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ABSTRACT 
 
 
The aim of the present study was to describe the cases of OA due to stainless steel welding fumes 

diagnosed at the Finnish Institute of Occupational Health during the period 1994-2003. 

 

OA was diagnosed according to patient history, lung function examinations, and welding challenge 

tests with measurements of the FEV1 and PEF values. 

 

Our series comprised 34 patients, all men, with a mean age of 44.7 years (range 22-57), mainly 

working as welders. The mean duration of exposure was 22.4 years, and the mean duration of 

exposure before the onset of respiratory symptoms was 18.0 years. Dyspnoea was the most 

frequently reported work-related respiratory symptom. During the inhalation challenge tests, the 

mode of the asthmatic FEV1/PEF reaction was delayed in 16 (47%) patients, immediate in 9 (26%) 

patients, and dual (both immediate and delayed) in 9 (26%) patients. In the follow-up assessment 

six months later, only six patients were considered able to continue performing welding tasks, 

whereas occupational injury pension was recommended to seven, and measures of vocational 

rehabilitation to 14 patients.  

 

In most cases, after the diagnosis of OA, the continuation of welding work was not possible.  
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INTRODUCTION  
 
 
 
Welding refers to any process of joining pieces of metal at joint faces that have been made soft or 

liquid by heat. Welders are exposed to fumes containing different gases and particles, depending on 

the composition of the welding electrodes, welded material, and the welding method used. It is 

estimated that in Finland about 13,000 workers work as full-time welders, whereas the 

corresponding number in the United States is more than 400,000 [1]. Health effects associated with 

welding include chronic bronchitis, metal fume fever, lung function abnormalities, and asthma [1, 

2].  

 

Several case-reports have revealed occupational asthma (OA) in workers welding on common 

stainless steel [3, 4], special stainless steels [5], painted steel [6], as well as aluminium [7]. 

According to recent population-based studies welders run an almost twofold risk of developing 

asthma [8, 9]. Moreover, some epidemiological studies have indicated that exposure to welding 

fumes may indeed be a direct cause of asthma [10, 11, 12].  

 

Thus far, patient series dealing with welding challenge test positive cases of OA are sparse [3, 4], 

reflecting the fact that these tests are not routinely performed. To date, no analysis of large patient 

series from clinics of occupational medicine or pulmonology have been published. 

 

In the present paper we describe a patient series consisting of 34 welders with OA diagnosed with 

positive stainless steel welding challenge tests. 



  

METHODS 
 
 
Patients 
 
 
This study comprises the cases (i.e., a subject with OA with positive stainless steel welding 

challenge test) diagnosed at the Finnish Institute of Occupational Health (FIOH) during the years 

1994-2003. The patients were referred to FIOH by pulmonologists of local central hospitals or by 

physicians of local occupational health units from all over Finland. The ethics committee of the 

FIOH approved the study. Primary investigations at the FIOH included allergologic and lung 

function examinations with specific inhalation challenge tests. All the patients expect one (the 

patient had retired before the examinations) with diagnosed OA were called to the FIOH for a 

follow-up examination, including lung function examinations, six months after the diagnosis. The 

purpose of this follow-up examination was to check the stability of asthma and the status of the 

measurements of vocational rehabilitation.  

 

 

Allergologic examinations 
 
 
Skin-prick tests (SPT) for common environmental allergens (ALK-Abello A/S, Copenhagen, 

Denmark) as well as for metal salts (hexavalent and threevalent chromium, nickel, and cobolt) were 

performed as reported previously [13]. Histamine hydrochloride (10 mg/ml) was used as the 

positive control. The environmental allergens were the following: pollens of birch, alder, timothy 

hay, meadow foxtail, mugwort, and dandelion; epithelia of horse, dog, cat, and cow; dust mites 

(Dermatophagoides farinae, Dermatophagoides pteronyssinus); and moulds (Alternaria alternata, 

Cladosporium herbarum). The concentrations of the metals tested for, in water solutions were as 

follows: nickel sulphate 10 mg NiSO4/ml, potassium dichromate 1 mg Cr6+/ml, chromium chloride 



  

1 mg Cr3+/ml, and cobalt chloride 1 mg Co2+/ml. A positive reaction was defined as a wheal 

diameter ≥ 3 mm in the absence of reaction to the diluent and in the presence of a positive reaction 

to histamine phosphate.  

 

The total IgE values were determined by the Pharmacia CAP system IgE RIA (Kabi Pharmacia 

Diagnostics, Uppsala, Sweden) until 1996. Since then, these values have been measured using the 

Uni-CAP system (Pharmacia & Upjohn). 

 

Atopy was defined either as positive results to common environmental allergens (one or more 

allergens) in skin prick tests, or as positive atopic history (earlier infantile eczema, atopic 

dermatitis, or hay fever or other allergic rhinitis). 

 

 

Lung function examinations 
 
 

We performed flow-volume spirometry with a pneumotachograph spirometer connected to a 

microcomputer (Medicro MR909, Medikro, Kuopio, Finland), using the reference values of 

Viljanen [14]. At each measurement, three spirograms were taken. Spirometry was performed 

according to recommendations of European Respiratory Society [15], and forced vital capacity 

(FVC), forced expiratory volume in 1 second (FEV1), and the FEV1/FVC ratio (FEV%) were 

measured. We graded spirometry values as follows: normal (FEV1 > 80%, FVC > 81% and FEV% 

>87% of normal value); mild deterioration (FEV1 65-80% and/or FVC 65-81% and/or FEV% 78-

87% of normal value); moderate deterioration (FEV1 45-64% and/or FVC 45-64% and/or FEV% 

62-77% of normal value); and strong deterioration (FEV1<45% and/or FVC <45% and/or FEV% 

<62% of normal value). A histamine challenge test was performed according Sovijärvi�s method 



  

[16]; the provocative dose of 1.6% histamine diphosphate causing a 15% reduction in FEV1 

(provocative dose, PD15 ) was measured. We graded the hyperresponsiveness as strong with PD15 

<0.10 mg, moderate with PD15 0.11-0.40 mg, and mild with PD15 0.41-1.6 mg. The peak expiratory 

flow (PEF) monitoring during work days and days off was carried out according to the method of 

Burge [17]. 

 
 
 
Specific inhalation challenge tests 
 
 
We diagnosed the OA according to European guidelines [18]. Welding challenge tests were 

performed in every case, in a special welding chamber. The exposure time was 30 minutes, during 

which time five rods in the control test (OK 48.00; ESAB AB, Gothenburg, Sweden) and 11 rods in 

the stainless steel welding test (OK 63.30; ESAB AB, Gothenburg, Sweden) were consumed, 

respectively. Patients were monitored for 24 hours after each challenge. A portable, pocketsize 

spirometer (One Flow, STI MEDICAL, Saint-Romans, France) recorded the lung function 

measurements (FEV1, PEF), and a drop of 20% of PEF or FEV1 was regarded as significant. We 

also recorded clinical symptoms and lung auscultation findings. An asthmatic reaction was defined 

as follows: an immediate reaction causing a drop ≥ 20% in FEV1 or PEF values during the first 

post-challenge hour; a delayed reaction causing a similar FEV1 or PEF drop after the first post-

challenge hour; and a dual reaction as a combination of the above mentioned. If the patient 

experienced either immediate asthmatic symptoms and/or a significant drop in lung function 

parameters (FEV1, PEF) was recorded, we interrupted the challenge test. Mild steel welding was 

used as a control challenge test. In six cases, this was substituted by a lactose powder challenge test 

since these patients connected their respiratory symptoms clearly to stainless steel welding, but a 

placebo test with mild steel welding could not be performed due to instability of the asthma. In two 

cases, a second specific challenge test was performed with grinding dust of stainless steel from the 



  

workplace. If occupational rhinitis or laryngitis was clinically suspected, we observed the 

otorhinolaryngological status by an otorhinolaryngologist both before, and one hour after the 

challenge test. 

 
 
 
Statistical analysis 

 
We compared the proportional data with the Chi-square test or with Fisher�s exact test, and applied 

the Mann-Whitney U or Student�s t-tests in comparisons of continuous variables. Differences at the 

5% level were considered statistically significant. Data were analysed using the SPSS statistical 

software system version 10.05 (SPSS, Inc., Chicago, IL, USA). 

 
 
 
 

RESULTS 
 
 
The mean age of the patients was 44.7 years (range 22-57), and they were all men (Table 1). All 

patients were exposed to stainless steel welding fumes. They consisted of welders (24 cases), 

machine fitters (4), plumbers (3), metalworkers (1), metal work teachers (1), and metal working 

inspectors (1). Of the patients, 11 (32%) were current smokers, 17 (50%) were ex-smokers, and six 

(18%) had never smoked.  

 

The mean duration of exposure to stainless steel welding fumes before the examinations at the 

FIOH was 22.4 years (range 4-40). The mean duration of exposure before the onset of the 

respiratory symptoms was 18.0 years (range 0.5-34). Dyspnoea was the most frequently reported 

work-related respiratory symptom (reported in all but one patient), followed by cough and 

wheezing. Besides respiratory symptoms, 21 (62%) patients also had nasal or laryngeal symptoms 



  

connected to welding fumes, and four patients had ocular symptoms (irritant effects of welding 

fumes). 

 

Before the investigations at the FIOH, bronchial asthma was diagnosed in 28 (82%) patients and 

suspected in five patients during examinations at local pulmonary clinics; one patient had 

respiratory symptoms related to welding without asthma diagnosis. Regular asthma medication had 

been started by 24 (70%) patients, and a bronchodilating agent on demand had been given to 

additional seven (20%) patients. The PEF monitoring during work days and days off was performed 

locally in only nine (26%) patients. They were compatible with OA in five cases; in three a proper 

evaluation was not possible, and in only one case, serial PEF measurements did not fit OA.  

 

Before the examinations at the FIOH, 10 (29%) patients had positive SPT reactions to common 

environmental allergens, and in the examinations at the FIOH, nine (26%) patients; in total, 11 

(32%) different patients showed positive SPT reactions to common environmental allergens. At the 

FIOH, SPT tests to metal salts were performed in 24 (70%) patients, and none showed positive 

allergic reactions. Thirteen (38%) patients had an elevated (> 114 kU/L) total IgE concentration 

(range 118-490).  

 

At the FIOH, spirometry was normal or showed only mild obstruction in most patients (Table 2). 

Likewise, most of the patients tested showed none or only mild bronchial hyperresponsiveness in 

the histamine provocation test. In all patients, the control welding challenge test was negative.  

 

All 34 patients underwent a stainless steel welding challenge test. In seven patients, the challenge 

tests were performed with inhaled corticosteroid medication due to the instability of their asthma. 

The range of FEV1 or PEF value reductions during the challenge tests were both 20-52%. In 32 of 



  

the 34 patients, the stainless steel welding challenge test was positive. In two patients, the welding 

challenge test was suggestive of OA (a delayed drop in PEF value of 17% in both), whereafter the 

challenge tests were continued with grinding dust of stainless steel with positive findings (a delayed 

drop in FEV1 value 29% in one and of 27% in the other). Both these patients had also experienced 

work-related asthma symptoms from grinding dust.  

 

The mode of the asthmatic FEV1/PEF reaction was delayed in 16 (47%), immediate in 9 (27%), and 

dual in 9 (27%) patients. Wheezing was heard in lung auscultation during challenge tests in 16 

patients. There were no statistical differences related to the occurrence of the mode of the asthmatic 

reaction (delayed versus immediate or dual reaction) between patients with serum IgE positivity, 

SPT reaction positivity to common environmental allergens, positive family history of asthma, or 

positive history of atopy (data not shown). Furthermore, the duration of exposure, or the duration of 

exposure before the respiratory symptoms did not differ significantly between these groups (data 

not shown). Bronchial hyperresponsiveness was measured both before and after the challenge test in 

four patients, all of whom showed an increased post-exposure reactivity. During the challenge tests, 

otorhinolaryngolocical status was observed in 10 patients but no diagnosis of occupational upper 

respiratory tract disease was made. 

 

After the diagnosis of OA, all patients started or continued regular asthma medication. Before the 

examinations at the FIOH, two patients had already retired and one patient's work tasks had 

changed, and no longer included welding (Table 3). At the FIOH, the assessment of work ability 

was based on the description of work tasks, lung function measurements, and PEF surveillances 

(both before and during the examinations). Assuming that exposure to stainless steel welding fumes 

was minimized, with the use of a motorized respiratory protective device and with optimal asthma 

medication, we assessed it to be possible that a third of patients could continue welding work. For 



  

the remaining patients, either vocational rehabilitation, relocation within the same organization, 

occupational injury pension, or sick leave were recommended.  

 

Thirty-three patients participated in the follow-up examination at the FIOH six months after the 

diagnosis. Spirometry was normal in 16 patients, but showed mild obstruction in 14 and moderate 

obstruction in three patients (Table 2). Histamine challenge tests was performed on 15 patients, 

showing no bronchial hyperresponsiveness in six, mild in four, moderate in three, and strong 

hyperresponsiveness in two patients. 

 

In the follow-up examination, earlier asthma medication was continued in all patients, with slight 

modification if required. The recommendations of vocational rehabilitations are shown in Table 2. 

Continuation in welding work was assessed to be possible for six welders only. No serum IgE 

positivity or significant differences related to age, duration of exposure, duration of respiratory 

symptoms, mode of the asthmatic reaction were found between those who could continue and those 

who could not (data not shown). 

 

 

DISCUSSION 
 
 
The present study describes clinically examined patients with OA diagnosed with positive stainless 

steel welding challenge tests. The diagnosis of OA was based on a history of exposure, respiratory 

symptoms, and clinical examinations including positive challenge tests. During the 10-year period 

of our study, there were 34 OA cases diagnosed at our Institute, which gives occurrence of OA 

3.4/year. It is estimated that there are 13,000 full-time welders in Finland, but, however, it is 

difficult to describe how many of these perform only or mainly welding on stainless steel. One 



  

crude estimate is 2,000-4,000, which is based on Register of workers at risk of being exposed to 

carcinogenic substances and processes, which Register is maintained at the FIOH. All employers 

must report the workers, who are exposed significantly to carcinogens, to this Register; the 

carcinogens concerning welding are hexavalent chromium and nickel. When using this estimate for 

the number of stainless steel welders in Finland, this gives the incidence of OA 0.0009-0.002 per 

year. 

 

The mean duration of exposure to welding fumes before the onset of the respiratory symptoms was 

long: 18 years. This time refers to the duration of the occupation rather than to the actual exposure 

time. Although all our patients were exposed to stainless steel welding fumes, we could not estimate 

the true amount of this exposure because the information was based on patient interviews without 

measurements at the working sites. Similar duration has been reported earlier in stainless steel 

welding case-studies [3, 5], but shorter intervals have also been described in stainless steel welding 

case-studies or welding on other materials [6, 7, 19]. The observed differences between different 

studies could be explained by the intensity of exposure to welding fumes, welding methods and 

materials, common ventilation of the welding area, and the use of a personal respiratory protective 

device. 

 

The diagnosis of OA was made mostly within four years of the onset of respiratory symptoms, 

although in individual cases the respiratory symptoms had clearly lasted longer. In the latter cases, 

the diagnosis may have been delayed due to a lack of awareness of this disease among health care 

professionals or because of reluctance on the part of the patients to admit work-related symptoms. 

In published case-reports, the interval between the onset of respiratory symptoms and the diagnosis 

of OA has ranged from an immediate occurrence up to eight years [3, 5, 6, 7, 19].  

 



  

Besides work-related respiratory symptoms, nasal or laryngeal symptoms were also common. These 

have also been described among welders in the literature [2, 20]. Although nearly two-thirds of our 

patients reported such symptoms, no diagnosis of occupational upper respiratory tract disease was 

made based on the otorhinolaryngolocical findings observed during the challenge tests. This is 

compatible with the literature, in which, to our knowledge, no cases of challenge test positive 

occupational rhinitis associated with welding fumes have been published, although such a case has 

been described dealing with occupational laryngitis [21]. 

 

In the present series, none of the patients showed positive allergic reactions to tested metals in skin 

prick tests. This test negativity is in accordance with previous studies in which these tests have been 

performed [4, 5, 7]. In contrast, a recent study showed that nearly 12% of welders had at least one 

positive skin prick test to a metallic salt solution (aluminium, cadmium, chromium, copper, iron, 

manganese, nickel, or zinc) [22]. In this study, however, skin sensitisation was not significantly 

associated with symptoms of welding related asthma. 

 

The fumes generated during mild steel welding contain mainly iron (80-95%) and also manganese 

(1-15%), whereas stainless steel welding produces a smaller amount of these but a high amount of 

chromium (15-30%) and nickel (5-10%) [1]. We used mild steel welding as a control challenge test, 

because mild steel welding fumes consist mostly of iron, which is considered to be inert [1]. 

Another reason was that the placebo challenge test procedure should be as similar as possible to the 

active one.  

 

The underlying mechanisms associated with OA related to stainless steel welding are unsettled. It 

has been proposed that the exposure to chromium and/or nickel through stainless steel welding has 

an etiological role [3]. An IgE-mediated mechanism has been suggested in some studies, although 



  

skin reactivity to metal salts has not been consistently demonstrated in subjects with OA caused by 

these agents [23]. As mentioned above, none of our patients showed positive allergic reactions to 

tested metals in skin prick tests in the present study. However, negative skin-prick test reaction does 

not per se exclude IgE-mediation. In general, the challenge test reaction is usually positive 

immediately if the pathophysiological mechanism is IgE-mediated [24]. In our series, the FEV1/PEF 

reaction was immediate (or dual) and delayed in about half of the cases. Therefore, although our 

study was not aimed at elucidating the pathophysiology of OA in welders, our results reveal that 

besides possible IgE-mediated mechanism, other immunological mechanisms may also exist.  

 

The outcome of OA has not been previously addressed in welders. According to our series, the 

short-time prognosis of OA was poor: the continuation of the welding work was assessed to be 

possible only in a minority of our patients. In the majority of the patients, measures of vocational 

rehabilitation had to be undertaken, or occupational injury pension was recommended. Of the 

studied variables, age, duration of exposure, duration of respiratory symptoms, mode of the 

asthmatic reaction, or serum IgE positivity did not influence the short-time prognosis. Our findings 

emphasize the importance of further studies to assess the factors contributing to the long-term 

prognosis of OA among welders. 

 

In conclusion, the duration of exposure time in developing OA was often long. After the diagnosis 

of OA, the continuation of welding work was impossible in most cases. The possibility of OA 

should be recognized not only by occupational physicians working among welders but also by 

pulmonologists examining patients with work-related respiratory symptoms.  
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Table 1. General characteristics and allergologic examinations of study patients. 

 

 

Subjects  34 

Age, yrs 44.7 (22-57) 

Gender all male 

Smoking status, current/ex/never 11/17/6 

History of atopy 8 

Family history of asthma 15 

Duration of exposure prior to onset of 

respiratory symptoms, yrs 

18.0 (0.5-34) 

Positive SPT to common 

environmental allergens # 

11/27 (41) 

Positive SPT to metal salts 0/24 (0) 

Elevated total IgE value (> 114 kU/L) 13/34 (38) 

 

Data presented as n, mean (range) or number of positive/tested (%). SPT: skin prick test. #Examined 

either at the FIOH or at local pulmonology clinics. 

 

 



  

Table 2. Lung function examinations of study patients at time of diagnosis of occupational asthma 

and at follow-up examination six months later. 

 

 Primary investigations Follow-up examination, 

six months later 

Flow-volume spirometry   

   Normal 16/34 (47) 16/33 (48) 

   Mild deterioration 15/34 (44) 14/33 (42) 

   Moderate deterioration 3/34 (9) 3/33 (9) 

   Strong deterioration 0/34 (0) 0/33 (0) 

Bronchial hyperresponsiveness   

   None 11/29 (38) 6/15 (40) 

   Mild 12/29 (41) 4/15 (27) 

   Moderate 5/29 (17) 3/15 (20) 

   Strong 1/29 (4) 2/15 (13) 

 

Data presented as number of positive/tested (%).  

 
 
 



  

Table 3. Vocational recommendations of study patients at time of diagnosis of occupational asthma 

and at follow-up examination six months later. 

 

 

 Vocational recommendation at 

the time of diagnosis of 

occupational asthma 

Vocational recommendation at 

the follow-up examination, six 

months later 

Subjects, n 31# 31#  

Continuation of welding work 12 (39) 6 (19) 

Discontinuation of welding 

work 

     19 (61)      25 (81) 

     Starting of measures of    

     vocational rehabilitation 

     9/19 (47)       14¶/25 (56) 

     Relocation within the same   

     organization 

     5/19 (27)      4/25 (16) 

     Recommended sick  

     leave 

     3/19 (16) 

 

     0/25 (0) 

     Recommendation for   

     occupational injury pension 

     2/19 (10) 

 

     7/25 (28) 

 

Data presented as number of positive/tested (%) unless otherwise stated. # Transferred to other work 

tasks (n=1) or retired (n=2) before examinations. ¶ Starting or continuing of measures of vocational 

rehabilitation.  

 
 
 


