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skin-prick test and having a vital capacity above median at 
baseline.
Conclusion The current Swedish OEL may not protect 
welders against eye and airway symptoms. The results add 
to the evidence that welders should be offered regular med-
ical surveillance from early in the career.

Keywords Work-related symptoms · Diary study · Risk 
factors · Medical surveillance

Introduction

Welding fumes may induce reactive oxygen species (Li 
et al. 2004; Brand et al. 2010; Leonard et al. 2010) and be 
hazardous to eyes and airways eliciting both acute effects 
and manifest disease (Antonini 2003). Adverse effects 
in the airways may be caused by gases as well as parti-
cles in the welding fumes (Antonini 2003), although par-
ticles may be the more prominent exposure (Schoonover 
et al. 2011; Hedmer et al. 2014). The size of the particles 
influences the deposition in the airways and the health 
effects (Oberdörster et al. 2005; Sturm 2010). Thus, it 
has been claimed that particles in the nano-range may be 
of special interest for the effects on the peripheral airways 
(Oberdörster et al. 2005). Particles in the welding fume are 
small, from 20 to 100 nm in diameter (ultrafine particles; 
Zimmer and Biswas 2001). However, welders may also be 
exposed to particles from other sources, e.g. when grinding 
the welded material. At grinding, larger particles are gener-
ated although a high fraction of them is respirable (Zimmer 
and Maynard 2002).

However, the findings of health effects are not consist-
ent as the number of studies showing no effects or health 
effects only to special welding procedures are considerable 
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1.79 (1.46–2.19), nasal: 2.16 (1.81–2.58), dry cough: 1.50 
(1.23–1.82) and wheezing and/or dyspnoea: 1.27 (1.03–
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response relationships were found for the other exposure 
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(Antonini 2003; Lillienberg et al. 2008). The reasons for 
the diversities are many. Methodological problems are 
considerable at such studies. Furthermore, the exposure 
is complex; various materials and welding methods are 
employed, and personal protection varies. Daily exposure 
may vary and may occasional give rise to symptoms. It is 
reason to believe that frequent occasional symptoms may 
increase the risk of manifest disease in the airways (Rosen-
hagen et al. 2012) although firm knowledge does not exist 
(Francis et al. 2007). Furthermore, to our knowledge, the 
association between such symptoms and exposure at least 
in the low exposure range is lacking and so is the mean-
ing of modifying factors. As hundred thousands of work-
ers worldwide are exposed to welding fumes (Antonini 
et al. 2003), it is important to clarify the health risks in this 
environment.

In a panel of mild steel welders, we aim to follow diary-
registered symptoms from eyes and airways and relate 
them to different exposure measures. These are presence at 
work, welding time (WT), supposed to reflect the exposure 
to small particles, and an estimate of exposure to respirable 
particles supposed to reflect exposure to larger particles, 
e.g. from grinding. Furthermore, we aim to study the influ-
ence of possible effect modifiers.

Materials and methods

Study population

We have earlier established a cohort of 382 welders, mainly 
working with non-coated mild steel in southern Sweden 
(Hedmer et al. 2014). The welders produced heavy vehi-
cles, such as dumpers, trucks, asphalt rollers and railway 
wagons, as well as stoves, windmill towers and wheel 
containers. From workshops with more than eleven weld-
ers, all non-smoking subjects who had reported work-
related symptoms from the upper and/or lower airways 
the last month in a screening questionnaire were invited 
to the panel. Two welders refused. Thus, 74 workers were 
included. Of these, 52 had experienced symptoms from the 
lower airways and 22 only from the upper airways. Thirty-
two welders without symptoms the last month, who were 
matched to the symptomatic welders with regard to fac-
tory, age and atopy, were also included. Ex-smokers were 
included if their current tobacco-free period was more than 
5 years. Seven subjects who had declared in the screening 
questionnaire that they were never smokers turned up to 
be former smokers at the medical examination. Thus, the 
total panel consisted of 106 mild steel welders of whom 23 
were former smokers (pack-year = 2.2, 0.3–15; median, 
min–max). The fraction of self-reported lifetime preva-
lence of asthma in the panel was equal to that of the rest of 

the cohort (9.9 vs. 9.8 %). Chronic bronchitis (see below) 
was less common in the rest of the cohort than in the 
panel (16.3 % vs. 22.3 %). No significant differences were 
noticed with regard to atopy and symptoms the last month 
(Table 1). The study subjects gave their informed written 
consent, and the Regional Ethical Committee of Lund Uni-
versity approved the study.

Study design

The panel went through a medical examination (see below). 
Thereafter, the members filled in a diary for three two-
week periods during the year: (1) the first 2 weeks after 
the summer holiday, (2) during wintertime and (3) dur-
ing springtime. Eighty-one welders (76.4 %) filled in the 
diary during all three periods, 17 welders (16.0 %) during 
two periods, and eight welders (7.5 %) during one period. 
The diary contained questions about symptoms and work 
tasks. During each diary period, exposure measurements 
in the work place were carried out (see below). Based on 
the measurements and the diary information, two exposure 
estimates were calculated for each individual for each day. 
These estimates were then related to the corresponding 
daily symptoms.

Medical examination

A structured interview examined working and medical his-
tory, including symptoms from the eyes (running, itching, 
burning and/or dry eyes), upper airways (blocked, running, 

Table 1  Age, years with welding work [median, (min–max)], ever 
smoking, atopy, asthma, chronic bronchitis, medicine use and symp-
toms the last month [numbers (%)] at the screening examination by 
questionnaire in the panel group and in the rest of the welders

a Mann–Whitney U test
b Fisher’s exact test

Panel
N = 106

The rest of welders
N = 276

p value

Age (years) 37 (20–63) 41 (19–64) 0.008a

Working with welding 
(years)

12 (0.5–44) 16 (0.2–45) 0.005a

Ever smoking 16 (15.2) 194 (71.9) <0.001b

Atopy 24 (23.1) 63 (23.0) 1.0b

Asthma 10 (9.9) 26 (9.8) 1.0b

Chronic bronchitis 23 (22.3) 43 (16.3) 0.18b

Medicine use 16 (15.1) 38 (13.8) 0.74b

Symptoms

 Eyes 36 (34.6) 110 (41.0) 0.29b

 Nose 60 (57.7) 127 (46.9) 0.066b

 Cough 32 (30.8) 83 (30.2) 0.90b

 Wheezing/dyspnoea 21 (20.2) 57 (20.8) 1.0b
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itching and/or sneezing nose) and lower airways (attacks 
of wheezing breath and/or dyspnoea, attacks of dry cough) 
during the last year and their relationship to work, smoking 
habits and atopy by history (Littorin et al. 2000). Chronic 
bronchitis was defined according to Medical Research 
Council (1965). Atopy by history was defined as a history 
of hay fever, asthma and/or eczema during childhood and/
or adolescence. Work-related symptoms were those associ-
ated with work, i.e. recovery during weekends and vacan-
cies (Ferris 1978).

A physical examination including lung auscultation and 
a skin-prick test, using a standard panel (ALK Abello A/S, 
Copenhagen, Denmark) of 12 common allergens [birch, 
grasses (Phleum prat., Dactylis glom., Arrhenatherum 
elat.), mugwort, cat, dog, horse, house dust mite (Der-
matophagoides pteronyssinus), moulds (Cladosporium 
herb., Alternaria alt., Aspergillus fum.)], was performed. 
Furthermore, vital capacity (VC) and forced expiratory 
volume in the first second (FEV1) were recorded using a 
spirometer (Vitalograph, Buckingham, UK) according to 
the guidelines of European Respiratory Society (Quan-
jer et al. 1993) and the results related to reference values 
(VC% and FEV1%; Berglund et al. 1963). Welders with 
symptoms from the lower airways went through a metha-
choline test as earlier described (Larsson et al. 2007).

Diary

At the end of each day, the welders did a diary regard-
ing (1) symptoms from the eyes and airways as described 
above, (2) symptoms of common cold and fever and medi-
cation used during the day, (3) the total number of hours 
worked, work task (including welding or grinding time) 
and welding method applied and (4) the number of opera-
tions performed and the time consumed for each operation. 
Also, use of personal protective equipment (PPE) and local 
ventilation was obtained.

Air sampling measurements

Personal exposure measurements for ozone and respirable 
dust (RD) were taken during one full day during each of 
the three periods of measurements (Hedmer et al. 2014). 
The average sampling time was 6.2 h. Ozone was meas-
ured according to OSHA method ID-214 (OSHA 2008). 
The measured levels were low (0.03 mg/m3 geomet-
ric mean; Hedmer et al. 2014) and were not further ana-
lysed. Respirable dust was measured with filters placed in 
RD cyclones (BGI Inc, MA, USA) connected to portable 
pumps. The levels of RD varied between 0.08 and 38.3 mg/
m3. The median was 1.5 mg/m3, and 24 (9.2 %) of a total 
of 262 samples were above or at the current Swedish occu-
pational exposure limit (OEL; 2011). The samplings were 

performed in the breathing zone, but outside the PPE. In the 
case when air-fed helmets were used, this was compensated 
for in the exposure model (see below). The detailed expo-
sure measurements can be found in Hedmer et al. (2014).

Exposure measures

Two different uncorrelated (Rs = 0.09) estimates for the 
welding fume exposure were used: (1) actual time spent 
welding each day as extracted from the diaries, henceforth 
referred to as WT, and (2) estimated exposure for RD each 
day (see below).

Exposure estimate for respirable dust

To estimate the exposure to RD for the days when exposure 
was not measured, information on work tasks extracted 
from the diary was used in a statistical linear model 
based on protocols on daily activity and other measures 
(Wameling et al. 2000). The idea is to predict exposure 
with variables easier to obtain than exposure measurements 
and use these variables in a statistic model.

This model was built from observations (N = 262) from 
those workers for whom we had both data on work tasks 
and measured dust data. As these workers each could have 
up to three measurements, the mixed model for repeated 
measures in SPSS (version 15.0) was used to estimate a 
suitable model. Estimates were obtained by the restricted 
maximum-likelihood method. The Schwarz’s Bayesian Cri-
terion suggested that an autoregressive covariance structure 
should be used in the model. As the measurements of RD 
were skewed, they were transformed using the natural loga-
rithm before inclusion in the model.

The independent variables in the model were the frac-
tion of the work day spent welding with different tech-
niques (metal inert gas (MIG), metal active gas (MAG), 
tungsten inert gas (TIG), manual metal arc (MMA), weld-
ing with powder (submerged arc welding) and supervision 
of robot welding), as well as the fraction of the work day 
spent grinding, and the present company. The estimated 
dust was calculated accordingly. First, the following for-
mula was used to combine the exposure caused by the dif-
ferent welding methods:

Welding represents the fraction of the day working with 
welding irrespective of method. The effect of grinding was 
added in the same way (see below). Finally, the use of PPE 
was taken into account on the basis of measurements taken 
inside and outside PPE, such that only a third of the esti-
mated RD was used for times when the worker had been 
using

z = 0.369MAG+ 0.577MIG−0.25MMA

−1.489 powder−0.291 robot+ 0.547TIG+ 0.214welding
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PPE:

x1 represents the part of the WT when PPE was used, x2 
the corresponding for grinding, and grinding the fraction of 
the day spent grinding. Finally, the company (comp) was 
adjusted for when the values were back-transformed to 
original scale:

comp ranged between −1.473 and 1.075 for the 11 compa-
nies included.

These estimated levels of respiratory dust are hence-
forth referred to as estimated exposure. The exposure was 
estimated for all panel members for all days under study, 
including those that had actual measurements.

Statistics

To estimate the association between exposure and symp-
toms, mixed-model analyses on repeated observations were 
performed. We used symptom specifications from the dia-
ries as a binary-dependent variable (no/yes) and subject 
as a random factor. Four different symptoms (eyes, upper 
airways, dry cough and wheezing and/or dyspnoea) were 
used as outcomes. Different exposure variables (work-
ing day—no/yes, estimated exposure of particles and WT) 
were tested as fixed effects. The estimated exposure and 
WT were analysed as categorical variables. The categori-
cal variables were created by trichotomising each exposure 
for the whole study group at their respective 33rd and 67th 
percentiles. Cut-offs for the group were set at 1.08 and 
1.86 mg/m3 for estimated RD and at 4.5 and 7.0 h for WT. 
The days off were used as reference. The analyses with the 
categorical variables were performed without the days of 
illness (e.g. fever or common cold).

Confounders added to the models were age (continu-
ous), any medicine use for the symptom analysed (no/yes) 
and the number of years working with welding (continu-
ous). As effect modifiers, we tested the period of the year 
(spring/after summer holiday/winter), skin-prick test (nega-
tive/positive), VC% [binary; cut-point median (95 %)], 
FEV1% [binary; cut-point median (99 %)], the number of 
years working with welding (binary; short-term welders ≤3 
(N = 7), long-term welders ≥3 years) and medication rele-
vant for the symptom studied (no/yes). Each effect modifier 
was analysed with the exposure variable working day by 
adding the effect modifier and the interaction term (modi-
fier × working day) to the model. The total effect (working 

y = 0.08300+
x1 × z

3
+ (1− x1)× z

+
x2 × 0.673 grinding

3
+ (1− x2)× 0.673 grinding

RDest = e{y− comp}

day with effect modifier) was obtained by removing the 
main effect of the working day from the model.

The PROC GLIMMIX procedure in SAS was used. 
SP(EXP) was chosen as covariance structure to account for 
the three periods of the year. The welders participated dur-
ing different weeks within each period. The median weeks 
for the periods were calculated, and the days were used in 
the analyses. The estimates were obtained by the residual 
likelihood subject-specific expansion pseudo-likelihood 
technique if not otherwise stated. The statistical analyses 
were performed in SPSS 15.0 for Windows (SPSS Inc., 
Chicago, IL, USA) and SAS 9.2 for Windows (SAS Insti-
tute Inc., Cary, NC, USA), and p values below 0.05 were 
considered as statistically significant.

Results

There were no differences between the symptom groups 
regarding age, number of years with welding or lung func-
tion, but they differed with regard to skin-prick test posi-
tivity (Table 2). Only five of the welders having symptoms 
from the lower airways reacted significant on the metha-
choline test indicating none-specific bronchial hyperreac-
tivity. The group of workers who at inclusion to the study 
reported no airway symptom the last month had some 
symptoms during the study period, but the prevalence was 
considerably lower than in the other two groups. In total, 
the welders reported eye symptoms 9.7 % of the days 
recorded. The corresponding number for upper airway 
symptoms was 33 %, for wheezing/dyspnoea 2.6 % and for 
dry cough 14 %.

Exposure estimate for respirable dust

The actual measurements and the estimated data were in 
agreement as judged by visual assessment (not shown) 
and justified in the median: measured RD (262 samples) 
1.45 mg/m3 and estimated (2497 samples) 1.44 mg/m3. 
However, the measured exposure had a larger range com-
pared to the exposure estimate (25th–75th percentile 0.77–
2.38 vs. 1.01–1.64).

Dose–response relationships

When individual relationships between exposure estimates 
and symptoms or no symptoms, respectively, were stud-
ied, welders with symptoms had longer daily WT than 
those without symptoms (Fig. 1a), whereas exposure only 
was higher in subjects with nasal symptoms and wheezing 
and/or dyspnoea when estimated respiratory dust was used 
(Fig. 1b).
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Furthermore, there was a significant increase during 
working days compared to days off for the four symptoms 
studied (Tables 3, 4, 5, 6). When the group was trichot-
omised with regard to exposure levels (WT, estimated res-
piratory dust), increased risks of all four symptoms were 
shown in all exposure groups, but straightforward dose–
response relationships were generally not demonstrated. 
Thus, the highest exposure group often had a lower risk 
than the medium exposed group (Tables 3, 4, 5, 6).

Symptom modifiers

When possible modifiers of symptoms were studied using 
days at work as the measure of exposure the winter period 
of the year, having a negative skin-prick test and VC% 
above the median before the study significantly increased 
the risk of wheezing and/or dyspnoea (Table 6). Long-term 
welders (≥3 years) had a significantly increased risk of 
eye symptoms and of wheezing and/or dyspnoea (Tables 3, 
6). FEV1% below the median increased the risk of nasal 
symptoms and dry cough (Tables 4, 5). Medication used 
was inversely associated with the risk of all the symptoms 
but wheezing and/or dyspnoea did not reach statistical sig-
nificance (Tables 3, 4, 5, 6).

Discussion

In this diary study of mild steel welders regarding short-
term symptoms from eyes and airways associated with 
different exposure measures, we found that the welders 
reported significantly more symptoms from eyes and air-
ways on working days compared to days off although the 

exposure levels generally were below the Swedish OEL. 
Welders with symptoms had longer WT the same day 
than those without symptoms, whereas this was true only 
for nasal symptoms and wheezing and/or dyspnoea when 
estimated RD was considered. No straightforward dose–
response relationships were found for the two exposure 
measures. Working ≥3 years as a welder increased the 
risk of eye symptoms as well as wheezing and/or dysp-
noea. Wintertime and having a negative skin-prick test also 
increased the risk of wheezing and/or dyspnoea. A lower 
FEV1% increased the risk of symptoms from the airways, 
whereas strange enough a higher VC% increased the risk of 
wheezing and/or dyspnoea.

In this study, there are some concerns of methodology 
which should be considered. Twenty-five welders did not 
fully complete the diary. A dropout was expected because 
of the long follow-up time. The dropout was due to per-
sonal reasons such as change of work or beginning of edu-
cation. We have no reason to believe that the participants 
stopped for health reasons even if we are missing informa-
tion from some few subjects. Thus, we do not think this 
dropout may influence the risk assessment to any signifi-
cant degree.

It is earlier shown that mild steel welders have more 
symptoms from eyes and airways compared to non-welders 
(Cotes et al. 1989; Mur et al. 1985; Torén et al. 1999). In 
this study, we showed that such symptoms clearly increase 
during working days although the exposure was not 
extreme compared to the current Swedish exposure limit 
(OEL, 2011). This indicates that the current OEL may not 
be sufficient.

Using the two other measures for exposure, we found 
no clear dose–response relationships for neither. Several 

Table 2  Age, years of welding, 
skin-prick test positivity, 
medicine used regularly, 
symptoms the last year before 
the study and lung function in 
subgroups and in the total panel 
at the medical examination 
[median (min–max) or N, (%)]

a Symptoms the last month
b Vital capacity (VC) and 
forced expiratory volume in 
the first second (FEV1) as % of 
predicted

Present airway symptomsa

No
N = 32

Lower
N = 52

Upper, only
N = 22

Total
N = 106

Age (years) 38 (22–62) 38 (21–63) 36 (22–53) 37 (21–63)

Welding work (years) 13 (0.4–40) 12 (2–44) 10 (2–26) 12 (0.4–44)

Positive skin-prick test 6 (18.8) 18 (34.6) 6 (27.3) 30 (28.3)

Medicine use 2 (6.2) 7 (13.5) 0 (0.0) 9 (8.5)

Symptoms

 Eyes 7 (21.9) 25 (48.1) 5 (22.7) 37 (34.9)

 Running nose 2 (6.3) 32 (61.5) 9 (40.9) 43 (40.6)

 Nose stuffiness 1 (3.1) 34 (65.4) 13 (59.1) 48 (45.3)

 Sneezing/nose itching 2 (6.3) 30 (57.7) 10 (45.5) 42 (39.6)

 Wheezing/dyspnoea 1 (3.1) 36 (69.2) 0 (0.0) 37 (34.9)

 Dry cough 2 (6.3) 35 (67.3) 0 (0.0) 37 (34.9)

Spirometryb

 VC% 96 (66–108) 93 (70–115) 95 (70–118) 95 (66–118)

 FEV1% 100 (76–114) 98 (66–129) 100 (79–123) 100 (66–129)
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questions concerning validity of the exposure estimates and 
selection of the group should, therefore, be considered.

Regarding the statistical model for respirable particles, 
measured data and estimated data were in agreement as 
judged by visual assessment. As expected, the estimates 
from the model did not include extreme exposure levels, as 
indicated by a smaller range for estimated exposure com-
pared to measured exposure. This will probably tend to 
press the dose–response curve to the left. However, this is 
not likely to explain the lack of the dose–response relation-
ships, as the exposure was trichotomised in the analysis.

Particles in the welding environment are emitted from 
welding and grinding. Although the particles emitted at 
welding will aggregate in the welders breathing zone, they 
are still very small (about 100 nm, Zimmer and Biswas 
2001). Therefore, the measure “welding time” may to a 
higher degree reflect an exposure to ultrafine particles with 
a larger surface per weight unit, compared to the estimated 
exposure to particles.

The particles emitted from grinding are somewhat big-
ger than the welding-derived ones, although a substan-
tial amount of these are in the nano- to the micrometre 
scale, depending on the substrate (Zimmer and Maynard 
2002). The grinding-derived particles may then have a 
larger impact on the estimated exposure to particles than 
the welding-derived ones. However, no clear differences 
between the two exposure estimates were noted.

Exposure to RD may be overestimated for the time 
grinding as the protection factor used in the estimate was 
the same as the one used for welding. The estimated pro-
tection factor is low due to the fact that when welding, the 
welders repeatedly lift the protective helmet to examine 
the welding seam and thus get exposed. When grinding,  
the PPE is used during longer periods, as it is easier to see 
the results of the work through the visor, compared to when 
welding. However, that will be true for all the exposure cat-
egories studied and may not affect the dose–response rela-
tionships. Furthermore, it will not explain the lack of dose–
response relationship for WT.

Ozone and nitrogen dioxide may be present in the weld-
ing environment, but they are not considered in our esti-
mates. Nitrogen dioxide was initially measured with direct-
reading devices, but as levels were low this measure was 
excluded from the sampling scheme. Only a few samples 
showed ozone levels higher than the background (Hed-
mer et al. 2014). Low exposure levels to ozone and nitro-
gen oxide in welders’ environment have also been shown 
by Schoonover et al. (2011). Ozone exposure is probably 

intermittent, and a few very short peaks would then not 
have been detected. Such short exposures may elicit symp-
toms in sensitive subjects, but it is hard to believe that 
this substantially has influenced the dose–response rela-
tionships. Regarding symptoms from the eye injures and 
arc eyes may explain some of the symptoms. One of the 
authors (JN) has a personal knowledge to some of the 
workshops included. The welders are well protected, and 
such injuries do not happen so frequent that the high rate of 
symptoms can be explained by such injuries.

The same lack of dose–response relationships was found 
in another study of welders, although the study design was 
completely different (Lillienberg et al. 2008). This lack 

Table 3  Eye symptoms associated with different exposure measures 
for welders and the influence of possible effect modifiers when days 
at work are used as measure of exposure

Estimates were adjusted for age, medication used and the number of 
years working with welding
a The total effect of working day with effect modifier was obtained 
by removing the main effect of the working day from the model
b Each effect modifier was analysed with the exposure variable work-
ing day by adding the effect modifier and the interaction term (modi-
fier × working day) to the model
c The reference, no working day, is removed from the table
d The days of illness were removed from the analysis
e The first 2 weeks after summer holiday

N Category OR 95 % CIa Interactionb

p value

Exposure measuresc

 Respirable dustd 105 Low 2.25 1.68–3.02

Medium 1.72 1.30–2.27

High 1.46 1.04–2.07

 Welding timed 105 Low 1.73 1.30–2.30

Medium 2.14 1.61–2.85

High 1.77 1.40–2.25

 Working day 105 1.79 1.46–2.19

Working day with effect modifier (total effect and interaction)

 Period of the 
year

105 Summere 2.43 1.68–3.51

Winter 1.54 1.09–2.17

Spring 1.50 1.04–2.16 0.12

 Skin-prick test 104 Negative 1.97 1.55–2.50

Positive 1.47 0.98–2.22 0.23

 VC% 105 <95 % 1.70 1.29–2.24

≥95 % 1.90 1.41–2.57 0.59

 FEV1% 105 <99 % 1.92 1.49–2.47

≥99 % 1.58 1.13–2.22 0.37

 Welding years 105 <3 years 0.77 0.33–1.78

≥3 years 1.88 1.52–2.32 0.043

 Medication 67 No 2.84 1.88–4.28

Yes 1.31 0.93–1.86 0.0051

Fig. 1  Relation between estimated exposures expressed as welding 
time (a) and respirable dust (b) and presence or absence of symp-
toms, respectively, from eyes, nose, dry cough and wheezing and/or 
dyspnoea in a box plot diagram showing medians and the 25 and 75 
percentiles for all estimated exposures during the study periods

◂
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was explained by a selection of symptomatic workers away 
from the highest exposure area. In the present study, weld-
ers were selected to the panel because of their symptoms, 
either they had frequent or few symptoms in their welding 
environment. Thus, the panel may consist of subjects who 
in the present exposure interval had symptoms easy trig-
gered and who were resistant, respectively. However, the 
two groups were matched with regard to the workplace. So 
it is hard to understand how a selection could explain the 
lack of dose–response relationship.

Although the panel consisted of a considerable group 
of symptomatic welders, manifest diseases in the airways 
and non-specific hyper-reactivity were infrequent, which 

also is reflected by the low use of medication, normal lung 
functions in general and only a few subjects reacting at 
the methacholine test. It is reason to believe that we are 
witnesses to the effects of processes in the mucous mem-
branes elicited by the injury from the welding environment 
and modified by repair processes as described in experi-
mental studies of Oh et al. (2009), Leonard et al. (2010), 
from our group in some of the symptomatic welders stud-
ied separately (Jönsson et al. 2011) and furthermore in a 
cross-sectional study of mild steel welders by Hoffmeyer 
et al. (2012). However, there is still a lack of knowledge 
concerning the dose–response relationships and of the 
mechanisms.

Table 4  Nasal symptoms associated with different exposure esti-
mates for welding and the influence of possible effect modifiers when 
days at work are used as measure of exposure

Estimates were adjusted for age, medication used and the number of 
years working with welding
a The total effect of working day with effect modifier was obtained 
by removing the main effect of the working day from the model
b Each effect modifier was analysed with the exposure variable work-
ing day by adding the effect modifier and the interaction term (modi-
fier × working day) to the model
c The reference, no working day, is removed from the table
d The days of illness were removed from the analysis
e The first 2 weeks after summer holiday

N Category OR 95 % CIa Interactionb

p value

Exposure measuresc

 Respirable dustd 105 Low 2.39 1.86–3.08

Medium 3.18 2.44–4.16

High 1.65 1.23–2.22

 Welding timed 105 Low 2.31 1.82–2.92

Medium 2.62 2.05–3.33

High 2.14 1.70–2.71

 Working day 105 2.16 1.81–2.58

Working day with effect modifier (total effect and interaction)

 Period of the 
year

105 Summere 1.77 1.29–2.44

Winter 2.20 1.63–2.95

Spring 2.89 2.12–3.95 0.094

 Skin-prick test 104 Negative 2.18 1.76–2.70

Positive 2.18 1.58–3.00 1.00

 VC% 105 <95 % 2.07 1.59–2.68

≥95 % 2.25 1.76–2.86 0.65

 FEV1% 105 <99 % 2.51 1.99–3.16

≥99 % 1.75 1.34–2.28 0.044

 Welding years 105 <3 years 2.13 1.08–4.18

≥3 years 2.16 1.80–2.60 0.96

 Medication 67 No 3.02 2.16–4

Yes 1.86 1.36–2.56 0.040

Table 5  Dry cough associated with different exposure estimates for 
welding and the influence of possible effect modifiers when days at 
work are used as measure of exposure

Estimates were adjusted for age, medication used and the number of 
years working with welding
a The total effect of working day with effect modifier was obtained 
by removing the main effect of the working day from the model
b Each effect modifier was analysed with the exposure variable work-
ing day by adding the effect modifier and the interaction term (modi-
fier × working day) to the model
c The reference, no working day, is removed from the table
d The days of illness were removed from the analysis
e The first 2 weeks after summer holiday

N Category OR 95 % CIa Interactionb

p value

Exposure measuresc

 Respirable dustd 105 Low 1.79 1.36–2.34

Medium 1.85 1.39–2.47

High 1.17 0.83–1.65

 Welding timed 105 Low 1.56 1.19–2.05

Medium 1.54 1.18–2.00

High 1.78 1.38–2.29

 Working day 105 1.50 1.23–1.82

Working day with effect modifier (total effect and interaction)

 Period of the 
year

105 Summere 1.83 1.30–2.56

Winter 1.32 0.95–1.82

Spring 1.40 1.00–1.96 0.34

 Skin-prick test 104 Negative 1.67 1.32–2.11

Positive 1.21 0.84–1.74 0.14

 VC% 105 <95 % 1.63 1.24–2.14

≥95 % 1.38 1.05–1.82 0.41

 FEV1% 105 <99 % 1.87 1.41–2.49

≥99 % 1.22 0.92–1.60 0.033

 Welding years 105 <3 years 1.82 0.86–3.83

≥3 years 1.48 1.21–1.80 0.59

 Medication 67 No 2.08 1.47–2.96

Yes 1.22 0.90–1.65 0.023
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Interestingly, the risk of wheezing and/or dyspnoea 
increased already after 3 years of welding. We have earlier 
shown that welders in aluminium and stainless steel already 
after more than 2.5 years of welding had an increased reac-
tivity in the small airways compared to welders with a 
shorter WT (Nielsen et al. 1993). The present study may 
add to the evidence that regularly medical surveillance is 
important from the beginning of the welding career.

The risk of wheezing and/or dyspnoea was surpris-
ingly increased in subjects having a negative skin-prick 

test. Prior to the study, welders having work-related lower 
airway symptoms quite frequently had a positive skin-
prick test and thus were supposed to be more sensitive to 
irritants. Our findings is, however, in accordance with the 
results from a newly published Scandinavian population-
study regarding exposure to low molecular agents and irri-
tants. Non-atopic subjects were then at the highest risk of 
new-onset asthma (Lillienberg et al. 2012). The result may 
indicate that atopy is not a marker of risk in the welding 
environment. However, different selection mechanisms 
may have influenced these results.

Having a FEV1% before the study under the median 
increased the risk of all the airway symptoms studied 
although most had a lung function well within the nor-
mal range. FEV1 is affected at obstructive lung diseases, 
but there is also an association between rhinitis, even in 
absence of atopy, and adult-onset asthma (Shaaban et al. 
2008); this can explain the association between FEV1 and 
nasal symptoms. A reasonable interpretation of the present 
findings may be that frequent symptoms from the airways 
have affected the lung function, so far without manifest dis-
ease. This may further indicate an increased risk of mani-
fest asthma as shown in an earlier study by Puolijoki et al. 
(1992) who followed a group of subjects examined because 
of suspected asthma but where the examination could not 
state that. Those who later developed an overt asthma had 
a lower FEV1% compared to those without asthma devel-
opment. Contrary, in the present study, VC% above the 
median increased the risk of wheezing and/or dyspnoea. 
This is surprising, but our finding is supported by Kalhan 
et al. (2010) who followed a group of young adults without 
asthma during 20 years and found that a lower FEV1 and a 
higher FVC predicted development of asthma.

Conclusion

Welders’ eye and airway symptoms increased signifi-
cantly during working days although exposure was gener-
ally below the Swedish OEL. Furthermore, welders with 
symptoms had longer WT the same day as welders with-
out symptoms. This indicates that the current OEL may not 
protect the workers from hazardous effects. The symptoms 
may predict later overt disease. The results add to the evi-
dence that welders should be offered regular medical sur-
veillance from early in the career.
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by removing the main effect of the working day from the model
b Each effect modifier was analysed with the exposure variable work-
ing day by adding the effect modifier and the interaction term (modi-
fier × working day) to the model
c The reference, no working day, is removed from the table
d The days of illness were removed from the analysis
e The first 2 weeks after summer holiday
f The estimates were obtained by the maximum-likelihood subject-
specific expansion pseudo-likelihood technique (MSPL)

N Category OR 95 % CIa Interactionb

p value

Exposure measurec

 Respirable 
dustd

105 Low 1.93 1.34–2.78

Medium 2.57 1.85–3.56

High 1.26 0.95–1.67

 Welding 
timed

105 Low 1.99 1.45–2.72

Medium 1.34 1.02–1.77

High 1.90 1.43–2.53

 Working day 105 1.27 1.03–1.56

Working day with effect modifier (total effect and interaction)

 Period of the 
year

105 Summere 1.70 0.89–3.24

Winter 3.22 1.76–5.90

Spring 0.80 0.53–1.21 <0.001

 Skin-prick test 104 Negative 2.06 1.51–2.80

Positive 0.88 0.65–1.20 <0.001

 VC% 105 <95 % 0.96 0.72–1.29

≥95 % 1.63 1.21–2.19 0.014

 FEV1% 105 <99 % 2.38 1.75–3.23

≥99 % or more 0.39 0.27–0.57 –f

 Welding years 105 <3 years 0.46 0.23–0.94

≥3 years 1.43 1.14–1.78 0.0027

 Medication 67 No 2.21 0.94–5.22

Yes 1.10 0.86–1.41 0.12



1140 Int Arch Occup Environ Health (2015) 88:1131–1140

1 3

by the Swedish Council for Working Life and Social Research (FAS; 
2002-0268).

Conflict of interest The authors declare no conflict of interest.

Open Access This article is distributed under the terms of the Crea-
tive Commons Attribution License which permits any use, distribu-
tion, and reproduction in any medium, provided the original author(s) 
and the source are credited.

References

Antonini JM (2003) Health effects of welding. Crit Rev Toxicol 
33:61–103

Antonini JM, Taylor MD, Zimmer AT, Roberts JR (2003) Pulmonary 
Responses to welding fumes: role of metal constituents. J Toxicol 
Environ Health 67:233–249

Berglund E, Birath G, Bjure J, Grimby G, Kjellmer I, Sandquist L, 
Söderholm B (1963) Spirometric studies in normal subjects. I. 
Forced expirograms in subjects between 7 and 70 years of age. 
Acta Med Scand 173:185–192

Brand P, Gube M, Gerards K, Bertram J, Kaminski H, John AC, Kuh-
lbusch T, Wiemann M, Eisenbeis C, Winkler R, Kraus T (2010) 
Internal exposure, effect monitoring, and lung function in welders 
after acute short-term exposure to welding fumes from different 
welding processes. J Occup Environ Med 52:887–892

Cotes JE, Feinmann EL, Male VJ, Rennie FS, Wickham CAC (1989) 
Respiratory symptoms and impairment in shipyard welders and 
caulker/burners. Br J Ind Med 46:292–301

Ferris BG (1978) Epidemiology Standardization Project (American 
Thoracic Society). Am Rev Respir Dis 118:1–120

Francis HC, Prys-Picard CO, Fishwick D, Stenton C, Burge PS, Brad-
shaw LM, Ayres JG, Campbell SM, Niven RM (2007) Defining 
and investigating occupational asthma: a consensus approach. 
Occup Environ Med 64:361–365

Hedmer M, Karlsson J-E, Andersson U, Jacobsson H, Nielsen J, Tinner-
berg H (2014) Exposure to respirable dust and manganese and preva-
lence of airways symptoms, among Swedish mild steel welders in the 
manufacturing industry. Int Arch Occup Environ Health 87:623–634

Hoffmeyer F, Raulf-Heimsoth M, Lehnert M, Kendzia B, Bernard S, 
Berresheim H, Düser M, Henry J, Weiss T, Koch HM, Pesch B, 
Brüning T, Weldox Group (2012) Impact of different welding tech-
niques on biological effect markers in exhaled breath condensate 
of 58 mild steel welders. J Toxicol Environ Health A 75:525–532

Jönsson LS, Nielsen J, Broberg K (2011) Gene expression analysis 
in induced sputum from welders with and without airway-related 
symptoms. Int Arch Occup Environ Health 84:105–113

Kalhan R, Arynchyn A, Colangelo LA, Dransfield MT, Gerald LB, 
Smith LJ (2010) Lung function in young adults predicts airflow 
obstruction 20 years later. Am J Med 123:468

Larsson B, Karlsson J-E, Nielsen J (2007) Respiratory and ocular 
symptoms in workers exposed to potassium aluminium-tetrafluor-
ide soldering flux. Int Arch Occup Environ Health 80:627–633

Leonard SS, Chen BT, Stone SG, Schwegler-Berry D, Kenyon AJ, 
Frazer D, Antonini JM (2010) Comparison of stainless and mild 
steel welding fumes in generation of reactive oxygen species. 
Part Fibre Toxicol 7:32

Li GJ, Zhang LL, Lu L, Wu P, Zheng W (2004) Occupational expo-
sure to welding fume among welders: alterations of manganese, 
iron, zinc, copper, and lead in body fluids and the oxidative stress 
status. J Occup Environ Med 46:241–248

Lillienberg L, Zock JP, Kromhout H, Plana E, Jarvis D, Torén K, 
Kogevinas M (2008) A population-based study on welding 

exposures at work and respiratory symptoms. Ann Occup Hyg 
52:107–115

Lillienberg L, Andersson E, Janson C, Dahlman-Höglund A, Fors-
berg B, Holm M, Glslason T, Jögi R, Omenaas E, Schlünssen V, 
Sigsgaard T, Svanes C, Torén K (2012) Occupational exposure 
and new-onset asthma in a population-based study in Northern 
Europe (RHINE). Ann Occup Hyg 57:482–492

Littorin M, Rylander L, Skarping G, Dalene M, Welinder H, Ström-
berg U, Skerfving S (2000) Exposure biomarkers and risk from 
gluing and heating of polyurethane: a cross sectional study of res-
piratory symptoms. Occup Environ Med 57:396–405

Medical Research Council Committee on Aetiology of Chronic Bron-
chitis (1965) Definition and classification of chronic bronchitis 
for clinical and epidemiological purposes Lancet 1:775–779

Mur JM, Teculescu D, Pham QT, Gaertner M, Massin N, Meyer-Bisch 
C, Moulin J, Diebold F, Pierre F, Meurou-Poncelet B, Muller J, 
Henquel JC, Baudin V, Betz M,Toamain JP (1985) Lung function 
and clinical findings in a cross-sectional study of arc welders. An 
epidemiological study. Int Arch Occup Environ Health 57:1–17

Nielsen J, Dahlqvist M, Welinder H, Thomassen Y, Alexandersson R, 
Skerfving S (1993) Small airways function in aluminium and stain-
less steel welders. Int Arch Occup Environ Health 65:101–105

Oberdörster G, Oberdörster E, Oberdörster J (2005) Nanotoxicology: 
an emerging discipline evolving from studies of ultrafine parti-
cles. Environ Health Perspect 113:823–839

Oh JH, Yang MJ, Yang YS, Park HJ, Heo SH, Lee EH, Song CW, 
Yoon S (2009) Microarray-based analysis of the lung recovery 
process after stainless-steel welding fume exposure in Sprague-
Dawley rats. Inhal Toxicol 21:347–373

OSHA (2008) Ozone in the workplace atmosphere. Method ID-214
Puolijoki H, Impivaara O, Liippo K, Tala E (1992) Later development 

of asthma in patients with a negative methacholine inhalation 
challenge examined for suspected asthma. Lung 170:235–241

Quanjer PH, Tammeling GJ, Cotes JE, Pedersen OF, Peslin R, Yer-
nault JC (1993) Lung volumes and forced ventilatory flows. 
Report Working Party Standardization of Lung Function Tests, 
European Community for Steel and Coal. Official Statement of 
the European Respiratory Society. Eur Respir J Suppl 16:5–40

Rosenhagen A, Vogt L, Thiel C, Bernhörster M, Banzer W (2012) 
Recurrent childhood wheezing and exercise induced asthma in 
later life. J Sports Med Phys Fitness 52:661–664

Schoonover T, Conroy L, Lacey S, Plavka J (2011) Personal exposure 
to metal fume, NO2, and O3 among production welders and non-
welders. Ind Health 49:63–72

Shaaban R, Zureik M, Soussan D, Neukirch C, Heinrich J, Sunyer J, 
Wjst M, Cerveri I, Pin I, Bousquet J, Jarvis D, Burney PG, Neu-
kirch F, Leynaert B (2008) Rhinitis and onset of asthma: a longi-
tudinal population-based study. Lancet 372(9643):1049–1057

Sturm R (2010) Theoretical models for dynamic shape factors and 
lung deposition of small particle aggregates originating from 
combustion processes. Z Med Phys 20:226–234

Swedish Work Environment Authority (2011) Occupational exposure 
limits and proceedings against air pollution AFS 2011:18. Stock-
holm, Sweden

Torén K, Järvholm B, Brisman J, Hagberg S, Hermansson B-A, Lil-
lienberg L (1999) Adult-onset asthma and occupational expo-
sures. Scand J Work Environ Health 25:430–435

Wameling A, Schäper M, Kunert J, Blaszkewicz M, van Thriel C, Zupanic 
M, Seeber A (2000) Individual toluene exposure in rotary printing: 
increasing accuracy of estimation by linear models based on proto-
cols of daily activity and other measures. Biometrics 56:1218–1221

Zimmer AT, Biswas P (2001) Characterization of the aerosols result-
ing from arc welding processes. J aerosol Science 32:993–1008

Zimmer AT, Maynard AD (2002) Investigation of the aerosols pro-
duced by a high-speed, hand-held grinder using various sub-
strates. Ann Occup Hyg 46:663–672


	The ordinary work environment increases symptoms from eyes and airways in mild steel welders
	Abstract 
	Purpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Materials and methods
	Study population
	Study design
	Medical examination
	Diary
	Air sampling measurements
	Exposure measures
	Exposure estimate for respirable dust
	Statistics

	Results
	Exposure estimate for respirable dust
	Dose–response relationships
	Symptom modifiers

	Discussion
	Conclusion
	Acknowledgments 
	References




