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This study evaluated the influence of welding on pulmonary functions in welders. Spirometry tests were per-
formed before and after work shift in 91 welders and 25 clerks (control group). We examined forced vital
capacity (FVC), forced expiratory volume in 1 s (FEVI), FEVI/FVC ratio and forced expiratory flow 25%—75%
(FEF 25-75). Significant differences were found for FVC and FEVI1/FVC between welders and the control
group in pre- and post-shift measurements (p < .001). In welders, smoking and nonsmoking habit had no sig-
nificant effects on any pulmonary indices before or after shift. Work experience and fume concentrations also
had no significant effects on the majority of spirometric indices (p > .05). Most welders had at least 1 of the
respiratory symptoms. Significant differences were found between pre- and post-shift indices (as percentage of
predicted values calculated with spirometer) and between the welders engaged in some welding tasks and the
control group before work shift. This study documented work-related changes in pulmonary functions in the
welders and marked drops in these functions without symptoms in some welders.
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1. INTRODUCTION gases. The main components of welding emis-

sions are oxides of metals caused by contact of
It is estimated that more than one million workers oxygen in the air and vaporized metals [2]. These
worldwide perform some type of welding as part particles are particularly hazardous components
of their work duties [1]. Welding of metals may of welding fumes, they are small enough to be
cause substantial exposure to fume particles and deposited in the terminal bronchioles and alveoli,
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distal to mucociliary cleaning mechanisms. Elec-
tric arc welding processes produce particles with
aerodynamic diameters of 0.1-0.5 um. These par-
ticles are predominantly composed of metals,
such as iron, nickel, molybdenum, manganese,
chromium and their oxides [3].

Many respiratory problems may be associated
with welding. Welding fumes may cause acute
respiratory effects, including airway irritation,
acute bronchitis, metal fume fever after zinc
oxide inhalation and, less commonly, hypersensi-
tivity pneumonitis or occupational asthma. Weld-
ers are also known to have a higher risk for
chronic respiratory disorders such as pneumoco-
niosis, chronic bronchitis and lung cancer [1, 3, 4,
5,6,7].

Spirometry is an important tool for measuring
the extent of pulmonary function impairment and
for assessing the response to treatment [3]. It
assesses the occupational impact on the respira-
tory function of workers in various occupations,
e.g., coal miners, cotton textile workers, welders,
farm workers, chemical workers and cement
workers [8]. When used in conjunction with the
clinical and occupational history and chest radio-
graphs, it helps to determine the nature and sever-
ity of lung disease. Periodic retesting of workers
can detect pulmonary disease in its earliest stages,
when corrective measures are more likely to be
beneficial.

The parameters of spirometry are important to
provide clinical information, including maximal
voluntary ventilation (MVV, formerly called maxi-
mal breathing capacity). It is the largest volume of
gas that can be moved into and out of the lungs in
one minute by voluntary effort. The normal MVV
range is 125-170 L/min. MVV depends upon mus-
cular force, compliance of the thoracic wall and
lungs, and airway resistance [3].

Other main parameters are forced vital capacity
(FVC), forced expiratory volume in 1 s (FEV1),
FEV1/FVC ratio, maximum expiratory flow
when 75% of the vital capacity remain to be
expired (MEF75), maximum expiratory flow
when 50% of the vital capacity remain to be
expired (MEF50) and maximum expiratory flow
when 25% of the vital capacity remain to be
expired (MEF25) [9].
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The aim of this study was to evaluate the influ-
ence of welding activity on pulmonary functions
in gas transmission pipeline welders in Brojen,
Chahar Mahal-o-Bakhtiari province in Iran, and
their association with the level of welding fumes
in work environments.

2. METHODS

We used spirometric data of 116 persons: 91
manual metal electric arc welders (working for at
least 8—10 h a day) and 25 clerks as the control
group. A data collection sheet was supplemented
by job-specific questions about the duration and
extent of welding fume exposure, mechanical and
personal work protection devices, the specific
welding task type, smoking habit and demo-
graphic data. The spirometric data of eligible par-
ticipants were analyzed.

Spirometry was performed with a SPIROLAB?2
spirometer (Medical International Research,
Italy) by experienced technicians prior to and
after work shift. Each participant was examined
by the same technician and with the same equip-
ment. The tests were interpreted by occupational
medicine specialist who clarified substantial
changes in spirometric indices during work shift.

The values of FVC, FEV1, FEV1/FVC ratio
and forced expiratory flow between 25% and 75%
of FVC (FEF 25-75) were examined. To compare
their relative values (as percentage of predicted
values calculated with the spirometer) before and
after work shift only the values with differences
over 5% (between pre- and post-shift) were ana-
lyzed. This could eliminate the meddler effect
caused by circadian rhythm during work shift in
statistical analyses. Also, data with differences
over 10% between pre- and post-shift pulmonary
functions were surveyed (some of data with dif-
ferences under 10% were eliminated from statisti-
cal analysis). Thus, only few data remained, as
some of them showed abnormal differences (e.g.,
37%) and they were not included in the analysis,
to minimize the confounding factors.

Workers’ exposure to welding fumes was
assessed with the method recommended by
National Institute for Occupational Safety and
Health, using mixed cellulose ester filters



(25 mm, 0.8 um, SKC, USA) and a personal sam-
pling pump (224-PCMTXS8, SKC, USA).

SPSS version 11.5 was used for statistical anal-
ysis. Mean values and SD of age, height, weight,
work experience and smoking habit were com-
puted for both groups. Statistical significance was
assessed with Student’s ¢ test or analysis of vari-
ance (ANOVA).

3. RESULTS

Table 1 presents demographic characteristics of
all participants. There was no significant differ-
ence in age, height and weight between the
groups.

Table 2 presents pulmonary function status of
welders and the control group in pre- and post-
shift measurements. The results of pre-shift pul-
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monary function tests were normal in 84 welders,
while the other 7 welders had some disorders
(3 obstructive, 3 restrictive and 1 mixed type).
Post-shift pulmonary function tests showed that
in 76 welders, functions were normal and 18
welders had disorders (6 obstructive, 4 restrictive
and 5 mixed type).

Table 3 shows spirometric data for welders and
the control group: the predicted values (calcu-
lated with the spirometer) and the pre- and post-
shift results expressed in absolute units and as
percentage of the predicted values. The pre- and
post-shift spirometric values for welders and the
control group were compared and the correspond-
ing p values are given in Table 3.

In this study, the average exposure to total fumes
in welders was 13.12 mg/mB. Student’s ¢ test indi-
cated that total fume concentrations were higher

TABLE 1. Characteristics of Welders (n = 91) and Control Group (n = 25)

Group Age® (years)  Height® (cm) Weight® (kg) Work Experience® (years)  Smokers
Welders 30.3 £9.17 176.4 £ 6.95 73.5+12.17 4.8 +6.42 57
Control 34.9 + 8.50 173.0 +7.76 75.6 + 12.09 1.7+1.94 6

Notes. a= M+ SD.

TABLE 2. Pulmonary Function Status in Welders and Control Group

Time Pulmonary Function Welders (%) Control Group (%)
Pre-shift normal 84 (92) 23 (92)
obstructive 3 (3) 1 (4)
restrictive 3 (3 1 4)
mixed 1 (1) 0
Post-shift normal 76 (84) 20 (80)
obstructive 6 (7) 3 (12)
restrictive 4 (4) 2 (8)
mixed 5 (6) 0

TABLE 3. Pulmonary Function Indices Measured Before and After Work Shift and Predicted Values

in Welders and Control Group (M +SD)

Pre-Shift Post-Shift

Group Index Predicted Measured % of Predicted Measured % of Predicted  p*
Welders FVC (L) 497 +058 423+0.75 89.14+12.44 411+0.71 80.19+11.52 <.001
FEV1 (L) 415+051 351+063 87.90+11.10 3.35+0.63 7859+11.69 <.001
FEF 25-75 (L/s) 4.74+0.53 358+1.05 85.54+20.73 3.46+0.94 70.28+18.74 <.001
Control FVC (L) 479+061 4.78+0.79 105.06 + 16.71 4.63+0.94 94.65+15.84 <.001
FEV1 (L) 399+052 3.80+069 9543+7.76 3.66+0.75 89.41+7.99 <.001
FEF 25-75 (L/s) 4.44 +0.51 3.6+0.92 85.64+18.75 3.56+0.99 77.34+19.15 <.001

Notes. * = significant differences between pre-shift and post-shift values (as percentage of predicted values).
FVC = forced vital capacity, FEV1 = forced expiratory volume in 1 s, FEF 25-75 = forced expiratory flow

25%—75%.
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than the threshold limit value proposed by the
American Conference of Governmental Industrial
Hygienists (ACGIH) and than allowable occupa-
tional exposure (AOE-Iran, 1381) for 8 h/day
(p<.001).

Table 4 demonstrates the pulmonary function
indices (as percentage of predicted value) in
welders and the control group for pre- and post-
shift data. Table 4 also shows a comparison of
these indices (p value) between two groups. Sig-
nificant differences were found for FVC, FEV1
and FEV1/FVC between welders and the control
group in pre- and post-shift measurements. There
were no significant differences between welders
and the control group for FEF 25-75, both in pre-
and post-shift values.

Among welders, smoking habit had no signifi-
cant effects on pulmonary indices, in both pre-
and post-shift measurements.

Tables 5-6 show pulmonary function values
(percentage of predicted value) in welders based
on different work experiences and fume concen-
trations (pre- and post-shift), respectively. Work
experience and fume concentrations have almost
no significant effects on the pulmonary function
indices. Work experience only was significant for
pre-shift FVC expressed as percentage of pre-
dicted value (different between 1-3 and >5 years)
and fume concentration affected post-shift FVC
expressed as percentage of predicted value
(p=.018).

Table 7 presents clinical findings within the
two groups (the welders and the control group).
Most welders had at least one of the respiratory
symptoms and sputum was significantly more
frequent among the welders than in the control
group (p = .006).

TABLE 4. Pulmonary Function Indices (as Percentage of Predicted Values) in Welders and Control Group

(M £ SD)
Time Index Welders Control Group p*
Pre-shift FVC 86.15+10.45 99.80 + 10.94 <.001
FEV1 84.46 +11.10 94.82 + 10.03 <.001
FEV1/FVC 93.86 + 10.04 100.77 + 6.47 <.001
FEF 25-75 77.29 £21.10 83.35 + 16.59 ns
Post-shift FvC 82.39 £9.75 96.99 + 13.65 <.001
FEV1 80.41 +10.98 91.87 £ 10.95 <.001
FEV1/FVC 92.22 + 10.01 100.83 + 9.50 <.001
FEF 25-75 74.32 + 18.79 82.65 + 19.55 ns

Notes. * = significant differences between welders and the control group. FVC = forced vital capacity,
FEV1 = forced expiratory volume in 1 s, FEF 25—75 = forced expiratory flow 25%—75%.

TABLE 5. Pulmonary Function Indices (as Percentage of Predicted Values) in Welders With Different

Work Experience

Work Experience (years)

Time Index <1 1-3 3-5 >5 p*
Pre-shift FVC 86.79 + 8.90 80.72 + 13.92 94.65 + 8.96 86.40 £ 9.42 .022
FEVA 86.15 + 10.45 84.41 +10.84 82.14 +11.76 87.83 +9.48 ns

FEV1/FVC 92.89 + 10.65 97.38 £ 9.43 88.46 +9.97 94.17 + 9.53 ns

FEF 25-75 78.02 + 23.02 76.32 +17.32 71.69 + 23.07 78.02 £ 21.04 ns

Post-shift FVC 82.71 £ 9.67 80.83 + 11.21 90.44 +4.49 81.51 +9.54 ns
FEVA 80.56 + 10.40 81.42 +12.28 85.16 + 7.31 79.21 = 11.52 ns

FEV1/FVC 72.99 + 6.54 78.12 £9.23 72.58 +5.43 72.60 + 7.41 ns

FEF 25-75 76.38 + 19.88 67.89 + 18.42 74.41 + 15.50 75.05 + 18.46 ns

Notes. * = significant differences in pulmonary functions between welder subgroups with different work
experience. FVC = forced vital capacity, FEV1 = forced expiratory volume in 1 s, FEF 25-75 = forced

expiratory flow 25%—75%.
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TABLE 6. Pulmonary Function Indices (as Percentage of Predicted Values) in Welders Based on
Fume Concentrations (M + SD)

Time Index Fume Concentration Below TLV' Fume Concentration Above TLV p
Pre-shift FVC 84.25 +9.88 88.95 + 8.56 ns
FEV1 83.91 £ 9.50 85.71 £ 10.38 ns

FEV1/FVC 94.57 + 6.67 91.85 +9.58 ns

FEF 25-75 79.72 + 16.11 76.04 +21.33 ns
Post-shift FVC 79.70 £ 9.83 85.32 + 8.37 .018
FEV1 78.85 + 10.56 82.11 £9.35 ns

FEV1/FVC 92.69 + 6.41 89.77 £ 8.34 ns

FEF 25-75 72.06 + 18.31 74.70 + 18.99 ns

Notes. 1 = total fume threshold limit value (TLV) =5 mg/m3, FVC = forced vital capacity, FEV1 = forced
expiratory volume in 1 s, FEF 25-75 = forced expiratory flow 25%—75%.

TABLE 7. Prevalence of Respiratory Symptoms
in Welders and Control Group

Symptom Welders (%) ControlGroup (%) p

Sobaszek, Edme, Boulenguez, et al. reported
that there was no influence of the specific welding
processes on the spirometric parameters, but a

Cough 21 (23) 4 (16) ns decrease in spirometric values after 25 years of
Sputum 40 (44) 3(12) 006 welding activity was evident [10]. In Meo’s sur-
Dyspnea 19 (21) 2 (8) ns vey, welding workers with exposures longer than
Rale 18 (20) 1@ s 5 years showed a significant reduction in the val-

A statistical analysis was also performed for
pulmonary function indices expressed as % of
predicted values in subgroups based on welding
task types (Tables 8-9). There were significant
differences in pre-shift FVC values for foreman,
assistance in fitting, full pass, filling, and brush-
ing and grinding in comparison with the control
group. For FEV1, comparisons show significant
differences for foreman and filling tasks only
(Table 8). Significant post-shift differences in
FVC and FEV1 were also found between the
welders and the control group in some welding
tasks (Table 9).

4. DISCUSSION

In the present study, many differences in the pul-
monary function indices expressed as percentage
of predicted values (pre- and post-shift) between
the welders and the control group were statisti-
cally significant. By contrast, some studies have
reported unaffected spirometric parameters after
welding. Wolf, Pirich, Valic, et al. indicated that
some parameters (FVC, FEV1) did not differ
from those obtained in the control group [7].

ues of spirometric indices (FEV1, FEV1/FVC and
peak expiratory flow), relative to the control group
[5]. Therefore our findings are in accordance with
most of studies in which welders had decreased
spirometric values in comparison with control
groups [11, 12, 13, 14]. Apparent disparities in the
studies of pulmonary functions in welders could
be attributed to differences in smoking habit,
welding material used, suitability of ventilation
(local exhaust ventilation) and usage of protective
measures. In the present study, significant differ-
ences were in the spirometric indices expressed as
percentage of predicted values before and after
work shift in welders (p < .001).

It is noteworthy that the circadian rhythm can
influence the pulmonary function indices by
~5%. Investigations show that the endogenous
circadian pacemaker contributes to diurnal
changes in pulmonary function [15].

We think that working conditions such as high
load of welding gases and increased exposure to
fumes during work shift can cause significant dif-
ferences in percentage of predicted values
recorded before and after the work shift in weld-
ers. The changes in lung function during a work
shift perhaps were potentiated by repeated expo-
sure to a sensitizing agent, leading to bronchial
hyper-responsiveness.

JOSE 2013, Vol. 19, No. 4
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TABLE 8. Pulmonary Function Indices in Welders and Control Group Based on Task Types

in Pre-Shift Measurements (M + SD)

Index Welding Task Predicted Values Pre-Shift/Predicted (%) p*
FVC (L) foreman 5.15+0.62 78.92 +10.87 .002
fitting 4.52 + 0.56 87.74 +10.80 ns
assistance in fitting 4.82 +0.37 75.23 +5.19 .001
full pass 5.03 + 0.68 85.83+9.14 <.001
filling 4.88 +0.49 86.85 + 9.60 <.001
cap filling 5.13+0.61 90.39 + 8.65 ns
grinding and brushing 4.92 + 0.60 83.50 + 13.27 .001
back welding 5.20 £ 0.42 93.50 + 11.65 ns
control 4.79 +0.62 99.80 + 10.94
FEV1 (L) foreman 4.23 + 0.54 75.50 +7.53 .013
fitting 3.64 + 0.45 87.91 + 15.41 ns
assistance in fitting 3.98 +0.26 80.31 £ 6.90 ns
full pass 417 +0.58 85.02 + 10.38 ns
filling 411 +0.45 83.45 + 10.76 .006
cap filling 4.30 +0.52 85.94 + 11.87 ns
grinding and brushing 4.13 £ 0.51 84.59 + 10.28 ns
back welding 4.36 +0.33 96.84 + 22.17 ns
control 3.99 £ 0.52 94.82 + 10.03
FEF 25-75 (L/s) foreman 4.80+0.72 64.31 £12.35 ns
fitting 3.99 + 0.33 77.93 + 23.01 ns
assistance in fitting 4.64 +£0.13 84.37 £ 19.32 ns
full pass 4.71 £0.54 79.39 = 19.09 ns
filling 4.75 + 0.46 75.47 +21.53 ns
cap filling 4.87 +0.52 76.88 + 22.97 ns
grinding and brushing 4.78 + 0.59 78.82 + 22.60 ns
back welding 4.94 +0.21 88.64 + 35.35 ns
control 4.44 + 0.51 83.35 + 16.59

Notes. Statistic significance (p < .05) assessed by ANOVA. * = pre-shift/predicted vs. control), FVC = forced
vital capacity, FEV1 = forced expiratory volume in 1 s, FEF 25—75 = forced expiratory flow 25%—75%.

Work experience in welding is a significant
factor in some studies [16, 17], but in our study
this factor has almost no influence on pulmonary
functions, similarly to earlier reports by Ozdemir,
Numanoglu, Goniilli, et al. [9] and McMillan and
Heath [18]. Only in the pre-shift FVC expressed
as percentage of predicted value, the difference
between the welders working for 1-3 years and
for >5 years was significant. This could be possi-
bly due to a younger exposure group and rela-
tively lower work duration in our study.

In the present study, fume concentration
affected post-shift FVC expressed as percentage
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of predicted values. It is worth noting that our
welders worked in open spaces so working condi-
tions (e.g., air flow velocity) could influence their
exposure to fumes and, consequently, the induced
respiratory symptoms.

Respiratory function measurements for all
welders showed that respiratory impairment
(restrictive, obstructive or mixed) was more prev-
alent among welders, compared to the control
group. This result is in accordance with Pour-
taghi, Kakooei, Salem, et al. [19]. The frequency
of respiratory symptoms, especially sputum, was
greater in the welders than in the control group.



TABLE 9. Pulmonary Function Indices in Welders and Control Group Based on Task Types

in Post-Shift Measurements (M + SD)
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Index Welding Task Predicted Values Post-Shift/Predicted (%) p*
FVC (L) foreman 5.15+0.616 80.31 + 12.39 ns
fitting 452 + 0.564 94.17 + 8.78 ns
assistance in fitting 4.82 + 0.368 75.74 £+ 7.34 .011
full pass 5.03 + 0.677 81.42 +10.33 <.001
filling 4.88 +0.488 81.81 £9.52 <.001
cap filling 5.13+0.611 83.23 £ 9.50 .001
grinding and brushing 4.92 + 0.596 81.19+7.77 .001
back welding 5.20 + 0.424 87.34 + 13.36 ns
control 479 +0.618 96.99 + 13.65
FEV1 (L) foreman 423 +0.54 72.69 + 10.82 .021
fitting 3.64 £ 0.45 85.60 +21.19 ns
assistance in fitting 3.98 +0.26 80.32 + 7.04 ns
full pass 417 +0.58 79.07 + 12.11 .008
filling 411 +0.45 79.44 +9.74 .004
cap filling 4.30 +0.52 81.23+10.74 .005
grinding and brushing 4.13 +0.51 82.85 +7.53 ns
back welding 4.36 + 0.33 86.19 + 18.15 ns
control 3.99 £ 0.52 91.87 +10.95
FEF 25-75 (L/s) foreman 4.80+0.72 61.96 + 13.08 ns
fitting 3.99 +0.33 88.63 + 35.99 ns
assistance in fitting 4.64 +0.13 64.59 +9.76 ns
full pass 471 +0.54 71.41 £18.16 ns
filling 4.75 + 0.46 75.49 + 18.97 ns
cap filling 4.87 +0.52 75.38 + 20.60 ns
grinding and brushing 4.78 + 0.59 79.00 = 17.86 ns
back welding 4.94 +0.21 7713 +26.18 ns
control 4.44 + 0.51 82.65 + 19.55

Notes. Statistic significance (p < .05) assessed by ANOVA. * = pre-shift/predicted vs. control, FVC = forced
vital capacity, FEV1 = forced expiratory volume in 1 s, FEF 25-75 = forced expiratory flow 25%—75%.

The findings are in accordance with some other
studies, in which welders had a higher prevalence
of respiratory symptoms than control groups [9,
12, 20, 21].

It is known that respiratory symptoms may be
increased in welders who smoke, compared with
nonsmoking welders of similar age. However, in
our study, smoking and nonsmoking habit in the
welders had no significant effect on their pulmo-
nary function indices. In chronic exposures, it has
often been difficult to differentiate between the
effects due to occupation and those due to ciga-

rette smoking, although cigarette smoking may
potentiate the effects of fume inhalation.

Welding task type can also affect exposure to
fumes. Differences in spirometric values between
welders performing different tasks, especially full
pass, filling and cap filling, were significant. In
some tasks, such as back welding, welders have
to work in confined spaces, resulting in high
exposure to fumes. Nevertheless, in our study,
there was no significant difference for back weld-
ers, because they worked shorter than others and
fewer workers performed this task.

JOSE 2013, Vol. 19, No. 4
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Generally, respiratory symptoms and reduced
pulmonary functions were more frequent in the
welders, compared to the control group. Also, in
the present study, obstructive and restrictive lung
disorders were more frequent in the welders than
in the control group.

In summary, this study documented work-
related changes in pulmonary functions in the
welders and substantial drops in these functions
without symptoms in some welders. In addition,
based on other studies, cigarette smoking may
potentiate the effects of fume inhalation. Also
work history could have an important role in cre-
ation of symptoms in welders. Our study did not
provide evidence for this, probably because the
majority of tested welders had a short history of
smoking (several months for some of them) and
they worked for only a few years as welders. On
the other hand, the type of welding, time spent on
welding, welding task type, materials and work-
ing conditions are important.

We believe that a strong effort should be made
to persuade welders to stop smoking, whereas
control measures (e.g., engineering controls like
local exhaust ventilation) should be attained and
welders should wear respiratory protective
devices. Proper information should be provided
for welders about hazards of their work and
employers must be informed about industrial
hygiene programs at workplaces. Finally, further
studies are necessary to clarify the roles of weld-
ing task type, welding in confined spaces and
higher susceptibility of some workers to the
effects of welding fume exposure. In fact, weld-
ing produces not only fumes but also some toxic
gases (e.g., ozone, carbon monoxide and nitrogen
dioxide), which can affect pulmonary functions,
so investigating effects of welding gases on pul-
monary functions is recommended.
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