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Abstract

In gas-shielded arc welding, selecting the appropriate gas mixture is crucial not only for
welding quality but also for reducing harmful UV radiation, which poses an occupational
health risk. The aim of this research was to investigate the intensity of UV-A and UV-B
radiation (290-390 nm) in the low-current range (10-45 A) using pure argon (Ar), helium
(He), nitrogen (N3), and a 70% Ar/30% He gas mixture. The measurements demonstrated
that the composition of the shielding gas drastically affects UV emission. Under identical
parameters, pure argon generates around three times higher radiation levels than pure
helium. But when 30% helium was added to argon, the UV emission was significantly
reduced by approximately 30%. The highest UV values were recorded with pure nitrogen.
The tests revealed that the main reason is severe arc instability: the expanding plasma
surface area significantly increases radiation. Overall, it can be concluded that in the low-
current welding range, arc stability determines the magnitude of UV radiation to a greater
extent than the emission characteristics of the gases. However, further measurements are
needed to draw conclusions for higher amperages.

Keywords: ultraviolet radiation; gas radiation; argon radiation; nitrogen radiation; helium
radiation; welding safety; radiation safety

1. Introduction

Ultraviolet (UV) radiation is an important topic in many scientific and industrial fields.
Numerous sectors either utilise its beneficial properties or focus on protecting themselves
from its harmful effects [1,2]. The UV radiation can be both useful and dangerous, de-
pending on how it is viewed. It can be highly beneficial, such as in deliberate applications
like sterilisation and disinfection, or it can pose a significant hazard when emitted as an
unintended byproduct of other processes. It is necessary to understand firstly what UV
radiation is and how it works, so it can be decided which category it falls into and from
what perspective each type of UV should be examined. UV radiation is a type of elec-
tromagnetic (EM) energy that can be classified along with other forms of radiation, such
as X-rays or infrared light [3]. It is part of the electromagnetic spectrum, as illustrated in
Figure 1, based on the literature [4-6]. Within this spectrum, the properties of the radiation
vary depending on its wavelength. For example, the range from approximately 380 nm to
750 nm corresponds to visible light, which enables human vision. Adjacent to this region
are the infrared wavelengths slightly longer than visible light and, on the other side, the
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ultraviolet range [3,5], which is the focus of this research. The UV range extends roughly
from 100 nm to 380 nm, which is entirely outside the visible spectrum for the human eye,
although in some rare cases, people may perceive light near the upper limit of UV radiation
of around 350 nm. There are some discrepancies in the literature regarding the exact length
of UV radiation, with 400 nm being the end of the range in many cases and 380 nm in
other cases [7,8]. The reason for this debate is the way it is measured; it changes based on
what it is measured for, visibility or wave properties [1,9,10]. UV radiation is considered
non-ionising because its photon energy is generally insufficient to remove electrons directly
from atoms or molecules. In the 290-390 nm range investigated in this study, UV radiation
can cause serious biological damage through photochemical and oxidative mechanisms,
but it does not act in the same way as ionising radiation such as X-rays or gamma rays.
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Figure 1. UV spectrum in the wavelength scale (figure made by the author based on [1,9,10]).

As previously stated, although this radiation falls outside the visible spectrum, it
significantly affects the human body, posing severe risks to the skin and eyes depending
on its specific wavelength. UV radiation can be categorised into various classifications
based on the field of application (e.g., healthcare, astronomy, or occupational safety). The
most widely accepted wavelength range classifications are summarised in Table 1, based
on the literature [5,6]. In everyday contexts, ultraviolet radiation is primarily generated
by the Sun as thermal radiation and is commonly referred to as UV-A, UV-B, and UV-C.
In contrast, during welding, UV radiation is generated by an electrical discharge that
creates an extremely hot, ionised arc plasma; as excited atoms and ions return to their lower
energy states, they emit high-energy photons across the entire optical spectrum [11,12].
Furthermore, there are additional regions, such as Far-UV and Extreme-UV (EUV); the
latter is strongly absorbed by atmospheric oxygen and typically propagates only in a
vacuum [5,12]. Among these, the UV-A, UV-B, and UV-C ranges are of primary practical
and occupational safety significance in manufacturing technologies, particularly within the
welding industry, which is the focal point of this article.

Table 1. Radiation spectrum from X-ray to Infrared [5,6].

Radiation Range Designation Wavelength Range

X-Ray <10 nm

(Extreme UV) EUV 10-121 nm

(Far UV) FUV 122-200 nm

UV-C 200-280 nm

UV-B 280-315 nm

UV-A 315-400 nm

Visible light 400-760 nm

Infrared (IR) 760 nm—1 mm
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While UV-A and UV-B radiation pose significant occupational health risks, such as
direct DNA damage and severe erythema [3,13], UV radiation also has highly beneficial
industrial applications. For instance, the high energy and germicidal properties of the UV-C
range are intentionally utilised in various industries for the disinfection and sterilisation of
materials, surfaces, and environments [10]. However, in the welding industry, the emission
of these powerful UV radiations is not the objective; rather, it is an entirely unwanted and
hazardous byproduct that requires strict protective measures.

1.1. The Effect of UV on the Skin

Ultraviolet (UV) radiation emitted by the sun and artificial sources has profound
effects on skin cells and molecules, and understanding these effects is essential. These
effects can induce both acute and chronic changes in the skin, depending on the wavelength
and the degree of exposure. From biological and dermatological perspectives, the most
active parts of the UV spectrum are UV-B (280-315 nm), which damages the deeper layers of
the epidermis; the more deeply penetrating UV-A (315-400 nm); and the high-energy UV-C
(100-280 nm). Although natural solar UV-C radiation is almost entirely filtered out by the
Earth’s ozone layer, artificial sources, particularly welding arcs, emit significant amounts.
This range, including the upper zone of far-UV radiation (far-UV-C, 122-200 nm), has the
lowest penetration power; thus, its energy is almost entirely absorbed in the outermost
layer of the skin (stratum corneum). Consequently, it is extremely destructive to this upper
layer and, without adequate protection, can rapidly cause severe acute damage, such as
intense erythema [3,6,10].

The most common and visible acute effect is erythema, commonly known as sunburn,
which represents a distinct inflammatory response of the skin. This process involves the
dilation of superficial blood vessels, accompanied by sensations of warmth, tenderness,
and pain. Although erythema often appears during or immediately after exposure, its
intensity and associated pain typically peak 6-24 h after exposure. In cases of more severe
exposure and inflammation, blistering may also occur, indicating significant damage to the
deeper layers of the skin [3,6].

The radiation-induced defence process of pigmentation, also known as tanning, is a
complex, multiphase biological mechanism activated differently by various wavelengths.
UV-A radiation rapidly induces immediate pigment darkening (IPD) within minutes, which
persists for only a few hours. This is followed by persistent pigment darkening (PPD),
lasting up to 24 h, which then gradually leads to delayed tanning (DT). Delayed tanning
develops 3-5 days postirradiation and remains visible for weeks or months [3]. There is a
physical rationale for this difference: UV-A increases melanin density in the deeper, basal
layers of the skin, resulting in more durable pigmentation. In contrast, UV- B acts primarily
on the superficial layers of the epidermis, where damaged cells are shed more rapidly [3].

The damaging effects of radiation at the cellular and molecular levels are highly
hazardous. Due to its short wavelength, UV-B radiation causes direct DNA damage, for
example, by forming cyclobutane pyrimidine dimers and thymine dimers. In parallel,
UV- A radiation acts indirectly via oxidative stress: melanin facilitates the formation of
reactive oxygen species (such as cytotoxic hydrogen peroxide), which can induce DNA
strand breaks and ultimately lead to cell death [1-3]. The body employs molecular defence
mechanisms: upon exposure to UV-B, it activates the p53 protein, which stimulates melanin
production, while it counteracts UV-A-induced oxidative stress by increasing levels of the
heme oxygenase 1 (HO-1) enzyme [3].

Long-term, repeated UV exposure leads to cumulative chronic changes, such as pho-
toaging, immunosuppression, and carcinogenesis [1,13]. During photoaging, the skin loses
its elasticity, its texture coarsens, and deep wrinkles, dilated blood vessels, and permanent
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pigment spots appear. However, the most serious consequence is the development of skin
cancer and melanoma, in which UV-B has been shown to play a more significant and aggres-
sive role than UV-A [1,14,15]. It is a critical medical fact that the harmful, DNA-damaging
effect of UV-B is independent of skin pigmentation: the extent of DNA damage depends
almost exclusively on the magnitude of the radiation dose [3,15].

Although individual responses are significantly influenced by genetics and the Fitz-
patrick skin phototype scale, where lighter skin types (Types I and II) burn easily and face
a higher risk of malignancy, while darker skin types (Type V) exhibit faster DNA repair
and reduced UV penetration, protection remains essential [16]. Since the skin’s natural
pigmentation primarily provides protection against longer wavelengths, shorter, more
insidious UV-B radiation poses a critical risk to all skin types [3,15].

1.2. The Effect of UV on the Eye

The most common consequence of acute UV exposure is photokeratitis (also known
as welder’s flash), an inflammatory reaction of the cornea. Symptoms include severe
pain, a foreign body sensation, photosensitivity, lacrimation (tearing), and eyelid spasms
(blepharospasm). Clinical signs manifest as conjunctival hyperemia, corneal oedema, and
epithelial detachment. These symptoms peak after a latency period of 30 min to 24 h
(averaging 6-12 h) and typically resolve within 48 h [6]. Although the condition is largely
reversible, it causes serious temporary visual impairment. Because many individuals
attribute the gritty sensation in the eyes to fatigue or general working conditions, the
condition remains significantly underdiagnosed [6,17].

The extent of ocular damage is physically closely related to the wavelength of UV
radiation, as the cornea acts as a filter. The UV-C range is almost completely absorbed
by the corneal surface. Furthermore, 40-70% of environmental or artificial UV-B is also
absorbed by the anterior surface, with only 3-8% penetrating the inner structures of the
eye. In contrast, the longer-wavelength UV-A can penetrate the cornea to a much greater
extent, approximately 40-60%, and thereby reach the lens. This explains why, while UV-C
and UV-B primarily damage the superficial layers of the cornea, UV-A can also induce
pathological changes in deeper structures [6].

At the cellular level, radiation causes drastic damage once the exposure threshold is
reached. It is estimated that as little as 200 s of unattenuated UV-B radiation is sufficient
to induce photokeratitis. Cell death (apoptosis) and desquamation are accelerated in the
outermost layer of the cornea (epithelium). In severe cases, the entire epithelial layer can
detach down to the basement membrane, exposing nerve endings and causing excruciating
pain. While the outer epithelial layer can regenerate, the inner monolayer of cells respon-
sible for fluid balance (endothelium) cannot divide. Due to UV-induced damage in this
region, the tissue can swell by up to 200%, and the organised arrangement of collagen fibres
is disrupted, leading to temporary myopia [6]. Furthermore, endothelial cell destruction is
permanent; small nodules (guttae) may form under the membrane, potentially progressing
to Fuchs’ dystrophy, which can ultimately lead to blindness [6].

It is a critical physiological fact that the cornea cannot develop adaptive resistance
to radiation. Repeated exposures do not increase resistance; in fact, cumulative damage
significantly raises the risk of developing chronic pathologies [6,14]. This danger is par-
ticularly prevalent in the welding industry. Safety regulations often focus solely on the
welder, yet surveys indicate that in 83% of cases, other workers are also present within the
welding zone [18]. Since work areas in shipbuilding or on construction sites are difficult to
demarcate, and research shows no close correlation between the use of personal protective
equipment (PPE) and the knowledge of radiation hazards, workers are particularly vulner-
able [18,19]. Therefore, precise measurement of optical radiation and accurate designation
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of critical safety zones are essential to protect the vision of both welders and surrounding
personnel [18-20].

1.3. The Effect of UV on the Immune System

Ultraviolet (UV) radiation not only causes direct damage to skin cells but also exerts
a profound systemic and local effect on the immune system. Exposure induces a drastic
decrease in the number and activity of Langerhans cells in the epidermis, as well as a
decline in the function of circulating T lymphocytes. This results in a general weakening
of the immune response, known as immunosuppression, which compromises the body’s
defences against both pathogens and tumour cells [3,13,20].

At the molecular level, the mechanism of immunosuppression depends strongly on the
radiation wavelength. Shorter-wavelength UV-B activates chromophores in the upper layers
of the skin and causes direct DNA damage, such as the formation of cyclobutane-pyrimidine
dimers. In contrast, more deeply penetrating UV-A induces oxidative stress, free radical
formation, and lipid peroxidation, thereby damaging cell membranes [13]. UV exposure
also induces a local “energy crisis” by inhibiting glycolysis in human keratinocytes, leading
to a collapse of the cells’ energy supply. Consequently, key antigen-presenting cells, such
as Langerhans and dendritic cells, either undergo apoptosis or migrate to the lymph nodes.
This leads to impaired antigen presentation and reduced cytokine production. Instead of
mounting an effective immune response against pathogens, the immune system inhibits
T-cell activation and develops long-lasting immunological tolerance [13].

This UV-induced immune tolerance has dual physiological consequences. From a
homeostatic perspective, the modulation of inflammatory responses may provide thera-
peutic benefits in certain conditions: UV-induced immunosuppression can alleviate the
symptoms and reduce the recurrence of autoimmune diseases (e.g., multiple sclerosis),
asthma, and polymorphic light eruption (PLE) [13].

However, these negative effects far outweigh the potential benefits. Due to compro-
mised immune defences, the body becomes more susceptible to infections; for instance,
herpes and papillomaviruses are reactivated more frequently, and the efficacy of vaccine-
induced immunological memory is also demonstrably reduced. Furthermore, the photo-
sensitive skin rashes associated with various autoimmune diseases, such as systemic lupus
erythematosus (SLE) and dermatomyositis, are significantly exacerbated by UV radiation.
Nevertheless, the most critical consequence is oncogenesis: the combined immunosup-
pressive effects of UV-B and UV-A facilitate the progression of various skin malignancies,
including melanoma, squamous cell carcinoma, and basal cell carcinoma, from cells har-
bouring DNA damage [13,20]. However, these adverse effects should be interpreted as
potential occupational hazards rather than unavoidable consequences of welding work. Un-
der normal industrial conditions, the risks associated with UV radiation can be effectively
controlled by appropriate occupational safety measures, including shielding, correctly
selected personal protective equipment, auto-darkening welding helmets, UV-resistant
clothing, controlled access to the welding area, and the designation of safe distances. There-
fore, the health risk becomes critical mainly when these preventive measures are absent,
inadequate, or improperly applied.

1.4. The UV Radiation in the Welding Industry

The most common and intense sources of artificial optical radiation in industrial
environments are welding arcs. The welder needs to protect themself with personal
protective equipment, but visitors, engineers, and others who pass by a welding area are at
risk of injury if they do not wear protective equipment, depending on the amperage used
and the welding shielding gas. In contrast to natural radiation, the radiation generated
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by welding plasma is not filtered by the atmosphere; consequently, the entire spectrum,
ranging from the entire UV spectrum (10400 nm), including extreme and far UV, to
the visible (VIS) and infrared (IR) regions, reaches the environment in extremely high
doses [11,21,22]. Although the welding arc plasma also produces UV radiation below
200 nm (FUV and EUYV), this range is almost immediately absorbed by the surrounding air
and the shielding gas (frequently leading to ozone formation). As a result, the biologically
critical radiation range that actually reaches the skin and eyes of the welder is limited to
the spectrum between 200 and 400 nm, comprising UV-C, UV-B, and UV-A [8,10,12].

The lack of adequate protection is reflected in alarming health statistics: surveys indi-
cate that 86% of workers experience UV-induced keratoconjunctivitis, 92% have suffered
flash burns, and 40% experience neck erythema [23,24]. These injuries frequently occur
even when welding helmets are utilised, largely due to the critical moment of arc ignition.
At this instant, extremely intense UV emissions are generated within a fraction of a second,
often before traditional shields are properly positioned [12,21,25]. Modern, auto-darkening
sensor-controlled welding helmets that react within milliseconds offer a solution to this
issue. Their parameters, such as shade level, sensitivity, and delay, can be fine-tuned for
specific arc types and currents, thereby drastically reducing radiation exposure [26]. The
auto-darkening welding helmet designation is DIN 3/11 EW (the designation indicates the
optical state: ‘3’ is inactive, and ‘11’ is the safety-active dark, while the EW sign is the suit
of the European standard). In the default setting of the welding helmet, i.e., in the light
state, the mask transmits approximately 5-14% of visible light with a value of ‘3’, while
during welding, when switched to the dark state, which can be adjusted to “11’, this ratio
drops to below 0.1%, and at the maximum level of 13’, it drops to as low as 0.0003%.

From a physical and chemical perspective, the spectrum and intensity of UV radiation
generated during welding depend largely on the specific technology employed. Research
has demonstrated that the presence of metal vapours within the arc plasma is a critical
factor: even concentrations of less than 1% can drastically increase visible and UV radiation.
Furthermore, at extremely high temperatures, the most hazardous short-wave UV-C radia-
tion becomes dominant [11]. Radiation levels are also determined by factors such as the
arc-plasma geometry, the type of shielding gas, and the plasma’s self-absorption capacity.
When metal atoms entering the plasma return from an excited state, they emit photons at
characteristic wavelengths (metallic resonance); in the case of optically thinner plasmas,
nearly all of this radiation is emitted into the surrounding environment [11,22,27].

The emission dynamics also vary across the different stages of the welding process, a
phenomenon that is particularly pronounced during non-contact arc ignition in tungsten
inert gas (TIG) welding. During this process, a high-voltage pulse ionises the shielding
gas, initiating an electron avalanche and creating conductive plasma channels (streamers)
between the workpiece and the electrode [12,28]. The return of excited gas atoms and ions
to their ground state releases a massive quantity of high-energy UV photons. Consequently,
the initial stage of arc ignition produces an extremely intense and hazardous UV emission
peak, followed by the continuous, stable emission of the arc [12,28]. Because different
shielding gases and operating parameters yield vastly different UV spectra, precise expo-
sure measurement and technology-specific protection are essential to ensure the safety of
those in the vicinity [22,27,28].

2. Measuring Methods and Daily Limit of Ultraviolet Radiation
2.1. The Daily Limit of the Ultraviolet Radiation

The daily UV limit is a unit set by the International Commission on Non-Ionizing
Radiation Protection (ICNIRP) to limit the amount of UV radiation a person can be exposed
to on a given day [8]. The daily threshold is 3 mW/cm?; above this, the body is no
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longer able to regenerate effectively with only a night’s sleep, leading to accelerated and
permanent cell damage. To put this into perspective, if an instrumental measurement is
0.001 mW/cm?, that means a human can stay in that emission range up to 60 min a day.
The calculation method is given by Equation (3). However, it is important to note that
radiation varies with wavelength, as the UV-A, UV-B, and UV-C ranges cause different
levels of biological damage. But the correct equation can be calculated with it [21].

The term “light” is used in a very broad sense to describe any electromagnetic wave,
whether out of the visible spectrum (such as IR or UV) or in the visible spectrum (red,
green, blue, etc.). Based on the fundamentals of quantum mechanics, starting from the
work of Max Planck, the energy of an elementary unit of optical radiation (the energy of a
photon) can be determined by the following Equation (1) [29].

Q= (h-)/A, 1)

where Q denotes the photon energy (J), while h is Planck’s constant (6.623 x 1073#7-s) and
c is the speed of light (3 x 10® m/s), respectively. The wavelength A (m) can be derived
from the v (Hz) frequency calculated using Equation (2) [29].

A=c/v, ()

To determine the daily UV radiation intensity representing the health or safety value
for a full 24-h cycle, the formulas presented in Equations (3) and (4) are required [21]:

tmax = X/Eeff, 3)

Equation (3) represents the exposure limit (tmax) of the UV radiation for a 24-h period
to which someone can be exposed, while Equation (4) describes the efficiency of radiated
energy. The formula describes the maximum amount of exposure in the subject; if this is
calculated for the human body, X needs to be chosen as 3 mJ/cm? as a WHO suggestion.
This is the maximum amount recommended by health regulations for one day [30].

400

Eeff = 180

Ex-S(A)-AA, (4)

To get the time for the exposure, it is divided by the effective exposure Eeff (mW /cm?),
and with that, it is known how much time can be spent in that radiation range. If the
exposure is 1 mW/cm?, then 3 s is available to leave before any long-standing damage. The
variables in Equation (4) are E; (spectral radiated energy in W/ (cm?-nm)), S()) (relative
spectral efficiency), and AA (the average wavelength in nm). Equation (4) describes the
calculation model for the measured radiation intensity in an area. With the knowledge of the
previous equations, how much the welder is exposed to in daily work can be measured [31].

2.2. Industrial UV Radiation Measurement

Usually, in the welding industry, two main polluting components are measured: the
fume and the light emission. In the safety standards, the parameters usually measured are
fumes, electric shock, mechanical crushing by movable parts in pressure processes, or jig
systems, etc. [12]. In this research, the two most important hazardous parameters are fume
concentration and UV radiation. The reason for this is that if the fume concentration reaches
a critical point, it can interfere with the UV emission [32,33]. For the measurement of the
UV radiation, the most accepted method is to use a fixed point from the welding process
to be tested at a fixed position and measure the emission. If it is necessary to measure the
emission in a larger space, then the measuring point can be moved to every important
measuring point and a 3D scale of the radiation can be made [29,34,35]. The measuring
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method for welding can be seen in Figure 2, which was made based on the experiment
used in the tests of Takahashi, J. et al. [21], research about gas metal arc welding.

Detector of hazard
/
e ekl <7 lightmeter
< ([CCCCT@@@ 0
90°
Detector of hazard
lightmeter
D Welding th
90° / 45°Q
Welding direction 10 Welding direction
e 70% /——> .
Y i \ 5
Base metal '\
Spectrometric
Movable table detector

(Direction of movement of the table)

Figure 2. The setup layout for UV radiation measurement. (Figure made by the author based on
Takahashi, J. et al. [21]).

It is important to mention the differences in the scale of emission depending on the
welding process we are using and the shielding gas in the process [22,34,35]. If we look
at arc welding with coated electrodes, we can say that the UV radiation is significantly
lower compared to arc welding processes with shielding gas [35,36]. Even if we speak
about the same welding process, if we choose a different option, like changing between
AC and DC, the structure of the wavelength spectrum can change, so the measurement
needs to be calculated with that as well [11]. The most critical aspect of such evaluations
is selecting a measuring device with the appropriate spectral range. As demonstrated in
the research by Nagi et al. [11], using equipment with a limited measurement range means
that critical radiation wavelengths and rapid spectral shifts can be entirely left out and
not considered in the final analysis. Furthermore, the base material heavily influences the
spectrum output, as shown by Cressault et al. [37], who analysed the radiation emitted by
isothermal arc plasmas in pure air compared to air-metal mixtures. Their findings revealed
that introducing even a few per cent of metal vapour from the welded material into the
plasma drastically changes the emission results, specifically by increasing the overall
radiation intensity by several orders of magnitude and completely altering the dominant
spectral peaks. The gas metal arc welding process establishes unwanted UV radiation.
Measuring the radiation level is a complex task because of the sensitivity of the emission to
environmental and welding parameters; even small changes can cause significant changes
in UV radiation. The reason for the results is the following: either the composition of the arc
changed or the stability, as well as the diameter of the arc. The reasons can lead to problems
with the welded product quality. Consequently, these variations negatively impact the
hazard zone surrounding the welding operation, significantly altering the critical exposure
distances. These processes and connections are discussed at greater length in Sforza, P, &
de Blasiis, D.’s [38] research and G. Alvarez Bestard and S. C. Absi Alfaro’s research about
the development of welding [28].

https://doi.org/10.3390/safety12040095


https://doi.org/10.3390/safety12040095

Safety 2026, 12, 95

9o0f 16

2.3. The Used Test Method

The three main gases we researched were nitrogen, argon, and helium, as well as a
mixture of argon and helium. We used a fixed setup where the parts per million (ppm) value
of the shielding gas in the chamber could be measured, and the amperage could be freely
adjusted during the process. The purity of the shielding gas was maintained at 12 L /min,
and the ppm at the start of the test was less than 1000 ppm. The gases were helium 4.6,
argon 4.6, and argon 70-helium30 (4.6 purity designation equal to 99.996% purity of the
gas in accordance with the EN ISO 14175 standards), and the distance between the two
electrodes was 1 mm. The schematic of the experimental setup is shown in Figure 3.

TIG torch

Ceramic insert

Nozzle seal — Tungsten
// electrode
Gas nozzle =17 T oo
plate
[ ArC
Quartz nozzle |
Copper
o holder
Pipe

e

Figure 3. The experimental setup of the arc chamber and its main parts (figure made by the authors).

The sensor was placed at a fixed distance from the measuring device, which measured
UV radiation in the range of 290-390 nm. The device used for the measurements was a
PCE-UV34 UV(PCE Deutschland GmbH, Meschede, Germany) meter, and for generating
the desired current, we used a Panelectrode ZEUS 200 LCD type welding machine, made
by Panweld ER 23 Ltd., Budapest, Hungary. According to the manufacturer’s specification
of the PCE-UV34 UV meter, the instrument is intended for UV-A /UV-B measurements and
provides direct irradiance values in mW/cm?. Therefore, it is suitable for industrial field
measurements aimed at comparing UV radiation levels under different welding conditions
and supporting preventive occupational safety decisions. The parameters that we used
in every measurement were direct current with a starting current of 20% less than the
main current in every test, and the shielding gas flow rate was constant at 12 L/min. The
setup can be seen in Figure 4. As shown in the figures, the arc was generated between
two tungsten electrodes. This material was chosen for its remarkably high melting point,
which creates an ideal environment for forming the arc. The arc was formed between two
tungsten electrodes. The material of the electrodes was tungsten lanthanum WLal5, and
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the diameter was 2.4 mm, with the electrode in a copper socket to ensure the best possible
heat conduction. To ensure that the shielding gas flowed within a closed space, a quartz
bulb was used. Based on preliminary measurements, it did not affect the UV radiation
results, but it provided a controlled environment for the experiments.

TIG torch

Arc
UV meter

UV radiation
e

< 200 mm >

Figure 4. The schematic picture of the measurement (figure made by the authors).

We also conducted tests using a porcelain gas deflector, but the results showed occa-
sional oxidation of the electrode, and it was difficult to control the purity of the shielding
gas due to atmospheric contamination. As discussed in the previous part of the research, the
composition of the shielding gas and, consequently, the plasma can significantly influence
the level of UV radiation.

In this research, we aim to draw attention to the hazards of ultraviolet (UV) radiation
and to emphasise the importance of appropriate protective measures during TIG (Tungsten
Inert Gas) welding, not only for welders but also for personnel supervising or assisting
the process. The study focuses specifically on UV radiation emitted by the TIG welding
arc. For this purpose, an experimental setup was selected that minimises contamination
and enables the investigation of UV radiation generated primarily by the shielding gases
themselves. This controlled arrangement makes it possible to compare the effect of different
shielding gas compositions on UV emission under consistent welding conditions.

3. Results

In our tests, we aimed to check the characteristic changes in UV radiation in the case
of different shielding gases.

The results of the argon, helium, and their mixture tests can be seen in Figure 5. As
shown in the diagram, the emission at 10 A ranges from a minimum of 0 mW/cm? to a
maximum of approximately 0.06 mW /cm?. The zero minimum occurs because the 10 A
measurements were so close to the lower detection limit of the equipment that we could
not obtain a reading in every instance; consequently, the lowest values were rounded to 0.
Below 10 A, starting the arc becomes increasingly difficult, so we only measured down to
10 A. In the tests, we adjusted the welding current in 5-ampere intervals and monitored
the corresponding changes in the emission from the gas mixtures. As observed, argon,
which has a higher radiation wavelength in the measurement range than helium, shows
approximately three times higher UV radiation intensity compared to helium. This can be
traced back to the ionising energy of the gases [7]. Interestingly, when only 30% helium
was added to the shielding gas mixture, the radiation level decreased by about 30% as
well. In this case, the difference was only around twice that of pure helium radiation at
the same current. This means that if we add a gas with different parameters, it can change
the radiation with a huge impact on the results. So, as of now, we can say that if we use
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pure helium, we can get around a 55% decrease in radiation compared to argon. And we
can get a 30% decrease in the case of a 30% helium 70% argon mixture. With this result, we
performed one more test at only 45 amperes with a 70% helium-argon mixture. The results
gave us an extra 20% decrease in the UV radiation. With this, we can say that if we use a
more highly concentrated mixture, it will not be necessary to use much less UV radiation
within exact ranges. The fitting curves shown in Figures 5 and 6 were generated from
the measured average UV irradiance values using Microsoft Excel’s built-in least-squares
trendline function. A polynomial trendline was applied only to visualise the tendency
of the measured data within the investigated current range. The fitting was performed
without additional weighting, and the coefficient of determination (R?) was calculated
in Excel from the measured mean values and the fitted curve. The curves are therefore
intended only as descriptive visual aids and not as physical models of arc radiation. No
extrapolation outside the measured current range should be made from these curves. In
particular, the fitted curves should not be interpreted as indicating UV emission at 0 A,
because no welding arc exists without current. Values close to zero at 10 A were treated as
measurement values close to the lower detection limit of the instrument and were included
only for the measured current point. The fitted curves (Figure 5) are shown only to visualise
the measured trend within the 1045 A current range and should not be extrapolated to 0 A
or beyond the measured interval.

0.45

R?=0.992

{ R?=10.969

0.40

0.35 4
0.30
0.25 4
0.20 4

UV radiation [mW/cm?]

0.10 —/

0.05 i_

0.0046

R?=0.991
0.15 el }

—e— Argon

Amperage [A]

-+ -+ 30% Helium 70 % Argon

35 40 45 50

- -&-- Helium

Figure 5. Diagram of UV emission in the case of amperage of argon, helium and a mixture containing

30% helium.
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0.5 1
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Figure 6. Diagram of UV emission as a function of amperage and of nitrogen.
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For more precise findings, more gas mixtures need to be tested.

The average data with its deviation from these tests is presented in Table 2. The stan-
dard deviation values presented in Table 2 indicate the repeatability of the measurements
at each current level and gas composition. Where appropriate, these values should be
considered together with the plotted trends when interpreting the variability of the UV
emission. When using nitrogen, arc ignition at 10 A proved highly difficult and unstable.
Nevertheless, a measurable UV radiation value was detected at this current level and is re-
ported in Table 2. This value should be interpreted as a near-threshold measurement rather
than as a stable operating point. The fitted curves shown in Figure 5 are valid only within
the experimentally investigated current range of 1045 A. They must not be extrapolated
to 0 A or to any current value outside the measured interval. At 0 A, no welding arc is
generated; therefore, there is no arc-related UV emission from the shielding gas plasma.
The fitted curves are used only to visualise the trend of the measured data within the tested
current range and should not be interpreted as physical emission models at very low or
zero current. As part of the research, we conducted tests with nitrogen. In these tests, we
observed that it has a way higher radiation intensity than we expected. The results of the
test can be seen in Figure 6. During the test, the arc was much more unstable than with
argon or helium, which is why the radiation jumped by an order of magnitude. This is
also supported by the fact that at the beginning of the measurement, we only measure
2-3 times the radiation, and then it suddenly increases when the arc loses its stability. As
the arc expands, the increase in the radiating surface is directly proportional to the rise in
radiation. As a result, we can conclude that the stability of the arc is a very important factor
in terms of UV radiation. In welding, a stable arc is preferable first and foremost if you
want to produce a good weld, but this result gives us an additional reason to choose the
correct gas mixture for every application [15]. This also supports the statement that in most
cases, it was only nitrogen that was used in welding root protection.

Table 2. The UV levels as a function of the used gases and amperage, and the standard deviation of
the measured data as a function of the amperage.

Chemical Composition of the Used Gases (%)

Amperage 100% He 100% Ar 30% He 70% Ar 100% N2
Measured UV Level (mW/cm?)
10 A 0.0046 0.0629 0.0255 0.0064
1I5A 0.0206 0.1390 0.0324 0.1575
20 A 0.0344 0.0993 0.0510 0.3870
25 A 0.0430 0.1763 0.1015 0.5340
30 A 0.0624 0.2041 0.1198 0.9190
35 A 0.0802 0.2760 0.1705 1.1625
40 A 0.0990 0.2824 0.1830 1.5200
45 A 0.1628 0.4227 0.3090 2.3800
Amperage Standard deviation (mW/cm?)
10 A 0.003441 0.013642 0.005442 0.002221
15 A 0.005043 0.198047 0.012580 0.019092
20 A 0.009023 0.018968 0.024369 0.069130
25 A 0.005083 0.025355 0.068180 0.194548
30 A 0.006140 0.056562 0.033236 0.192033
35A 0.005563 0.037384 0.046275 0.208310
40 A 0.002973 0.089789 0.068158 0.358391
45 A 0.034568 0.053392 0.053009 0.723878
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4. Discussion

Our results show that the composition of the shielding gases drastically influences the
intensity of the emitted UV radiation. Under identical parameters, pure argon generates
around three times more UV radiation than pure helium. This difference can be attributed
to the different ionisation energies and plasma characteristics of the gases, similar to what is
mentioned in the literature regarding ionisation energies (based on the work of Diffey [7]).
On the base of the examination of different gas mixtures, it should be noted that adding
just 30% helium to the shielding gas mixture resulted in a reduction in radiation levels of
approximately 30% compared to pure argon. But in the case of 70% helium, the changes
are not this radical, only a 20% reduction in radiation. This shows that by consciously
modifying the gas composition, the UV exposure can be effectively reduced, while the
favourable arc properties of argon are largely retained, but the effect is not linear with the
change in the gas percentages.

The highest UV radiation values were observed during the measurements with pure
nitrogen, reaching 2.38 mW/cm? at 45 A. Based on the analysis of the arc we saw in the
tests, this order of magnitude jump is directly related to the severe instability of the arc. The
loss of arc stability and expansion proportionally increases the radiating plasma surface,
resulting in extremely dangerous UV levels. This instability and the resulting emission
change highlight that even small changes in technological parameters and arc geometry
have a significant impact on the danger zone, as detailed in previous research on welding
processes by Sforza and de Blasiis [37] and Alvarez Bestard and Absi Alfaro [38].

In future research, it is worth extending the measurements to higher currents and
wider spectra, including the biologically extremely destructive UVC range. We also aim
to investigate the relationship between the stability of UV emission and the quality of the
weld, and to determine precise safety distances (occupational exposure limits) for specific
gas mixtures. In further research, it is absolutely justified to examine the effect of welded
materials and metal vapours, since the results of Cressault et al. [11] highlighted that even
a few per cent of metal vapour entering the plasma can increase the radiation intensity by
orders of magnitude and completely change the dominant spectral peaks.

It should be noted that the present results refer to a controlled electrode-shielding gas
configuration and not to a complete welding operation involving a molten base material.
In real welding, changes in the welded material may affect the UV radiation intensity and
spectral distribution because metal vapours, alloying elements, surface oxides, coatings,
and contamination can modify the arc-plasma composition, self-absorption, and arc stability.
Consequently, the absolute UV emission values may differ for different base materials,
although the present setup remains suitable for comparing the relative effect of shielding gas
composition under controlled conditions. Future research will therefore include material-
specific measurements with commonly welded alloys.

5. Conclusions

In gas shielded metal arc welding, selecting the appropriate gas mixture is crucial
not only for producing high-quality, defect-free welds but also for significantly mitigating
occupational health risks. In this study, we systematically measured the UV radiation
emission (in the 290-390 nm range) of pure argon, pure helium, a 70% argon/30% helium
mixture, and pure nitrogen across varying low current intervals (10 A to 45 A). Our
empirical results demonstrated that the composition of the shielding gas drastically affects
the intensity of the emitted UV radiation. We found that under identical parameters, pure
argon generates approximately three to four times higher UV radiation intensity than
pure helium. This significant variance can be directly attributed to the differing ionisation
energies and plasma characteristics of the respective gases. Crucially, our measurements
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revealed that substituting just 30% of argon with helium in the gas mixture resulted in
a disproportionately large reduction in UV emission, decreasing the radiation level by
approximately 30% compared to pure argon. This highlights that strategically modifying
the shielding gas composition is a highly effective, practical method for reducing UV
exposure in the workplace without entirely losing the beneficial arc characteristics of argon.
Furthermore, tests conducted with pure nitrogen exhibited the highest UV radiation values
by a significant margin, reaching up to 2.38 mW/cm? at 45 A. When the arc loses stability
and expands, the radiating plasma surface increases proportionally, emitting extremely
hazardous levels of UV radiation. While nitrogen is typically used in welding only as a
backing gas (root protection) rather than a primary shielding gas, these findings strongly
caution against its use in any application where the arc might be directly exposed to
the environment or the operator. Since the current study was limited to the 290-390 nm
spectrum and low current applications, it provides a foundational understanding but
necessitates further investigation. In the continuation of our research, comprehensive
verification and control measurements will be conducted at much higher amperages and
across broader spectral ranges (including the highly destructive UVC). Based on these future
tests, our goal is to correlate UV emission stability with weld seam quality and to establish
exact safety distance charts (occupational exposure limits) based on specific gas mixtures,
further enhancing safety protocols in the welding industry. It should be emphasised
that the PCE-UV34 is not a spectroradiometer and does not provide wavelength-resolved
irradiance data. Accordingly, the reported values represent broadband, unweighted UV
irradiance in the 290-390 nm range and should not be interpreted as final spectrally
weighted occupational exposure limit values. Nevertheless, the instrument is well suited
for practical industrial safety screening, comparative workplace measurements, and the
preliminary identification of high-UV-exposure conditions around welding operations.
Future work will include calibrated spectroradiometric measurements and appropriate
biological weighting functions to support a complete regulatory exposure assessment.
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Abbreviations

The following abbreviations are used in this manuscript:

AC Alternating Current
DC Direct Current
DIN Deutsches Institut fiir Normung
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DNA Deoxyribonucleic Acid

DT Delayed Tanning

EM Electromagnetic

EUV Extreme Ultraviolet

Far-UV  Far Ultraviolet

IPD Immediate Pigment Darkening
IR Infrared

ISO International Organisation for Standardisation
PLE Polymorphous Light Eruption
PPE Personal Protective Equipment
SLE Systemic Lupus Erythematosus
TIG Tungsten Inert Gas

uv Ultraviolet

UV-A Ultraviolet type A

UV-B Ultraviolet type B

UV-C Ultraviolet type C

VIS Visible (Spectrum/Light)
WHO World Health Organisation
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