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Abstract
This literature review, with 293 citations, was prepared under contract to the American Welding Society for its Safety
and Health Committee. The review deals with studies of the fumes, gases, radiation, and noise generated during various
welding processes. Section 1 summarizes recent studies of occupational exposures, Section 2 contains information
related to the human health effects, and Section 3 discusses the effects of welding on animals and cell cultures.
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Comparative Listing—Welding Processes

Explanatory Note: Terms used in the technical literature sometimes do not correspond to those recommended by
AWS in its publication ANSI/AWS A3.0, Standard Welding Terms and Definitions.

Accordingly, the following list may aid the reader in identifying the process in use.

EWH—X Preferred AWS Term
Gas or Flame Cutting (OC) Oxygen Cutting or (OFC) Oxyfuel Gas Cutting
Gas Welding (OFW) Oxyfuel Gas Welding or (OAW) Oxyacetylene Welding
MAG (GMAW) — (with specified shielding gas)
MIG, GMA (GMAW) Gas Metal Arc Welding
MMA, SMA (SMAW) Shielded Metal Arc Welding
TIG (GTAW) Gas Tungsten Arc Welding
Wire Electrode
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Glossary*

AAS Atomic absorption spectroscopy
AB Asbestos body
ACGIH American Conference of Governmental Industrial Hygienists
apo-D Apolipoprotein D
ALA Delta-aminolevulinic acid
BAL Bronchoalveolar lavage
BiAL Biological Action Limit
CAC-A Air carbon arc cutting or air-arc gouging
CI Confidence Interval
Cr(III) Trivalent chromium
Cr(VI) Hexavalent chromium
CV Closing volume
EDTA Ethylenediaminetetraacetate
EEG Electroencephalography
EMF Electromagnetic field
EMG Electromyograph
FCAW Flux cored arc welding
FGR Fume generation rate
FSH Follicle stimulating hormone
FuCO Fractional uptake of CO
GMAW Gas metal arc welding
HPLC High-pressure liquid chromatography
HRCT High-resolution computed tomography
Hz Hertz
IgA ImmunoglobulinA
IgM ImmunoglobulinM
IL-1 Interleukin-1
IL-4 Interleukin-4
IL-6 Interleukin-6
IL-8 Interleukin-8
IR Infrared
Leukocyte White blood cell
LH Luteinizing hormone
mRNA Messenger RNA (Messenger ribonucleic acid)
MRI Magnetic resonance imaging
mT milliTesla
NIOSH National Institute for Occupational Safety and Health
OEL Occupational Exposure Limit
OR Odds ratio
OSHA Occupational Safety and Health Administration
PEL Permissible Exposure Limit
PMN Polymorphonuclear leukocyte
PMR Proportional mortality ratio
RADS Reactive airways dysfunction syndrome
RR Relative risk

*Abbreviations for commonly used pulmonary function tests are found in Table 3.
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SIR Standardized incident ratio
SCE Sister chromatid exchange
SMAW Shielded metal arc welding
SMR Standardized mortality ratio
TLV Threshold Limit Value
TNF Tumor necrosis factor
TWA Time-weighted average
UDS Unscheduled DNA synthesis
UV Ultraviolet
VTG Volume of trapped gas
VWF Vibration-induced white fingers
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Effects on the Respiratory Tract
Pulmonary function tests are sensitive indicators of

changes in the lungs and may be useful for diagnostic
purposes in persons with pulmonary symptoms or for de-
tection of early, minor changes in the lung that may still
be reversible. Using these tests, deficits in air flow were
detected in three studies in welders (Refs. 87, 185, and
223). Rossignol (Ref. 223) detected a decline in the
FEV1 of welders over a 5-year period. In 1985, Mur
(Ref. 186) reported that the frequency of respiratory im-
pairment was higher in welders than in other workers in
the same factory. These differences between welders and
non-welding controls persisted over a 5-year follow-up
period (Ref. 185). Gennaro et al. (Ref. 87) observed a de-
cline in FEV1 and FVC among oxygas and arc welders
compared with predicted values. Lung function measure-
ments indicative of hyperreactivity in the small airways
and possibly bronchitis or asthma were detected in weld-
ers by Nielsen et al. (Ref. 190) and Hjortsberg et al. (Ref.
114). In contrast to these results, Nakadate et al. (Ref.
188) found a significantly greater FEV1 in welders com-
pared with unexposed workers.

Three studies showed that transient changes in lung
function may occur during the course of a single welding
shift. Akbar-Khanzadeh (Ref. 2) found significant de-
clines in FVC, lung transfer factor, and FEV1 during the
workshift among shipyard welders and non-welding con-
trols. Both the number of workers who experienced a de-
cline in lung function and the magnitude of the decline
were significantly greater in welders than in non-weld-
ers. Welders who did not use any ventilation system
showed a significant reduction in the lung transfer factor
for CO, while welders who used a combination of local
and general ventilation had no reduction in this factor.
Dahlqvist et al. (Ref. 57) also found significant reduc-
tions in FVC and peak expiratory flow rate (PEFR) after
a day of welding, but no changes in lung function oc-
curred among welders who used a respirator. Donoghue
et al. (Ref. 62) found a 5% decrease in PEFR at the end

of the first shift in a workweek among 50% of 20 welders
compared with 5% of 20 non-welders.

Coggon et al. (Ref. 46) analyzed occupational mortal-
ity data from Great Britain and found a significantly in-
creased mortality from pneumonia among welders. He
concluded that lobar pneumonia should be classified as
an occupational disease in welders. Kennedy (Ref. 143)
disputed this association, and noted that the excess oc-
currence of pneumonia may have been the result of a
combination of increased susceptibility and increased ex-
posure potential in the metal trades. She suggested that it
would be more prudent to study pneumonia as a potential
occupational disease in the metal trades in general.
Kennedy pointed out the need for proper use of the label
“occupational disease” because of its far-reaching conse-
quences to the patient and the public whereby an associa-
tion between occupation and disease may influence
changes in employment, compensation costs, and the
adoption and/or installation of controls to limit exposure.

Two case reports discussed in this volume of The
Effects of Welding on Health further demonstrate the im-
portance of investigating occupational history and con-
founding exposures before attributing disease conditions
to exposures particular to a specific occupation. In the
first, Glass et al. (Ref. 91) attributed a case of chronic in-
terstitial lung disease in a 32-year-old welder to his 8
years employment performing GMAW of galvanized
steel in a poorly ventilated work area. While Glass et al.
noted that the welder had been employed in a job where
he repaired and spray painted fiberglass boats between
the ages of 28 and 32, they passed over any contribution
that conditions in the latter work situation may have
made to the development of his restrictive lung disease.

The second example, described by Levin (Ref. 159),
is the case of a shipyard welder who died of mesothe-
lioma. This condition, which is almost always associated
with exposure to airborne asbestos, was, at first, largely
attributed to his welding experience in a shipyard during
World War II. Careful investigation by Levin revealed
that the deceased patient had also worked as a laundro-
mat operator for 15 years during which time he had

Executive Summary
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frequently repaired washing machine clutch linings
which were confirmed by the manufacturer to have con-
tained 10 to 12% chrysotile asbestos. This case report
clearly demonstrates the necessity for examining the pa-
tient’s complete occupational history before ascribing a
disease condition to any single occupational exposure.

Cancer
Lung Cancer. In 1993, Commission VIII of the Inter-
national Institute of Welding concluded that welders as a
group have a slightly greater risk of developing lung can-
cer than the general population (Ref. 290). The contribu-
tion of smoking and asbestos exposure to the excess
cancer risk detected in the many epidemiologic studies of
welders is unknown but probably does not totally account
for the elevated risk. Sjogren (Ref. 239) combined data
from five studies that had controlled for smoking and as-
bestos and found a significant relationship between lung
cancer and welding of stainless steel when these two im-
portant confounders were taken into account.

Three new epidemiologic studies of the incidence of
lung cancer among welders controlled for exposure to as-
bestos and smoking. Danielson et al. (Ref. 58) found an
elevated cancer incidence among welders in a Norwe-
gian shipyard. Moulin et al. (Ref. 183) found a signifi-
cant excess of lung cancer deaths in mild steel welders
but not in stainless steel welders. In a case-control study,
Jockel et al. (Ref. 134) also observed an increased risk
for lung cancer among welders, but the risk was not sig-
nificantly different from that of controls after correction
for smoking and asbestos exposure. A statistically signif-
icant excess of lung cancer deaths was observed among
welders in studies conducted by Firth et al. (Ref. 73) and
Keller and Howe (Ref. 142). These studies did not con-
trol for smoking or asbestos exposure.

Wu-Williams et al. (Ref. 283) conducted a case-
control study of occupationally related lung cancer
among women in northern China, where there is a con-
siderable population of women in the industrial work-
force. A significant excess risk for lung cancer was not
found among the welders.

Cancer in Organs Other Than the Lung. In a case-
control study of sino-nasal cancer in France, Luce et al.
(Ref. 162) found no association between exposure to
welding fumes and any form of sino-nasal cancer. Weld-
ing was also not found to be a risk factor in any of three
epidemiologic studies of bladder cancer (Refs. 48, 142,
and 284). Persson et al. (Ref. 206) found a marginally
significant increase in the risk for non-Hodgkin’s lym-
phoma, but not in the risk for Hodgkin’s disease, among

welders. Kauppinen et al. (Ref. 141) examined all cases
of primary liver cancer reported during a 4-year period in
Finland and found a significantly increased risk for this
disease among welders exposed to fume concentrations
of 2.5 mg/m3 for ten or more years. The investigators
recognized that this association had not been made be-
fore and indicated that further studies should be con-
ducted to test these observations. Finally, two case-
control studies (Refs. 45 and 214) failed to establish a
link between welding-associated EMFs and leukemia.

Effects on Fertility
Bonde and Ernst (Ref. 32) examined semen quality in

30 welders who performed GTAW of stainless steel, 30
welders who performed SMAW or GMAW of mild steel,
and 47 controls. There was no correlation between chro-
mium levels in blood or urine and deterioration of any of
the semen parameters tested or concentrations of follicle
stimulating hormone and luteinizing hormone in blood.
In another study by Bonde et al. (Ref. 34), an association
between the incidence of spontaneous abortion among
the wives of stainless steel, but not mild steel, welders
was observed. The data on spontaneous abortions were
reexamined and, in 1995, Bonde and associates (Ref.
113) published a report retracting their earlier findings
(Ref. 34). The new data showed that there was no in-
crease in the occurrence of spontaneous abortions among
wives of welders. Bonde et al. (Ref. 34) also found that
the incidence of malignant disease in children of welders
was very close to national rates of malignancies in chil-
dren. The overall occurrence of congenital malforma-
tions was actually lower than expected in children of
welders. This difference was significant for children
whose fathers were mild steel welders.

In a population-based case-control study, Schnitzer et
al. (1994) examined whether or not there are associations
between birth defects and several paternal occupations.
Welders were not found to have offspring with a signifi-
cantly increased incidence of birth defects.

The Alveolar Macrophage
Several investigations focused on the role of the alve-

olar macrophage in disease processes that could result
from inhalation of welding fumes and other particles. Al-
veolar macrophages represent the first line of defense
against foreign particles (such as pathogenic microorgan-
isms) in the lungs but their activity may also contribute
to disease processes. Once inhaled, foreign particles are
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ingested or phagocytosed by macrophages. Macrophages
activated by phagocytosis release cytokines and other
mediators, some of which attract immune and inflam-
matory cells into the area and also induce the growth of
fibroblasts which can eventually cause scar tissue (fibro-
sis) to form in the lungs. Activated macrophages also re-
lease hydrolytic enzymes and proteases (enzymes that
break down proteins) and other substances which may
cause tissue damage.

Antioxidants. Activated macrophages also produce the
strong oxidants, peroxide and superoxide. While the re-
lease of oxidants may play an important role in the de-
struction of foreign bodies such as bacteria, oxidants can
also cause the oxidation of cellular macromolecules
(e.g., proteins, lipids and DNA) and may, thereby, con-
tribute to pathological processes in the lungs. Some com-
ponents of welding emissions (e.g., ozone and oxides of
nitrogen), may also cause injury by acting as oxidants in
biological systems.

Lipid peroxidation has been the theme of work in
progress for several years in the laboratory of Geleskul et
al. (Refs. 82–84). In the past, these investigators have
shown that instilling welding fumes into the lungs of lab-
oratory rats can cause peroxidation of lipids in the lungs
and liver. Recent work from this laboratory (Refs. 79 and
80) demonstrated that treatment with antioxidant vita-
mins (vitamins A, C, and E) before or after administra-
tion of welding fumes can markedly inhibit the oxidation
of lipids.

Cellular and extracellular enzymes that act as antioxi-
dants such as superoxide dismutase, catalase, and glu-
tathione peroxidase, exist naturally in the body and
afford some protection against the damaging effects of
oxidants. Mongiat (Ref. 178) found that the concentra-
tion of ceruloplasmin, a serum protein with antioxidant
activity, was significantly elevated in smoking welders
compared with nonsmoking welders and smoking and
nonsmoking controls. He conjectured that increases in
serum ceruloplasmin levels may represent an adaptive
mechanism against the combined effects of oxidants in
welding fumes and cigarette smoke.

Metal Fume Fever. Blanc et al. postulated that cytok-
ines released from activated macrophages and other leu-
kocytes activated by inhaled metal oxide particles are
responsible for the systemic, flu-like symptoms charac-
teristic of metal fume fever. Their hypothesis was
strengthened by the demonstration that the cytokines
tumor necrosis factor (TNF), interleukin-6, and interleu-
kin-8 become elevated in bronchoalveolar lavage fluid
obtained from 23 welders after exposure to fumes gener-
ated by welding galvanized mild steel (Refs. 21 and 22).
The investigators concluded that a network of cytokines,
released from activated alveolar macrophages following

the phagocytosis of metal oxide particles, is involved in
the pathogenesis of metal fume fever. Further work is
necessary to firmly establish this well-founded idea.

Induction of Protein Synthesis. The synthesis of some
proteins can be triggered or induced by chemicals or sub-
stances that are not ordinarily present in the cell or its en-
vironment. Wiethege (Ref. 282) showed that welding
fumes can induce the synthesis of the cytokine TNF by
alveolar macrophages. Other investigators showed that
welding fumes or zinc oxide particles can induce the syn-
thesis of proteins that have a protective effect against hy-
drolytic enzymes or oxidants released from macrophages
or from the toxic effect of metals themselves. Ossege
(Ref. 193) showed that synthesis by alveolar macroph-
ages of alpha-2-macroglobulin, a protease inhibitor, is in-
duced by welding fumes. Cosma et al. (Ref. 49) showed
that inhalation of zinc oxide particles causes the induc-
tion of metallothionein and heme oxygenase in lung tis-
sue. Heme oxygenase is thought to be involved in the
natural defenses of the body by scavenging free radicals
(e.g., superoxide). Metallothioneins are proteins that
strongly bind metals such as zinc, copper, cadmium, and
mercury. The sequestration of metals by metallothionein
is thought to protect cells from the effects of toxic metals.

Summary. Inhaled metal oxide particles induce alveolar
macrophages to synthesize metallothionein, heme oxyge-
nase, the cytokine TNF and possibly other mediators. Cy-
tokines released from macrophages attract other cells
essential to the inflammatory process into the area and, as
suggested by the work of Blanc (Refs. 21–23), may also
cause the flu-like symptoms typical of metal fume fever.
The heightened levels of alpha-2-macroglobulin and
heme oxygenase induced by metal oxide particles would
afford some protection of the surrounding tissues from
the effects of proteases and oxidants also produced by
macrophages. Finally, the heightened levels of metal-
lothionein, also induced by metal oxide particles, may af-
ford protection against metal toxicity. If the levels of
metallothionein become further increased with succes-
sive exposures to metal oxide particles, then the effi-
ciency of the sequestration of metal particles could
possibly increase with successive exposures, providing
more and more protection against the effects of toxic
metals. While such a phenomenon has not been shown
for welding fume particles, Squibb et al. (Ref. 244)
showed that the metallothionein levels following expo-
sure to cadmium, are higher in animals that had been pre-
viously exposed to cadmium than they are in animals
with no prior exposure to cadmium. Assuming that sec-
ondary exposures to other metal oxides more typical of
welding fumes will also lead to higher metallothionein
levels than the first exposure, it can be postulated that the
tolerance to welding fumes that develops through the
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workweek is related to increasingly higher levels of met-
allothionein in the lungs. Assuming further that metal-
lothionein levels decrease to normal following a weekend
break in welding activities, the protective effects of met-
allothionein would no longer be present at the start of the

workweek, and an individual could once again be suscep-
tible to the systemic effects developing from exposure to
metal oxide fumes. This would explain why metal fume
fever most frequently occurs on Monday, after a weekend
break from exposure to welding fumes.




