
Introduction

     Research has shown that welding
arcs produce radiation; however, not
enough detailed studies have been car-
ried out based on parameters such as
welding techniques, welded materials,
and welding currents (Refs. 1–3).
     Radiation from welding arcs has di-
rect adverse effects, including eye and
skin damage, on operators and nearby
workers (Refs. 4–6). This is due to the
fact that arc welding produces optical
radiation in the 200–1400 nanometer
(nm) wavelength band as ultraviolet
(UV), visible light (VIS), and infrared
(IR). Ultraviolet radiation, with a
200–400 nm wavelength, is the most
effectual among them. Consequently,

welders have a higher than average
risk of developing biologically effective
skin cancer and cataracts. Although it
is known that welding arcs produce ra-
diation, sufficiently detailed research
has not been done on radiation from
welding parameters (Ref. 1). 
     Recent studies on welding radiation
have provided data covering some
welding parameters by measuring the
energy, radiation dose, and limitations
for health institutes (Refs. 1, 6). Only
a few have analyzed the light produced
by welding arcs. As a welding arc is not
a steady source of radiation, this re-
sults in calibration difficulties. Future
welding radiation studies are needed
in order to accurately cover all welding
parameters, including materials and
welding techniques (Ref. 2). The pres-

ent study focused only on GTAW and
three materials commonly used in in-
dustry: aluminum, stainless steel, and
low-carbon steel.
     The materials, SS30-type stainless
steel, A36 low-carbon steel, and T6061
aluminum, were prepared as 5 × 50 ×
200 millimeter (mm) samples, and
GTAW was applied using a 200-A elec-
tric current. During the welding
process, the different radiation types
were measured in terms of their wave-
lengths. A high amount of UV expo-
sure was detected. Optical radiation
covering the entire ultraviolet band
(UV-A, UV-B, and UV-C), visible light
(VIS), and infrared (high-energy IR-A)
were observed for each sample
material.
     Most arc welding and cutting
processes, laser and torch welding,
cutting, brazing, and soldering pro-
duce quantities of radiation requiring
precautionary measures. Some
processes, such as resistance welding
and cold pressure welding, ordinarily
produce negligible quantities of radi-
ant energy (Refs. 3, 4). 
     Both ionizing radiation and non-
ionizing radiation are produced by
welding arcs (Ref. 4).
     Ionizing radiation:
• Produced by the electron beam weld-

ing process.
• Controlled within acceptable limits

by using suitable shielding around
the electron beam welding area.

• Produced during grinding (pointing)
of thoriated-tungsten electrodes for
the GTAW process, where the grind-
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ing dust is radioactive.
• Controlled by using local exhaust

and, if necessary, an approved respi-
rator (Ref. 4).

     Nonionizing radiation:
• The intensity and wavelength of the

energy produced depend on the
process, welding parameters, elec-
trode and base metal composition,
fluxes, and any coatings or plating
on the base material.

• Ultraviolet radiation increases ap-
proximately as the square of the
welding current.

• Visible brightness (luminance) of the
arc increases at a much lower rate
(Refs. 1, 4). 

     The welding arc is a significant arti-
ficial source of radiation, mainly pro-
ducing optical radiation (Ref. 7). Weld-
ing arcs generate radiation over a
broad range, 200–1400 nm (0.2–1.4
micrometers (μm)), of wavelengths.

These include UV radiation (200–400
nm), VIS (400–700 nm), and IR radia-
tion (700–1400 nm). There are three
types of UV radiation: UV-A (400–315
nm), UV-B (315–280 nm), and UV-C
(280–100 nm) (Ref. 8). 
     Radiation given off by the arc or
flame is electromagnetic energy that
may damage eyes and burn skin (Refs.
4, 5). Broad-spectrum UVR is known
to be a human carcinogen (Ref. 9). UV-
C radiation from welding arcs can
cause ocular cancer and skin cancer as
well as chromosomal and DNA damage
(Refs. 10–12). An operator sees visible
light radiation. However, he does not
see ultraviolet or infrared radiation.
UV-A, VIS, and IR radiation may reach
the retina and can cause ocular injury
(Refs. 13, 14). UV radiation also tar-
gets anterior parts of the eye and may
be associated with the development of
acute and chronic effects.

     The previously mentioned informa-
tion is discussed in many scientific ar-
ticles, but without providing detailed
classification based on welding param-
eters. In this study, analysis of radia-
tion type and range was carried out for
GTAW applications on stainless steel,
low-carbon steel, and aluminum
samples.

Experimental Procedure —
Materials and Equipment
     Sample materials of SS304-type
stainless steel, A36 low-carbon steel,
and T6061 aluminum were used in
this study; their chemical composi-
tions are given in Tables 1–3.
     The test materials were prepared as
5 × 50 × 200-mm samples and welded
using the GTAW method. A WT20
tungsten electrode (with 2% thorium)
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Fig. 1 — View of the screen showing measured values as
recorded by the software.

Fig. 2 — Optical radiation values for A36 lowcarbon steel at
a 200A electric current.

Table 1 — Chemical Composition of SS304 Stainless Steel 

Element                         Cr                            Ni                           Mn                           Si                             C                              P                                   S                              Fe

     %                        18.0–20.0              8.0–10.50                2.0 max                  1.0 max                0.08 max               0.045 max                  0.030 max              Remainder

Table 2 — Chemical Composition of A36 (ATSM) LowCarbon Steel 

      Element                        Mn                                  Si                                    C                                  Cu                                 S                                  P                                Fe

            %                         1.03 max                     0.280 max                   0.25–0.290                   0.20 max                   0.050 max                  0.040 max                Remainder

Table 3 — Chemical Composition of T6061 Aluminum 

Element Ma Fe Si Zn Cu Mn Ti Cr Other Al

% 0.8–1.2 0.7 max 0.4–0.8 0.25 max 0.15–0.4 0.15 max 0.15 max 0.04–0.35 0.15 max Remainder
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and having dimensions of 0.40 × 0.187
× 7 in. was employed for welding. As
added metal, wires with a thickness of
1⁄16 in. were used: Lincoln ER 4043L for
the aluminum and Lincoln ER 308L
for the stainless steel. The samples
were welded using a Miller Millermatic
250X welding machine with an argon
gas shield.
     During the welding process, the
light values were measured using a
ZEISS MCS 501 UV-NIR spectrometer,
the features of which are given in
Table 4.
     In this study, the UV source was the
welding arc; therefore, the photometer
and spectrometer parts of the ZEISS
MCS 501 UV-NIR, which sense and
analyze the light, were used. For meas-
uring the 200–1000 nm wavelengths,
a 1⁄3-s integration period was deter-
mined. The probe was positioned at a
distance of 1 m from the arc and was
connected to the spectrometer by
fiber-optic cable.
     The spectral irradiance from the
welding arc were observed and record-

ed by means of AspectPlus, ZEISS
MCS 501 UV-NIR software. The screen
view showing measured and recorded
data can be seen in Fig. 1. The lumi-
nosity is seen on the vertical line as lu-
men (lm) and the wavelength is seen
on the horizontal line as nanometer
(nm).
     Three lines are seen in Fig. 1. The
observed maximum and minimum op-
tic radiation rates are indicated by the
two green lines, and the average rate,
which is taken into consideration, is
shown by the red line.

Results and Discussion
     In this study, radiation values were
obtained from GTAW applications on
three types of test materials. These

values are seen in Figs. 2–5 as dia-
grams based on the materials and the
electric current values.
     The light was converted to an opti-
cal scale; the intensity, which was
measurable in this study, was in a
wavelength range of 200–400 nm. It
was assumed that GTAW produces
lower-wavelength light. 
     The UV band is known to be
200–400 nm and is shown in Fig. 2.
The highest intensity of light was
200–300 nm, which is the UV-C, the
highest energy of the UV band, and
some of the UV-B band. The VIS and
IR, at 750–840 nm, were above the
measurable 400-nm value.
     As seen in Fig. 3, the optical radia-
tion values for Al are very different
from those of the low-carbon steel
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Fig. 3 — Optical radiation values for T6061 aluminum at a
200A electric current.

Fig. 4 — Optical radiation values for SS304 stainless steel
at a 200A electric current.

Fig. 5 — Comparison of values for the three sample 
materials.

Fig. 6 — The radiation values of the SS304 sample at a 
2m distance and a 200A electric current.

Table 4 — ZEISS MCS 501 UVNIR Spectrometer

                  Type                          Resolution Accurancy Pixel No. λ  Range

       MCS 501 UVNIR                  2.4 nm 0.3 nm 512/1024 190–1015 nm
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GTAW applications. The light is dis-
persed over the 200–900 nm wave-
length range. These scattered wave
ranges cover UV-A, UV-B, UV-C, visi-
ble light, and IR radiation. The lumi-
nosity reached 25,000 lm on the Al
sample. During electron beam welding
and when grinding GTAW thoriated
tungsten electrodes, ionized radiation
may be generated (Ref. 4).
     As seen in Fig. 4, the highest energy
level of radiation was observed on the
stainless steel samples. The highest in-
tensity of radiation was 200–300 nm,
which is in the UV-B and UV-C bands;
the luminosity reached more than
25,000 lm.
     Figure 5 shows that the highest en-
ergy was obtained from the stainless
steel sample as luminosity and fre-
quency. The lowest rates were ob-
tained from the low-carbon A36 steel
sample. The energy rates from the alu-
minum sample were dispersed all over
the optical scale, but mostly concen-
trated in the UV and IR bands.
     The calibration of the ZEISS MCS
501 UV-NIR spectrometer is not very
sensitive over 25,000 lm. Therefore, the
position of the probe was changed to a
distance of 2 m to accommodate the
role of distance on radiation with values
of more than 25,000 lm — Fig. 6.
     According to the Inverse-Square
Law (radiation intensity with dis-
tance), the radiation intensity decreas-
es with the inverse square of the dis-
tance. This relationship indicates that
doubling the distance from a radiation
source decreases the radiation level by
a factor of four. With the increasing
distance, the emission diverges to an
area four times the original area.
     The measuring of 27,000 lm at a 2-
m distance means that the optic radia-
tion luminosity is approximately four
times more at the 1-m distance, i.e.,
108,000 lm. 
     For this study, the distance of the
probe from the welding arc was 1 m,
whereas an operator is only a few cen-
timeters away from the welding arc.
Therefore, the influence of radiation en-
ergy for an operator and his/her skin is
much higher than that measured here.
     This measurement was applied for
comparing and analyzing the radia-
tion level of stainless steel and the
other materials. All three materials

were welded with the GTAW process,
at the same electric current, and us-
ing an argon gas shield. However, the
resulting types and amounts of radia-
tion for each sample differed signifi-
cantly. The stainless steel sample
caused much more radiation energy
to be produced. 

Conclusions
     This study has attempted to deter-
mine the radiation emissions from
welding arcs on test materials. From
the values obtained for each of the pa-
rameters, the following results and
conclusions were observed: 
     1. Optical radiation, including UV-
A, UV-B, UV-C, visible light, and IR, is
produced by GTAW arcs. 
     2. Energy input, which is based on
the thermal conduction and fusion
levels of the materials, also affects the
radiation emissions. So long as the en-
ergy input increases, the photon in-
tensity and radiation emissions also
increase (Ref. 15). Higher light inten-
sity was observed with the increase in
the electric current. 
     3. Since the chemical composition
of the welded materials was seen to af-
fect the production and emission of ra-
diation, further research, including
studies of other welding techniques, is
needed to investigate this aspect.
     4. During welding on the stainless
steel sample, a high intensity of radia-
tion was observed over a wide area of
the electromagnetic spectrum.
     5. Obtained values from GTAW on
Al ranged throughout the entire opti-
cal scale. The highest graphic peaks
were seen in the UV and IR bands. Ad-
ditionally, the form of the Al graphic
exhibited a different pattern from
those of the values for the other
materials.
     6. High optical radiation energy lev-
els were displayed with low-carbon
steel, stainless steel, and aluminum
samples welded using the GTAW
process. With the aluminum and stain-
less steel samples, the intensity was
higher than with the low-carbon steel.
However, the highest optical radiation
energy (108,000 lm at 200–300 nm)
was obtained from stainless steel in
the form of high-frequency and pho-
ton energy.
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