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Effects of a welding helmet and dust respirators
on respiration at rest and during exercise

by THOMAS WHITE, M.D.,! ANDREJS SCHUTZ, B.Sc..? and KARL-MAGNUS
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WHITE, T., SCHUTZ, A. and LUNDGREN, K.-M. Effects of a welding helmet and
dust respirators on respiration at rest and during exercise. Scand. j. work environ. &
health 1 (1975) 249—254. The influence of welders’ protective devices on respiration at
rest and during exercise was studied under laboratory conditions. During exercise the
devices caused increased ventilation and increased arterial carbon dioxide tension.
In the case of the welding helmet the increase was probably a consequence of in-
creased dead space. It is concluded that the physiological affects on respiration
are of minor importance in themselves, but they should be taken into account when

the degree of exposure to welding fumes is evaluated.

Key words: experimental physiology,

, welding helmet, dust respirator, respiration,

ventilation, carbon dioxide tension, exercise.

Electric welding with coated electrodes
can cause headache, nausea, and excessive
fatigue. These symptoms may be caused
by toxic substances in the fumes coming
from the welding rods.

It is difficult to estimate the amount
of fumes actually inhaled because the
breathing pattern, the total pulmonary
ventilation, and the access of the fumes
to the face is likely to be influenced by
factors such as the level of physical effort
and the protective devices used. It has
been found, however, that the concentra-
tion of welding fumes can be two to three
times lower inside a welding helmet than
outside it (Schiitz, unpublished results).
The difference in concentration may partly
be due to the fact that the air inside the
helmet also includes expired air, from
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which part of the fumes has been removed
by the lungs.

The objective of the present investiga-
tion was to determine whether the use
of a welding helmet and a dust respirator
affects respiration.

MATERIAL AND METHODS

Subjects

Six male shipyard welders, who were
accustomed to the protective devices and
who were experienced in electric welding,
volunteered to take part in the study after
the nature of the procedures was explained
to them. They were informed that the
experiments were aimed at improving the
working conditions of welders in general
but that they themselves would not
necessarily benefit from the experiments.
One subject (no. 1) had had pulmonary
tuberculosis about 25 years earlier. All
of the subjects were healthy at the time
of the investigation, however, and a
routine physical examination produced no
abnormal findings.
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Equipment

Three types of protective devices were
tested. All subjects used a skullguard/
welding helmet combination (Tegma, Mal-
mo, catalog no. 34950) (fig. 1). In addi-
tion two types of colloidal dust respirators
were tested, either separately or in com-
bination with the helmet. Subjects
1, 2, and 3 used a respirator with a
prolonged exhalation valve directed down-
wards (Bicapa, Stockholm, catalog no.
2622). Subjects 4, 5, and 6 used a respirator
congisting of a facepiece connected by
means of a breathing tube to a belt-
attached filter holder (Draeger, Liibeck,
catalog no. RM 8740).

The welding helmet was attached to the
skullguard with a mechanism which per-
mitted 'the welder to swing the helmet up
on the skullguard when not in use. When
swung down in welding position, the hel-
met fitted close to the brim of the skull-
guard.

Methods

In a preliminary examination the resulis
of conventional dynamic spirometry, a
resting 12-lead electrocardiogram (ECG),
and an exercise test on a bicycle ergometer
with ECG recording were normal. During
the exercise test the subjects were tested
with an initial work load of 50 W and
stepwise increments of 50 W until exhaus-
tion. At each level the subjects were
required to attain a steady state, as judged
from the heart rate (increase in heart rate
not more than four beats per minute be-
tween two measurements with an interval
of 2 min), before moving to a higher level.
The maximal physical work capacity was
defined as the highest level at which the
subject achieved a steady state.

An ECG was also recorded while the
subject welded. During one ordinary work
day a 12-h ECG recording was made on
a portable lightweight tape recorder. Heart
rate was measured from the ECG.

During the experiment an ECG with
chest leads was recorded at 2-min intervals
(at rest) or continuously (during exercise).

A teflon catheter was introduced per-
cutaneously into the left brachial artery
by the Seldinger technique. Arterial blood
samples were obtained anaerobically and
analyzed immediately. Arterial tensions
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Fig. 1.

Skullguard/welding helmet combina-
tion. The subject wore the device during the
‘entire experimental procedure. (Photo A. Ro-
sengren)

of oxygen (PaO,) and of carbon dixoide
(PaCO,) were determined directly by con-
ventional blood gas electrodes (Eschweiler,
Keil, Germany), and pH was determined
according to Astrup (Radiometer, Copen-
hagen, Denmark).

The tidal air of five of the six subjects
was measured by a strain-gauge technique.
A mercury-filled silastic tube was attached
to the ventral circumference of the chest,
and a constant voltage was applied to the



Table 1.

Physiological measurements from six subjects at rest and during exercise.

The sub-

jeots wore the skullguard with the welding helmet turned up (fig 1).

Respir- il
Veniil-
Sub- Age Ii:?;t art;trg ation PaCO2 PaOz pH
Ject (1) (beats/min)  (breaths/ (I/min) (mm Hg) (mm Hg)
min)
1 51 {Rest 84— 87 — — 38.5—39.5 76—80 7.40—17.42
B W 131—148 24—28 — 38.5—39.0 80—84 7.38
5 37 Rest 73— 79 20—23 T— 8 39.5—41.0 70—"77 7.42—7.43
55 W 130—144 28—31 13—16 38.5—42.5 75—81 7.38—7.42
3 37 Rest 65— 72 13—14 13—16 38.0—39.0 80—91 7.42—7.43
5 W 116—132 21—24 30 36.5—37.5 89—92 7.39—7.42
4 39 Rest 48— 54 9—13 9—10 39.0—40.5 99—100 7.38
100 W 100—120 17—20 57—69 37.0—41.5 92—95 7.35—7.41
5 38 Rest 79— 88 14—16 8—11 36.0—36.5  88—92  7.40—7.41
60 W 116—120 18—21 52—171 33.0—36.5 85—92 7.41—7.45
6 33 Rest 81— 87 13—15 5— 8 38.0—38.5 85—87 7.41
0 W 120—129 19—22 33—48 35.5—40.0 83—89 7.38—17.42
mercury column. By means of a modified :j;::',)w“
Wheatstone bridge arrangement, an elec- |,
tric signal proportional to the stretching . . se s L ® O e
of the tube was recorded on an ink-writer. 140 . ® . d ©
The respiratory chest movements thus 1 oo ** o 0 0
recorded were calibrated in terms of 127 0 .
breathing volumes by iletting the subject i oo
breathe into a spirometer with the silastic '°°:. oo ©o0o0o0 "
tube in position on the chest. The measure- | °
ment was carried out immediately after [ — - T — % ;0'
Min. after

the test period while the subject was still
sitting on the bicycle ergometer.

Experimental design

Measurements were first made at rest
while the subject sat comfortably in a
reclining chair. Exercise was then per-
formed on a bicycle ergometer (Siemens-
Elema AB, Stockholm, Sweden). The work
load (table 1) was about one-third or one-
half of the subject’s maximal physical
work capacity and was similar to that
measured during welding in the shipyard.

In order to obtain steady-state condi-
tions, we allowed at least 6 min to pass
before making measurements at rest, and
at least 8 min passed before measurements
were made during work. As the collec-
tion of blood samples, the ECG recording,
and the ventilation measurement took a

start of work

Fig. 2. Subject no. 1; work load 75 W. The
hatched bar represents the time when the
helmet was in front of the face. Filled
circles represent heart rate; and open circles,
respiration rate.

certain period of time, usually less than
2 min, and they were begun after 6—38
min, the duration of each control or ex-
perimental period was 6-—8 min (at rest)
and 8—10 min (during exercise). Before
and after each period of breathing with
a protective device there was a control
period. Thus the protocol for the con-
tinuous bicycle ergometer exercise, when
only the helmet was being tested (subjects
2 and 3), was 8—10 min without a protec-
tive device, 8—10 minutes with the skull-
guard/helmet combination, and 8—10 min
again without a protective device, the
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complete test lasting approximately 30
min. When the welding helmet and dust
respirator were tested separately and com-
bined (subjects 4, 5, and 6), exercise lasted
approximately 70 min. Perfect steady-
state conditions, as judged from the heart
rate, were not achieved, since the heart
rate tended to be somewhat higher to-
wards the end of the exercise period than
after the initial 8 min of work (fig. 2).

The room temperature was approxi-
mately 20°C.

RESULTS

It can be seen in fig. 3 that, at rest, the
combined use of a dust respirator and a
welding helmet mounted on a skullguard
caused an increased PaCO, in two of the
subjects (no. 1 and 2), and an increased
pulmonary ventilation in two (no. 2 and 3).
The dust respirator alone increased the
ventilation of subjects 4, 5, and 6.
More conspicious effects were produced
during exercise (fig. 4). With only two
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exceptions the welding helmet and dust
respirator increased both pulmonary ven-
tilation and PaCO,.

When the subjeots were questioned, they
stated that breathing during exercise was
“heavier” with than without the protec-
tive devices. The face also became warm
behind the helmet. Otherwise there were
no complaints.

DISCUSSION AND CONCLUSIONS

Increased external respiratory resistance
during exercise is known to influence
respiration (4, 6). It may also increase
alveolar carbon dioxide tension (4, 6). The
results of our experiment with dust
respirators could be proof of this increase.
However, the welding helmet used in our
experiment produced similar effects de-
spite free access to the ambient air and
presumably negligible resistance. It should
be noted that in the experiments there
were no respiratory wvalves or mouthpieces
and the protective devices were worn just
as they would be worn during welding
work in a shipyard.

The increase in ventilation and in arte-
rial carbon dioxide tension that occurred
when the helmet was worn is most
readily explained by the possibility that
the helmet acted to produce an increased
“dead space.” The effect appeared to be
small or absent at rest, but obvious during
exercise at a work load similar to that
attained during actual welding work. It
is unlikely that “psychogenic” hyperventi-
lation occurred during the experiments
since it would have produced a lowered
PaCOy;, and a lowered PaCO, rarely
occurred. Another possible explanation

Fig. 3. Arterial carbon dioxide tension (PaCOg)
and pulmonary wventilation (Vg) at rest; breath-
ing with free dace {(helmet turned up) and
breathing with the welding helmet or dust
respirator. Control values with free face are
means of periods immediately before and im-
mediately after the period with the helmet or
respirator. Subjects 1, 2, 3, 4, 5, and 6 are
represented by symbols YV, A, [, O, <, and [>,
respectively. Open symbols denote the use
of the helmet; filled symbols denote the use
of the respirator; symbols containing the
horizontal bar denote the simultaneous use
of the helmet and respirator. The line of iden-
tity is shown.
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Fig. 4. Anterial carbon dioxide tension (PaCOg)
and pulmonary ventilation (Vg) during exercise;
breathing with free face (helmet turned up)
and breathing with the welding helmet or
dust respirator. Control values with free face
are means of periods immediately before and
immediately after the period with the helmet
or respirator. Subjects 1, 2, 3, 4, 5, and 6 are
represented by symbols V, A, [, O, <], and
[>, respectively. Open symbols denote 'the use
of the helmet; filled symbols denote the use
of the respirator; symbols containing the hori-
zontal bar denote the simultaneous use of the
helmet and respirator. The line of identity is
shown.

for the increased PaCO, could be that
there was an increase in carbon dioxide
production, which was not measured in
the present experiments. However, we
think it is reasonable to assume that the
oxygen consumption and the carbon di-
oxide production did not change signifi-
cantly because the external work on the
bicycle ergometer was constant. Progres-
sive ventilatory changes during the work
period were excluded by the observations
made during the control periods (fig. 2).

We do not believe that an increased
ventilation and/or a moderate increase in

PaCO, represents a “health hazard” in the
conventional sense, but either may con-
tribute to fatigue or to other unpleasant
experiences which occur during and im-
mediately after work. In our opinion a
less spacious helmet would produce less
“dead space,” and thus pulmonary ventila-
tion and PaCO, would increase less.

During welding, toxic substances may
be absorbed from inhaled fumes, which
can, as indicated in several reports (2, 3, 5),
also have local effects, e.g., bronchitis. The
increased pulmonary ventilation produced
by the welding shield probably means that
an increased amount of the fumes is ab-
sorbed. Therefore the concentration of
toxic substances in the breathing zone is
an insufficient measure of the degree
of exposure. Further investigations are
needed to clarify the situation. However,
it is quite evident that measurements made
with the subject at rest do not always
permit conclusions about events occurring
during actual work (1).
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