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COMMUNICATIONS

Extra low frequency magnetic fields of
welding machines and personal safety
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∗
, Milan Oravec

∗
, Miroslav Šmelko
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The article is focused on the determination of the amplitude and the frequency parameters of the extra low frequency
(ELF) field, created by the use of electro-technical devices.
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1 Introduction

ELF (Extremely Low Frequency) is a name for a field
with extremely low frequencies in range 0 - 300 Hz. The
fields with frequency 50/60 Hz are used in ordinary con-
ditions. Some of the sources use the frequencies below 50
Hz, but there are processes that produce the frequencies
bellow 50 Hz, such as demagnetization, welding, and spe-
cial drivers and so on. The sources of the ELF fields are
described and summarized in Tab. 1.

The standards for exposition to the ELF fields and
the safety limits are discussed in article. The ELF fields
are fields with frequencies in range from 0 Hz to 300 Hz.
Most of the electro-technical devices are operated by the
50 Hz or 60 Hz frequency. The operating devices pro-
duce the effects with lower frequencies than their own
supply frequency. The brain frequencies around 0.5 Hz
were discovered during the past years and called the ep-
silon level. The article describes the exploration of the
ELF fields during the process of arc welding by different

kinds of arc welding machines. All of the tested welding
machines produce strong magnetic fields around the 5 Hz
frequency with no dependance on the welding machine
type. The ELF radiation of the welding machines con-
necting wires and electric arc are discussed in the article.
The results of the measurements are compared to actual
standards for non-ionizing radiation. The recommenda-
tions for reduction of the impact of the ELF fields during
the use of welding machines are described at the end of
the article.

2 Influences on human health

Further research of different brain waves, associated
with different states of consciousness, brings the discov-
ery of new frequency ranges, respectively consciousness
levels. Some kinds of deep meditations, ecstasy, inspira-
tions or extracorporeal perceptions show the frequencies
lower than 0.5 Hz. This frequency range was named the

Table 1. Sources of ELF [1, 2]

Group Effect B (T) f (Hz) Notes

Transformers
275 and 400 kV 1×10−5 50 1)1.5 mand convertors

Inductive heating
1×10−5 50 1) > 1 mDevices using injection press

induction Inductive heating 6×10−2 < 50 1) < 1 m
Demagnetisation coils 1×10−4 < 50 2)

welding (3×400 V) 1×10−4 < 50 3)

Arc welding welding CO2 1×10−5 < 100 3)

welding invertor 1×10−6 < 100 3)
1) distance from transformer
2) according to the coil principle
3) according to the machine type
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DOI: 10.2478/jee-2018–0084, Print (till 2015) ISSN 1335-3632, On-line ISSN 1339-309X c© 2018FEI STU



494 H. Pačaiová, M. Oravec, M. Šmelko, P. Lipovský, F. Forraj: EXTRA LOW FREQUENCY MAGNETIC FIELDS OF WELDING . . .

Table 2. Sources of EMG and their influence to the organism and organism biochemistry [4 - 13]

Group Effect
Magnetic flux Frequency

Notes
density (T) (Hz)

Magnetic storm 2.10×10−5 > 10−5 Hurbanovo 5/2000

Natural Earth EMG pulsing 1.00×10−7 0.002-5 -

fields Magnetosphere resonance cavity 5.00×10−5 550 -

Lightings atmosphere distortions 5.00×10−5 < 2000 -

Natural background (Slovakia) 4.60×10−5 1.00×10−5 -

Cell Isolated cells 1.00×10−3 0-100 Isolated cells
structures Nerve stimulation 1.50×10−5 15-25 experiments

Organs Retina 5.00×10−3 20 -

Recognition 2.00×10−5 50 20 µT - 1.26 mT

Decreased accuracy
6.00×10−4 50

-
of numerical excercises

Cardiovascular system decreasing
2.00×10−5 60

-
Functions of cardio arrhythmia

Immunity system. increasing of
2.00×10−3 50-600

-
oxidation reactions monocytes

Reproduction (gnawers) 3.00×10−2 50 smaller skeleton augment

CNS changes of hippocampus
1.00×10−4 50 -

opioid receptors norepinephrine
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Fig. 1. The attention should be taken to the highlighted frequency ranges [16]

Epsilon level. It was necessary to adjust the EEG de-

vices for measuring of such ultra-slow brain frequencies.

Ankermüller [3] demonstrated the connection between

the brain Alfa waves frequency and the Schumann res-

onance. König demonstrated the correlation between the

Schumann resonance and the brain rhythm in 1979. He

compared the human EEG with the natural environment

EMG and discovered that the Schumann frequency is very

close to the Alpha rhythm frequency.

Magnetism is used also as a healing instrument. Mag-

netotherapy is based on sensitivity of a person to mag-

netic fields. Human exposed to the impact of magnetic

fields reacts by the tissue receptors [14]. The reactions of

radicals and ion exchange are known, mainly Ca2+, which

activates vasodilatation, analgesic, stimulate healing, my-

orelaxation of the soft tissue and so on. Electrical voltages

induced by magnetic fields are lower than the membrane

voltage of cells, but presumable are enough to influence

the membrane receptors and initiate the biochemical re-

actions in cells. Magneto mechanical influences are ob-

served in the strong magnetic field intensity, when free

radicals arise, activate antioxidation systems and initiate
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Table 3. Sources of ELF - different arc welding machines

Welding B(T) Welding

machine current

Position X-axis Y-axis Z-axis

1 8×10-6/50 Hz
6.0×10-6/50 Hz

1.3×10-5/50 Hz

Triodyn 2.6×10-6/150 Hz 2.2×10-6/150 Hz

(3x400) 2 2.0×10-6/5 Hz 1.0×10-6/5 Hz
9.8×10-6/100Hz

70 A

transformer 9×10-6/100 Hz 5×10-6/100 Hz

3 2.0×10-5/5 Hz 1.8×10-5/5 Hz 2.7×10-5/5 Hz

1 8.4×10-7/50 Hz 3.4×10-7/50 Hz 1.3×10-7/50 Hz

2×10-7/150 Hz 8.0×10-8/150 Hz 5.0×10-8/150 Hz

MIG (CO2
1.0×10-5/10 Hz

4.2×10-5/100 Hz

OMI 166) 2
2.4×10-5/100 Hz

4.0×10-6/100 Hz 1.4×10-5/200 Hz 70 A

0.9×10-5/300 Hz

3
4.9×10-6/4 Hz 2.8×10-6/4 Hz 1.0×10-6/4 Hz

4.8×10-6/100 Hz 2.6×10-6/100 Hz 0.7×10-6/100 Hz

2.4×10-8/100 Hz 9.4×10-8/50 Hz 1.0×10-7/50 Hz

1 3.0×10-8/125 Hz 5.3×10-8/150 Hz 1.2×10-7/125 Hz

5.0×10-8/250 Hz 2.6×10-8/250 Hz 5.2×10-8/150 Hz

Invertor
2 8.6×10-7/5 Hz

4.4×10-7/5 Hz
6.6×10-7/5 Hz 80 A

(ARC 120) 4.0×10-8/50 Hz

3
2.2×10-7/5 Hz 3.2×10-7/5 Hz 1.0×10-7/5 Hz

1.0×10-7/50 Hz 1.5×10-7/50 Hz 0.5×10-7/50 Hz

many biochemical reactions. Magnetic fields with low fre-
quency increase the excitability of CNS and decrease the
blood flow in larger diameter vessel. The limiting values
of the exposure levels are presented on Fig. 1., according
to the ICNIRP [15]. Frequency ranges highlighted by the
red colour needs further attention.

The ICNIRP handbook does not take into consid-
eration the studies about functionalities based on the
changes of chemistry in inner organs, the CNS for ex-
ample, during individual reactions initialized by ELF. It
is mainly the production of free radicals initialized by the
ELF. It is a fact that the ICNIRP handbook and other ex-
tracts (directive 35/2013/EU) of the WHO (World Health
Organisation) studies made a comment in caption about
the fact that these documents do not consider the chronic
impacts. The magnetic flux density value for range 1 - 8
Hz is too high in comparison to the values in Tab. 2. This
would lead to the changes in a health condition. The psy-
chology knowledge describes the effects in range of the
Alpha, Beta and Epsilon levels [16, 17]. The studies indi-
cate the effects in the range 1 - 25 Hz, shown at a lower
magnetic flux density level than is the limit value for the
range 1 - 8 Hz. The ICNIRP dealt with the vector funda-
mentals of ELF in 2014. The factor dB/dt is used and the
effect of speed of its change is taken into account [18]. The
directive 2013/35/EU follows the ICNIRP in a large ex-
tent. The WHO accepts the ICNIRP in exposition of hu-
mans by EMI and non-ionizing radiation. The differences

in the limits prepared by ICNIRP, CENELEC (The Eu-
ropean Committee for Electrotechnical Standardization)
ENV 50166/95 and ACGH (The American Conference of
Governmental Industrial Hygienists) are minor, but do
not take into consideration the results in the publications
of the WHO.

3 Experiments and results

The measurements were performed on two types or
arc welding machines, transformer and MIG (CO2 ). The
magnetic flux density for each machine was measured in
three positions with respect to the welding machine. The
first position (1) was measured with a sensor placed on
the top of the welding machine while turned on, with-
out welding. The second position (2) was measured with
a sensor placed between the connecting wires from the
welding machine to the hand grip. The third position (3)
was measured 40 cm from the welding point. This dis-
tance is equivalent to the distance of a workers head. The
measurement was performed by the VEMA 041 magne-
tometer designed for measurements of the vector station-
ary and the low-frequency magnetic field. The magne-
tometer operates with a constant sampling rate of 1 kHz
at a sensitivity ≥ 2 nT. The magnetometer allows mea-
suring, recording and analysing of the magnetic field in a
time and a frequency domain.
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The vector character of the generated magnetic field
is apparent from the realized measurements, however the
recommendations are given in scalar values that do not
respect the rotation (change) of the magnetic field vector
in space and time. The knowledge of the magnetic field
vector placement and its magnitude allow us to place the
worker outside the area with over limit values.

4 Conclusion

The measurements prove that the source of the EMG
field is welding arc, not the device itself. The second ma-
jor source of the EMG can be the connecting cables from
the welding machine to the hand grip. These properties
should be taken into account during the using of the weld-
ing machine. The ICNIRP handbook deals with the vec-
tor fundamental of the ELF field, but within the measure-
ment principles still use inadequate tools. The use of the
scalar quantity does not allow studying the time and the
space displacement of the workstation and the worker po-
sition. The dynamics of the magnetic field are not taken
into account. The difference can be observed mainly in
the magnetic field intensity and the direction with respect
to the source and the monitored area. The difference be-
tween these two vectors can bring the information about
the absolute limiting values and the equivalent dose.
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