
How Welding Fumes Affect 
the Welder 

A study helps reveal how certain welding fumes affect our lungs 

BY J. M. ANTONINI, G. G. KRISHNA MURTHY, R. A. ROGERS, R. ALBERT, T. W. EAGAR, G. D. ULRICH 
AND J. D. BRIAN 

It has been estimated that 
worldwide there are more 
than one million full-time 

w elders, with even more 
workers welding intermit­
tently. For 15 years there has 
been increasing interest in 
the effects of welding fumes 
on the hea lth of these work­
ers. Medical studies in epi­
demiology have reported a 
higher incidence of respira­
tory illness among welders. 
Reponed effects range from 
bronchitis, airway irritation, 
rnelal fUille fever and chem­
ical pneumonitis to lung 
function changes and lung 
cancer (Ref. 1 ). Most 
welders know to reduce 
welding fume exposure 
whenever possible. Never­
theless, there is relatively lit­
tle specific, quantitative 
data reveali ng how welding 
fumes affect the lungs. 

Based on results from 
ep idemiological research, 
many have speculated as to 
the cause of these resp ira­
tory prob lems and whether 
th ey pose a long- term 
hea lth threat to welders. Al ­
though it is well known that 
iron ox ide, the prim ary con­
st ituent in steel w elding 
fume, is nontox ic, stee ls 
conta in other alloyi ng ele­
ments th at, in thei r pu re 
forms (as used in other in­
dustries), have been fo und to have seri ous hea lth conse­
quences. Since the 1800s, it has been known that ingestion of 
huge quantities of nearly pure manganese oxide can cause neu­
rological disorders . It was proven several decades ago that sol ~ 
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uble hexavalent chromium is 
a carcinogen; nickel has been 
found , in certain circum­
stances, to also promote can­
cer. Since manganese is in all 
steels, and chromium and 
nickel are in some steels, es­
pecially the stainless steels, 
there has been increasing in­
terest in determining whether 
these elements, as present in 
welding fume, pose any 
health threat to welders. 

It is generally accepted that 
the primary method of inges­
tion of welding fumes occurs 
during breathing of very fine, 
respirable particles. A res­
pirable particle is considered 
to be one which is less than 
10 \Jm in size, as larger parti­
cles have too much inertia to 
follow the airflow pathway 
through the nostrils and res­
piratory tract. Larger particles 
become trapped by the mu­
cous on the walls of the res­
piratory tract. Particles finer 
than 10 \Jm will be carried 
with the airflow, turning the 
corners of the respiratory 
tract. Some researchers main­
tain that. though particles 
0.1-1.0 \Jm will be inhaled 
deep into the lungs, most will 
also be exhaled. Particles 
finer than 0.1 \Jm impact the 
walls of the finest recesses of 
the lungs (the alveoli) (Ref. 2) . 

The fu me produced during 
arc welding is composed of 1) metal evaporated primarily from 
the electrode due to the intense heat of the are, 2) hydrocarbons 
evaporated from the surface of the hot base metal and 3) mi­
crospatter. Generally, the only respi rabl e components come 
from evaporated metal or evaporated hydrocarbons, as mi­
crospatter is generally too large to enter deep into the lungs. 

Note that respirable fume, deposited in the lungs, is only part 
of the total fume - a distinction often not recognized . Total 
fume consists of respirable particl es (some of which are ultra­
fine and may subsequently be exhaled), larger particles, which 
would be trapped in the mucous membranes, and spatter. Since 
respirable fume forms by a different mechan ism than other 
fume, its chemical composition may vary from the average 
composition of the total fu me. 
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Fig. 1 - Albumin in the cell-free bronchoalveolar lavage fluid from the lungs of rats 1, 7, 
14 and 35 days after the intratracheal instillation of different welding fumes: stainless steel 
spray transfer (55-Spray), mild steel spray transfer (MS-Spray) and mild steel pulsed cur­
rent (MS-Pulse). 
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Fig. 2 - B-n-acetyl glucosaminidase activity of the cell-free bronchoalveolar lavage fluid 
from the lungs of rats 1, 7, 14 and 35 days after the intratracheal instillation of different 
welding fumes: stainless steel spray, mild steel spray transfer and mild steel pulsed current. 

mild steel electrodes, two of the most common 
welding electrodes, have different elemental com­
positions and thus produce welding fumes with dif­
ferent chemical constituents. 

It is important to distinguish between nontoxic 
and toxic fume. As noted above, iron oxide is con­
sidered a nontoxic fume. Nevertheless, a large 
amount of iron oxide entering the lungs causes a 
condition called siderosis, which may cause bron­
chitis, cough i ng or other respiratory irritation. On 
the other hand, elements in their pure form, such 
as manganese, chromium and nickel, may create 
toxic reactions under certain circumstances. Un­
fortunately, the specific circumstances by which 
these toxic reactions occur are not fully under­
stood. In their pure form, these elements can pro­
duce reactions in the body; the elements move out 
of the lungs into the bloodstream and elsewhere in 
the body. However, there is insufficient evidence to 
show that these toxic effects apply when these 
elements are combined as an alloy with iron in 
welding fume. 

There is some evidence that manganese com­
bined with iron cannot readily cross from the blood 
into the brain - necessary for a toxic reaction -
as pure manganese can. In this sense, the iron in 
steel welding fume, which always combines with 
manganese, may itself provide protection (Refs. 4, 
5). Nevertheless, always limit exposure to welding 
fume as much as possible, because even nontoxic 
iron oxide creates a burden on the lungs, which 
is undesirable. 

Studies have shown different degrees of lung 
damage induced by different fumes. In a study by 
Hicks, et al. (Ref. 6), using rats, inhalation of stain­
less steel welding fume caused greater and more 
prolonged lung damage than did mild steel weld­
ing fume. Still, the mild steel fume induced a sig­
nificant amount of lung inflammation in these stud­
ies. Evidence of pulmonary fibrosis, a buildup of 
nonfunctional tissue, was also observed in the an­
imals treated by either fume. In contrast, epidemi­
ological studies have reported no incidence of fi­
brosis among humans exposed to welding fumes. 
However, the rats in Hicks's study received much 
higher doses of welding fumes than any welder 
would normally encounter. 

Results of another study (Ref. 7) about the ef­
fects of both mild steel and stainless steel welding 
fumes on the lungs of rats are presented here. This 
work was performed to understand the pneumo­
toxicity and lung clearance of these fumes in a 
living animal. 

The Experiment 

Gas metal arc welding was performed using a 
power source capable of producing both conven­
tional spray transfer and pulsed mode currents. The 
voltage used was 26 V at a current level of 220 A. 
Stainless (AWS designation ER308-A59) and mild 

The nature of respirable fume depends on the composition 
of the consumable electrode, the cleanliness of the base metal 
plate and the welding process used. The majority of fume is 
composed of oxides from electrode metals. Stainless steel and 

steel (AWS designation ER70S-3) electrodes of 1.14 
mm diameter were used. The electrode feed speed was 127 
mm/s, while the welding was performed on a 12.7-mm-thick 
plate. The plate was rotated at a steady rate to provide a con-

56 I OCTOBER 1998 



stant linear velocity of 5.3 mm/s; 96% Ar, 3% CO2 and 1 % H2 

was used with the stainless steel, while 92% Ar and 8% CO2 
was used for the carbon steel. The gas flow rate was 0.275 Us. 

Welding was performed in a metal enclosure and the fumes 
were collected using 0.2-lJm Nuclepore filters for 2 min during 
welding and 2 min after welding. Approximately 200 mg of 
each sample was collected. The use of a pulsed current required 
additional welding passes since insufficient fume was formed 
during the 4 min of particle collection. It has been known for 
several years that pulsed-current welding generally produces less 
welding fume than constant-current welding (Ref. 8). 

The welding fumes were mixed with saline solution and 
controlled amounts were instilled in the lungs of laboratory rats 
- 1 mg of fume per 100 g of body weight. This one-time dose 
is roughly equivalent to the amount of fume that a welder would 
be expected to breathe over a 3D-day period, when working 8 
h a day under the most serious fume conditions permitted by 
current OSHA (Occupational Safety and Health Administra­
tion) standards. A lower dose of one-fifth this value was also 
studied, but with no measurable effects. A higher dose (2 mg of 
fume per 100 g of body weight) was also evaluated, but the an­
imals, so burdened with the particles in their lungs, simply 
could not breathe. Note that the dose rates used in this study 
are 30 times higher than a human would be expected to expe­
rience in a day of welding. 

Silicon dioxide and iron oxide particles were used as posi­
tive and negative controls . It is well known that silica has a toxic 
effect on lungs and iron oxide does not. 

After injected with the welding fume, the rats were put under 
anesthesia while their lungs were washed with a water solution 
for 30 s. The procedure was repeated 12 times, with samples of 
the washing fluid collected each time. Fluid samples were eval­
uated for the presence of cells, enzymes and albumin . Such 

Table 2 - Bronchoalveolar Lavage Cell Profiles 

Treatment Macrophage 

1 DAY 
Saline 5.1 ± 1.0 
Si lica 5.7 ± 0.5 
55-Spray 4.7 ± 0.3 
MS-Spray 4.5 ± 0.3 
MS-Pulse 4.6 ± 0.7 
Iron Oxide 3.8 ± 1.0 

7 DAYS 
Sa line 4.7 ± 0.6 
Silica 7.2 ± 0.41'1 
55-Spray 9.3 ± 0.31'1 
MS-Spray 5.7 ± 0.7 
MS-Pulse 5.6 ± 0.3 
Iron Oxide 5.5 ± 0.8 

14 DAYS 
Saline 4.8 ± 0.2 
Si lica 6.8 ± 1.1 1" 
55-Spray 9.8 ± 0.51'1 
MS-Spray 4.7 ± 0.5 
MS-Pulse 4.2 ± 0.8 
Iron Oxide 4.1 ± 0.3 

35 DAYS 
Saline 3.7 ± 0.2 
Si lica 8.7 ± 0.71 •• 
55-Spray 5.5 ± 1.21'1 
MS-Spray 3.0 ± 0.3 
MS-Pulse 3.4 ± 0.4 
Iron Oxide 3.3 ± 0.5 

Note: Values are means ± Se; n = 4, 
(a) Significantly greater than all other groups (p < 0.05). 
(b) Significantly greater than saline cont rol group (p < O.OS). 
(c) Significantly greater than MS-Spray, MS-Pulse, iron oxide and saline groups Ip < 0.05), 
(d) Significantly greater than MS-Pulse and saline groups (p < 0,05), 

Table 1 - Size and Composition of the Welding Fume Samples 

Sample 

55-Spray 

MS-Spray 
MS-Pulse 

Count Mean 
Diameter (f1.M) 

l.38:!:0.16 

1.22 :!: 0.11 
1.12:!: 0.12 

Metal Composition (% weight) 

52.3% Fe, 2.3% Si, 18.3% Mn 
22.2% Cr, 4.9% Ni 

89 .2% Fe, 2 .6% Si, 8.2% Mn 
88 .6% Fe, 3 .8% Si, 7.6% Mn 

Note: Diameter values are means ± SE; n = 200 particles/sample. No significant differences 
were observed in the size of the three welding fume samples: stainless steel spray (55-Spray), 
mild steel spray (MS-Spray) and mild steel pulse (MS-Pulse). 

tests were performed on separate groups of animals at 1-, 7-, 
14- and 35-day intervals. 

In addition, since the welding fume has an easily measur­
able magnetism (ferromagnetism), the amount of magnetism 
from the animal's chest was measured at regular intervals to de­
termine how rapidly the animal's body was removing the fume 
from its lungs. 

What Happened 

Table 1 provides the composition and mean particle size of 
the three types of fumes studied. Figure 1 shows the concen­
tration of albumin in the an imals' lungs over a period of time, 
while Fig. 2 shows similar results for an enzyme produced by 
the body. I All groups had significant elevations in albumin lev­
els when compared to the saline control, but only the silica and 
mild steel pulsed current (MS-Pulse) groups had significant in­
creases in enzyme activity. Animals from the stainless steel 

TOTAL NUMBER (10') 
Neutrophil Lymphocyte 

0.3 ± 0.1 0.1 ± 0.0 
13.4 ± 1.81" 0.6 ± 0.2'h' 

6.2 ± 0.41b, 0.3 ± 0.1 ,hi 

8.3 ± 1.1 ,b, 0.6 ± 0.3'h' 
8.6 ± O.7ib, 0.5 ± 0.2,b, 
6.6 ± O.7 ib, 0.3 ± 0.1 "" 

0.1 ± 0.0 0.0 ± 0.0 
10.3 ± 0 .61'1 0.7 ± 0.1"" 

4.0 ± 0.71<1 1.1 ± O.3 ,d, 
1.5 ± O.7 ib, 1.4 ± 0.7,d) 
1.6 ± 0.6"" 0.2 ± 0.1 
1.6 ± 0.61b' 1.3 ± O.3,d) 

0.2 ± 0.0 0.2 ± 0.0 
20.4 ± 1.41., 1.6 ± 0.2'01 

7.3 ± 1.31" 1.0 ± 0.1"1 
0.3 ± 0.1 0.1 ± 0.0 
0.3 ± 0.1 0.1 ± 0.0 
1.0 ± 0.6 0.2 ± 0.1 

0.2 ± 0.1 0.1 ± 0.0 
41.4 ± 5.2"1 2.8 ± 0.5"1 

1.8 ± 0.7"1 0.2 ± 0. 1 
0.3 ± 0. 1 0.1 ± 0.1 
0.2 ± 0. 1 0. 1 ± 0. 1 
0.2 ± 0.1 0.1 ± 0.0 
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compared to all other groups. More activity from 
another enzyme (LDH) was also observed for all 
animals one day after the fume was instilled into 
their lungs; LDH activity was compared with the 
saline control group - Fig. 3.' At this point, values 
for the silica and M5-Pulse groups were signifi­
cantly higher than the 55-Spray, M5-5pray and iron 
oxide groups. For the M5-5pray, M5-Pulse and iron 
oxide groups, the increases in activity were dimin­
ished by seven days and no different than saline 
control levels by fourteen days. Both the silica and 
55-Spray groups had substantial elevations in LDH 
activity at both 14 and 35 days when compared 
with all the other groups. However, LDH levels 
were still rising for the silica group, but falling for 
the 5S-Spray group at 35 days. 

O+---~~'-~---r--~--.---~-'--~---r--

Table 2 shows the rate at which the animals' 
lungs were cleared of the welding fumes. For the 
MS-5pray group, particles were cleared quickly. 
On the other hand, the SS-Spray group cleared sig­
nificantly slower, with 86% of fume particles still 
present in the lungs after 14 days. After 35 days, 
56% of the SS-Spray welding fume remained in the 
lungs. An exponential decay model for the fume 
particles gave half-lifes of 47 days for the 55-Spray 
and 18 days for the M5-5pray groups. Microscopic 
analysis of the lung tissue after 35 days showed that 
almost all mild steel particles had been cleared 
from the lungs. 

o 7 14 21 28 35 

TIME (Days) 

Fig. 3 - Lactate dehydrogenase (LDH) activity of the cell-free bronchoalveolar lavage fluid 
from the lungs of rats 7, 7, 74 and 35 days after the intratracheal instillation of different 
welding fumes: stainless steel spray transfer, mild steel spray transfer and mild steel pulsed 
current. Toxic, or Not Toxic? 

Table 3 - Pulmonary Clearance of Welding Fumes 

Lung Burden % Initial 
Sample (mglLung) Dose 

55-Spray 
o days 1.95 :!: 0.46 100 
1 day 1.74:!: 0.19 89.2 
7 days 2.06:!: 0.26 105.6'" 
14 days 1.68:!: 0.31 86.2'" 
35 days 1.09 :!: 0 .07 55 .9'" 

MS-Spray 
o days 2.84:!: 0.31 100 
1 day 2.60 :!: 0.l3 91.6 
7 days 2.34:!: 0.17 82.3 
14 days 1.83 :!: 0.37 64 .5 
35 days 0.73 :!: 0 .07 25 .6 

Note: Lung burden values are means :t SE, n = 4-5. The animals received a single dose of 1.0 
mg/100 g body weight of the stainless steel spray (55-Spray) and the mild steel spray (MS­
Spray) welding fumes. The initial dose (0 days) of welding fumes delivered to the lungs was 
measured 1 h after instillation. The percent of the initial dose in the lung of the SS·Spray group 
was significantly different from the values for the MS-Spray group. 
(a) p < 0.05. 

spray transfer (55-Spray) and silica groups had significant ele­
vations in albumin levels and enzyme activity at 7 and 14 days 
when compared with all the other groups. By 14 days, there 
were no differences in response among the mild steel spray 
transfer (M5-5pray), M5-Pulse, iron oxide and saline groups. By 
35 days, levels of albumin and the enzyme for the 55-Spray 
group were still significantly elevated, but still below the silica 
control group. Injury induced by silica in the control animals 
continued to rise at 35 days and was significantly increased 

7. Figures 7-3 reprinted with permission from Toxicology and Applied 
Pharmacology, published by Academic Press, Inc., San D iego, Ca lif. 
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According to this experiment, mild steel welding fume, 
using either pulsed or conventional spray transfer current, gives 
essentially the same lung response as iron oxide, a nontoxic ir­
ritant. The experiment is consistent with previous epidemio­
logical research (Ref. 9) showing that welders have no serious 
chronic health prob lems when inhaling mild steel welding 
fume. On the other hand, the responses of silica and stainless 
steel fume were virtually identical for 14 days. It was also found 
that stainless steel fumes take longer to clear the lungs (Table 
3). After 35 days, however, the stainless steel fume respon se 
declined, approaching the level of the iron oxide and mild 
steel fume. 

Therefore, according to this data, the conclusion can be 
made that stainless steel fume is a stronger lung irritant than 
mild steel fume, but the long-term toxic effect of the stainless 
steel fumes on the body is questionable. 

Conclusions 

According to this study, welding fumes generated from dif­
ferent electrodes produce different lung responses and are 
cleared from the lungs at different rates. It was necessary to use 
a very large dose to elicit any response. Doses typical of those 
experienced by welders on a daily basis showed no response 
under these tests. Using higher doses, the stainless steel spray 
transfer (SS-Spray) fume was more toxic and was retained in the 
lung longer than mild steel fumes. Unlike silica, it appears that 
the 55-Spray particles are eventually cleared from the lungs and 
thus, the potential for toxic effects in the lungs is low if fume 
exposure ceases or if doses are reduced. 

Mild steel fumes induced a similar response as iron oxide, 
considered only a nuisance and nontoxic. For mild steel fume, 
altering the power supply (spray transfer vs. pulsed) had a neg­
ligible effect on the size and elemental composition of the fume 



particles, as well as their ability to produce injury and 
inflammation . However, since pulsed welding is associated 
with reduced fume production (Ref. 10), pulsed welding 
should reduce the exposure of welders and help reduce any 
lung irritation. 

This experiment suggests that mild steel fume has no greater 
effect on the health of welders than does the ingestion of iron 
oxide. Nevertheless, take care to reduce exposure even to nui­
sance dust. These tests do suggest that stainless steel fumes pro­
duce a more significant response in the lung. However, further 
study is needed to determine whether this response has long­
term significance. It is also yet to be determined whether the 
lung's response would be measurable at more the conventional 
doses experienced by welders . • 

Acknowledgments 

This work was supported by the New England Welding Re­
search Consortium, American Welding Society, the Office of 
Naval Research and NIOSH Grant # U60/CCU 1 09979. The au­
thors wish to thank the following for their help and/or guidance 
during this study: Hobart Brothers Co., John Deere and Com­
pany, L-Tec Inc., Torit Division of Donaldson Co., the University 
of New Hampshire Office of Sponsored Research, Ramon 
Molina for the magnetometry, Lester Kobzik for the histologica l 
analysis, Libby Shaw of the Analytical Shared Experimental Fa­
cility at the Center for Materials Science and Engineering at the 
Massachusetts Institute of Technology, and Bruce Ekstein for his 
expert technical assistance. 

References 

1. Sferlazza, S. J., and Beckett, W. S. 1991 . The respiratory health 
of welders. Am. Rev. Respir. Dis. 143: 1134-1148. 

2 . Friedlander, S. K. 1977. Smoke, Dust and Haze: Fundamentals 
of Aerosol Behavior. John Wiley, New York, N.Y., pp. 3-4. 

3. Block-Bolten, A., and Eagar, T. W. 1982. Selective evaporation of 
metals from weld pools. Proc. of Trends in Welding Research in the 
United States. Ed. S. A. David, p . 53 , ASM. 

4. Aschner, M., and Aschner, J. L. 1990. Manganese transport 
across the blood-brain barrier: relationship to iron homeostasis. Brain 
Research Bulletin 24: 85-860. 

5 . Aschner, M., and Aschner, J. L. 1991 . Manganese neurotoxicity: 
cellular effects and blood-barrier transport. Neuroscience and Bio-be­
havioral Reviews 15: 333-340. 

6. Hicks, R., Lam, H. F., AI-Shamma, K. J., and Hewitt, P. J. 1984. 
Pneumoconiotic effects of welding fume particles from mild and stain­
less steel deposited in the lung of the rat. Arch. Toxico/. 55: 1 -10. 

7. Antonini, J. M., Krishna Murthy, G. G., Rogers, R. A. , Albert, R., 
Ulrich, G. D., and Brain, J. D. 1996. Pneumotoxicity and pulmonary 
clearance of different welding fumes after intratracheal instillation in 
the rat. Toxicology and Applied Pharmacology 140: 188- 199. 

8 . Irving, B. 1992. Inverter power sources check fume emissions in 
GMAW. Welding journal 71(2): 53-57. 

9. Steen land, K., Beaumont, J., and Elliott, L. 1991 . Lung cancer in 
mild steel welders. American journal of Epidemiology 133(3): 220-229 . 

10. Castner, H. R. 1995 . Gas metal arc welding fume generation 
using pulsed current. Welding journal 74(1): 59-s to 68-s. 

WELDING JOURNAL 159 


