may exceed both the high level
of exposure to the whole body and the level of exposure to limbs
according to the revised Directive (International Commission on
Non-Ionizing Radiation Protection (ICNIRP) 2013 / European
Union (EU)). However, exposure limits do not apply only for
MRI workers [23]. Factual data are compared with other sources
of magnetic fields at the workplace and show why the European
Commission decided to propose them as an exception. The
calculated 1 Hz induced electric field associated with movement
can also exceed the health impact limits in some scenarios of
exposure to both the central and peripheral nervous systems.
The ICNIRP recommended the basic standards of
permissible exposure. The Directive 2013/35 UE states that 2
levels of magnetic fields are permissible: with frequencies from
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1 to 400 Hz when exposed to the "central nervous system"
(magnetophosphenes) and three times exceeding to the limbs
[51]. This is applicable for workers who install, test, use, develop,
maintain or research related MRI equipment. According to the
study of the Nofer Medical Institute (Poland), the exposure of
medical nurses to EMFs in the 0-300 GHz range, emitted from
MRI apparatus, was classified as appropriated to the Polish
hygiene standards and assessed as safe [52]. In the Republic of
Kazakhstan (RK), the permissible level of magnetic induction
intensity of the SMF is 10 mTl (with a general exposure) or 15
mTl (with a local exposure) with an 8 hour shift [53]. It is known
that higher intensive field of MRI provide a higher signal-tonoise ratio and better spatial resolution. This results in better
visualization of anatomical details, reduction of scanning time,
and appearance of new unexpected and possibly unsafe working
conditions [54]. Publications that specify maximum exposure
values for specific frequencies to compare individual exposures
with acceptable action levels of radiation (ICNIRPs) have been
presented in a review [55]. The SMF inside MRI scanner or
near certain places of MRI scanner (1.5 Tl, 2 Tl and 4 Tl) can
cause the formation of current density and electric fields that
exceed the relevant standards of ЕU, ICNIRP and the Institute of
Electrical and Electronics Engineers (IEEE). This was observed
both during routine procedures for patients and during exposure
to pulsed magnetic fields or their combinations while moving
through surrounding space [56].
To determine the true exposure to EMF, it is necessary
to carry out individual measurements in real time and space,
using, for example, personal exposure- meters [57]. The results
of carried out inspection measurements of 20 MRI devices (0.2
- 2.0 Tl) confirm the need to monitor the impact of MRI at the
workplace during the entire shift. It is caused by the influence of
time-varying magnetic field pulses (gradient field) arising during
examination of the patient. The level of worker exposure depends
on both the magnet type and ergonomic design of every MRI
device [58]. Similar studies were conducted on 98 participants
in the UK. Using dosimeters it was found that at the workplaces
of not entering the MRI scanner room during imaging staff, the
geometric mean peak of SMF and time-varying magnetic field
(TVMF) were 448 mTl and 1083 mTl, respectively [59].
Using portable magnetic field dosimeters for working with
MRI devices personnel (Netherlands) it was found that, on average,
3.7% of time of the work shift the subjects were exposed to EMF.
Average and peak exposure levels while working indoors with an
MRI scanner were highest among technicians and radiographers
and lowest among cleaning staff and anesthetists. It was noted
that height of employee is negatively associated with measured
levels of exposure [60, 61]. Researchers from Italy found that the
average values of time spent by radiologists to place the patient
and remove the patient out of the area of X-ray examination were
220 and 127 seconds, respectively. The maximum intensity of
static field during the patient's placement could achieve 500 mTl.
So, part of time with magnetic flux density above 200 mTl was
about 31%. All respondents wore Teslameter sensor at the chest
level on the closest to the scanner zone side [62]. MRI scanning of
head or neck showed the highest level of average peak magnetic
field [63]. Influence of caused by movement induced electric
fields from MRI scanner (1.5 Tl, 4 Tl and 7 Tl) was modeled on
the phantoms of male and female bodies. It was proved, that the
person cannot be closer than 0.5 m in the axial direction form the
MRI scanner with magnetic field intensity 1.5-7 Tl. To comply
with the standards, the speed of movement of person in the SMF
should not exceed 1 m/sec [64]. In [65], the SMF was measured
(magnetic flux density) near two MRI scanners (1.5 Tl) during
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imaging. A model of movement in spatially varying magnetic
field was created. It was found, that the whole body exposure from
being near the front side of magnet exceed the limits specified
in the EU Directive. Wherein the speed of movement should
be limited to 1/5 of normal walking speed. Compliance with
exposure limits ensures that MRI workers are protected from the
acute effects of EMF (dizziness, stimulation of excitable tissues).
Long-term exposures can lead to cumulative harmful effects on
personnel, including carcinogenic ones, which can be assessed by
structural and numerical indicators of chromosomal aberrations
[66].
It should be noted that measurements and calculations
performed at specific limited set of workplaces does not exclude
the possibility of higher impacts at other workplaces. Awareness
and risk knowledge about work with MRI equipment, about
methods of patient and staff protecting remain insufficient at the
present time. It requires further study and bringing to the working
staff notice [67].
To reduce the harmful effects of MRI factors on the health
of personnel, a number of administrative measures have been
proposed as protection (adherence to a strict work schedule,
modification of scanners), the use of protective equipment
and keeping self-monitoring diaries for health state [24]. Slow
movement of personnel in an intensive EMF (2-8 Tl) and an
emerging electric field (more than 1 Hz) can prevent the occurrence
of various sensory sensations and dizziness. Work with intensity
of more than 8 Tl, when stimulation of peripheral nervous system
is possible, should be limited [68]. At the same time, headache,
sleep problems, slowing down responses to irritants and memory
impairment can appear even with an MRI intensity of 1.5 Tl [69].
Similar changes were observed in 867 subjects, including exposed
to EMF workers with changes of oxidative stress after exposure
to EMF [70]. Green tea polyphenol supplementation (GTPS) has
been used to reduce oxidative stress by individuals experiencing
oxidative stress from EMF due to profession.
To improve the safety of personnel and patients during
MRI examinations, it is recommended to minimize the number
and duration of exposures to SMF. It is necessary to assess the
feasibility of the procedure, to pay attention to the quality of the
resulting image to avoid unnecessary repetition of the procedure.
Continuous training and certification of staff is mandatory [71],
because the staff of MRI rooms is prone to a false sense of security
[24].
Working with MRI requires strict adherence to safety
principles regarding access and structured surveillance. Patients,
staff and doctors being in close proximity from the source of SMF
may be in potentially dangerous situations for health, possibly
with damage of equipment. It is possible in the presence of
metal objects, jewelry and implants near the MRI scanner [72].
The MRI imaging technique poses a serious risk to personnel.
Preparing the staff member it is necessary to pay attention to safety
training [73], correct patient management in compliance with
communicative norms, ensuring and maintaining confidentiality
[74, 75]. Strict adherence to safety rules by personnel around the
MRI is just as important as controlling the level of tension. It is
necessary to develop theoretical models and dosimetry of SMF
near MRI (1.5 Tl and 3 Tl) under normal operating conditions,
during its maintenance (replacement of elements), in emergency
situations [76]. Also, to ensure the safety of patient management,
a reasonable design of MRI scanners and its location, provision
of the necessary premises for personnel [77], a clear marking of
the floor in the room, limitation of the speed of body movement
and head movements are required [78].
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Conclusion

Expanding the scope of MRI increases the number of
medical and technical personnel with risk of exposure to EMF
and noise at the workplace. This requires further hygienic
study of the features of the amplitude-frequency and temporal
parameters of the magnetic fields created by the gradient coils
of the MRI, selection of adequate controlled parameters for their
hygienic assessment under various operating modes [79, 80].
High magnetic flux density and internal electric field intensity
are observed in devices for magnetic stimulation. RF fields can
be exceeded near diathermy devices, during electrosurgical
procedures and hyperthermia [81]. Listed above determines
the relevance of further research of adverse effects of nonionizing radiation on the health of medical workers in order to

clarify hygiene standards, safety measures and development of
corrective measures.
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