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Welding produces a variety of substances toxic to the respiratory 
tract. A thorough occupational history, based on an understanding 
of the various work processes, is essential to the prompt identifi­
cation of potential welding-associated hazards. Several key ques­
tions can establish if the worker has been exposed to some of the 
more potent airborne emissions from welding. Although this 
trade is not associated with extraordinary morbidity and mortality 
in occupational health statistics, a wide variety of acute and 
chronic respiratory disorders are recognized. There is consider­
able overlap in the presentation of several of the acute disorders, 
frequently posing a diagnostic dilemma. The health hazards of 
welding are changing with the evolution of increasingly sophis­
ticated technologies. Although exposure to welding fumes in 
general is associated with a 30% to 40% increased mortality from 
lung cancer, it remains controversial whether or not stainless steel 
welders are at heightened risk. 
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Welding is a process of join­
ing metals by melting and 
fusing. The trade of weld­

ing, as the term is loosely used, is ac­
tually a variety of tasks, involving the 
cutting of metal objects, grinding, braz­
ing, and in some applications, solder­
ing. It has been estimated that welders 
account for between 0.5% and 2.0% of 
the general workforce (1). Few occupa­
tions are as fundamental to industrial 
development as welding. Among the 
industrial trades, skill at welding is a 
highly prized ability, and skilled weld­
ers are seldom out of work. 
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This article will consider both the 
chronic and acute respiratory effects 
associated with welding. Emphasis is 
placed on the accurate diagnosis of 
welding-related lung disease. It is im­
portant to note, however, that welding 
is also associated with effects on other 
body systems (largely ocular and mus­
culoskeletal injuries) and that numer­
ous exposures to toxic compounds are 
possible, some with well-known ex­
trapulmonary toxic effects (2). 

As with any occupational disease, a 
thorough knowledge of work pro­
cesses and potential toxic exposures is 

a prerequisite for the prompt identifi­
cation of welding-related health prob­
lems. The following section will ex­
plain aspects of welding that may 
assist the clinician. 

ARC WELDING 
Although there are many different 

welding technologies (at least 220 vari­
ations by some counts), a relatively 
small number of welding techniques 
are common in industry. Moreover, 
there are basic principles of welding 
common to all technologies. This sec­
tion will explain the essential elements 
of welding to assist the clinician in ob­
taining an occupational history and to 
provide the basis for the prompt iden­
tification of potential respiratory haz­
ards. Important terms that are com­
monly encountered in welding or the 
medical literature on welding will be 
italicized as they are introduced. 

To melt the constituents of a weld, 
an energy source is required. For most 
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types of welding, heat is derived from 
an electrical arc formed from a current 
that bridges a gap from an electrode to 
the base metal to be welded. Hence the 
term arc welding, the essential features 
of which are displayed in Figure l. In 
addition to generating heat, the arc 
produces a substantial amount of ultra­
violet radiation. 

The arc is used to melt not only the 
base metal but also an additional 
metal, referred to as a filler metal. The 
filler metal can either be added as a 
separate wire or rod or can be derived 
from the electrode itself. In the former 
instance, the electrode is said to be 11011-

consumable because it provides an en­
ergy source only and is not consumed 
in the formation of the weld. Noncon­
sumable electrodes are commonly 
made of tungsten or carbon. In con­
trast, a consumable electrode not only 
conducts the current needed to form 
the arc but also provides the filler 
metal needed to form the weld. 

The site where molten filler and base 
metal combine is referred to as the weld 
pool. Contaminants in the weld pool 
can decrease the strength of the weld. 
The most important of these are gases 
commonly present in the surrounding 
air: hydrogen, oxygen, and nitrogen 
(3). Because these gases are much less 
soluble in solid than in liquid metal, 
they can result in an unacceptably po­
rous, brittle weld with cooling. Oxida­
tion of the metal in the nascent weld is 
an additional source of weakness. It is 
therefore necessary to protect the weld 
pool by using a slzieldi11g atmosphere, 
blanketing it by applying an inert gas 
such as argon. An alternative strategy 
is to use flux, applied either from a core 
within the electrode or as a separate 
paste. Flux contains various agents, 
which, in addition to producing shield­
ing gases, can serve to stabilize the arc, 
clean the welding surface, enhance the 
mechanical integrity of the weld, and 
decrease oxidation. 

FIGURE 1. Sc/rematic illustration of tire 
co111po11ents of arc welding. 

Slag refers to nonmetallic material 
originating from either a coating over a 
consumable electrode or as a constitu­
ent of flux that protects and insulates 
the cooling weld. Once the weld has 
formed, it is usually necessary to re­
move the slag by cleaning the welded 
material. The completed weld, there­
fore, is a complex mixture consisting of 
a coalescence of base and filler metals 
that may also include constituents of 
flux and a slag coating. 

The various types of arc welding are 
distinguished by the type of shielding 
used. The four most prevalent welding 
techniques are shielded metal arc 
welding (SMAW), gas metal arc weld­
ing (GMA W), flux cored arc welding 
(FCA W), and gas tungsten arc welding 
(GT AW). The choice of a particular 
technology depends on many factors, 
including the thickness and type of 
base metal to be welded, the size and 
strength of the weld desired, the speed 
or volume of welding, the position of 
the material to be welded (i.e., vertical 
or horizontal), and cost. A combination 
of these four processes satisfies the re­
quirements of most industries. 

Shielded Metal Arc Welding 
(SMAW) 

SMAW, commonly known to weld­
ers as "stick welding," is a versatile 
process using short consumable elec­
trodes consisting of a core of filler 
metal covered by materials to produce 
slag and shielding gases. SMAW is the 
traditional and, in North America at 
least, still the most common welding 
process. In Europe, this form of weld­
ing is referred to as manual metal arc 
welding (4). SMAW is inexpensive and 
readily performed by relatively un­
skilled workers. 

Gas Metal Arc Welding 
(GMAW) 

GMA W is an increasingly common, 
semiautomatic welding process in 
which a solid consumable metal elec­
trode is fed into the arc. A gaseous 
shield of either argon and/ or carbon 
dioxide is provided from a separate 
source. The result is a slag-free, high­
speed welding process requiring little 
operator training that is well suited to 
production line work. Because slag 
does not need to be removed from the 
weld, this type of welding is easier to 
automate and reduces labor costs. 
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In Europe, the terms MIG (metal in­
ert gas) and MAG (metal active gas) 
welding reflect whether inert gas (ar­
gon) or active gas (argon-carbon diox­
ide) is used in shielding. In North 
America, the commonly used term 
"MIG welding" includes both "MIG" 
and "MAG" processes. 

Fluxed Core Arc Welding 
(FCAW} 

FCAW closely resembles GMAW in 
that a continuous consumable metal 
electrode is fed into the arc. However, 
in FCA W, the electrode is actually a 
cylinder of filler metal with a central 
core of flux. The flux may be the only 
source of shielding gas (self-shielded 
FCA W), or a dual system can be used, 
using supplemental gas, usually car­
bon dioxide, from an auxiliary source 
(gas-shielded FCAW) (3). 

Gas Tungsten Arc Welding 
(GTAW) 

GTAW, better known as TIG welding 
(tungsten inert gas) is a process in 
which a nonconsumable tungsten elec­
trode provides the arc, and a separate 
hand-fed rod provides the filler mate­
rial. A shielding gas such as helium or 
argon is used. GT AW requires a highly 
skilled operator and has a low rate of 
production, but it is well suited to thin 
plates, fine work, and difficult materi­
als such as aluminum and magnesium. 
This technology is used for relatively 
small welds. 

Related Technologies 
Two techniques related to welding 

are solderi11g and brazing. These are 
both joining methods that differ from 
welding in that only the filler metal, 
but not the base metal, is melted. Sol­
dering refers to the use of a filler metal 
with a melting point below 450°C, 
whereas in brazing, the filler metal 
melts above 450°C. 

In addition to being used to join ma­
terials, welding procedures can be 
modified to cut metal. However, most 
of the arc welding techniques do not 
concentrate sufficient heat to cut reli­
ably. The cutting system most widely 
used is called oxyfuel gas cutting. This 
technique involves two steps. Oxygen 
together with a fuel source (usually 
acetylene, referred to as an acetylene 
torch) is first u sed to heat the metal. A 
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high-velocity stream of oxygen then 
oxidizes and blows away lhe molten 
metal, producing the cut. 

POTENTIAL RESPIRATORY 
HAZARDS 

The respiratory hazards generated 
during welding arc all produced either 
by the action of heat or by ultraviolet 
radiation from the arc. The combina­
tion of gases and fumes produced is 
referred to as the welding plume. Con­
sidering each of the components of 
welding separately, potential sub­
strates for respiratory toxins include 
the following: 
1. The base metal 
2. The filler metal 
3. Coatings on the base metal 
4. Coatings on the filJer metal or con­

sumable electrode (which includes 
slag) 

5. Flux 
6. The surrounding atmosphere 
7. Electromagnetic fields 
8. Contaminants 
The fiJler metal provides the major 
source of the fume, with the base metal 
only making a significant contribution 
if it is coated. Because the constituents 
of flux and electrode coatings are sim­
ilar, six sources require separate con­
sideration. After a survey of the haz­
ards from each component is provided, 
the various respiratory disorders asso­
ciated with welding wiJI be discussed. 

Base and Filler Metal Fumes 
Welding activity frequently involves 

steel that comes in various alloys. Steel 
is simply an alloy of iron with a small 
(usually less than 0.40%) amount of 
carbon. Stainless steel (SS) is designed to 
resist corrosion (particularly oxidation) 
by the addition of at least 18% chro­
mium. Nickel is also a constituent of 
SS, generally found in levels of 8% to 
11 %. Other types of steel (containing 
little or no chromium) are referred to as 
mild steel (MS), low alloy steel, or plain 
carbon steel. Welding of SS has been 
shown to produce airborne chromium 
of which a significant portion is present 
in the hexavalent state (5). 

Cadmium may be encountered as a 
filler metal ("silver solder") used in 
brazing. Other metals encountered as 
base or filler that may produce adverse 
respiratory effects include copper, 
magnesium, and, rarely, cobalt (6). Un­
der the conditions of welding, metal 
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fumes are invariably present as oxides, 
as for example, magnesium oxide. 

Base Metal Coatings 
A coating of zinc is frequently ap­

plied to steel (known as galva11ization), 
leading to the production of zinc oxide 
when welded. Paints are an important 
source of several noxious agents that 
are readily volatilized with welding or, 
more commonly, cutting. Lead is per­
haps the best known such additive; 
however, mercury is also used as an 
antibacterial and antirnildew agent. 
Rust-proofed metals may contain a 
coating of phosphate, a potential 
source of phosphine gas. Sheet metal 
may be plated with cadmium. 

Flux and Electrode Coatings 
Fluorides and silicates are some­

times constituents of flux or electrode 
coatings. Asbestos was also once 
widely added as a powder; however, 
this practice ceased in the 1950s (5). 
One particularly important constituent 
of flux, used as a core in soldering, is 
colophony, a pine pitch that is the caus­
ative agent of electronic worker's 
asthma. 

Gases Produced from the 
Atmosphere 

Several important compounds are 
produced by the action of the welding 
arc on surrounding atmospheric gases. 
Ultraviolet radiation produced by the 
arc converts oxygen into ozone. 
Greater amounts of ozone are pro­
duced when welding on aluminum as 
a base metal or when using shielding 
gases, especially argon. Thus, the com­
bination of GTAW on aluminum is of 
particular concern with respect lo 
ozone. Similarly, oxides of nitrogen can 
be produced from ambient nitrogen. 
Oxyacetylene cutting is known to pro­
duce some of the highest levels of these 
compounds. 

Many olher combustion products 
such as carbon monoxide and carbon 
dioxide are present but only rarely in 
clinically significant amounts. How­
ever, under improper working condi­
tions, particularly during welding in a 
confined space, asphyxiation becomes 
a very real hazard when atmospheres 
containing carbon monoxide are com­
bined with large amounts of shielding 
gases. 

Electromagnetic Fields 
Interest in the human health effects 

of exposure to electromagnetic fields 
(EMFs) has been a topic of controversy 
for some years. Recenlly, the exposure 
of welders to EMFs has come under 
scrutiny (7,8). Kirschvink and col­
leagues (7) found that magnetite could 
naturally be located in human cells; 
therefore, changes in the intensity of 
the EMFs could be expected to induce 
abrupt currents in the exposed cells. 
These findings could indicate that such 
currents may be induced by alternating 
magnetic fields during welding. Stud­
ies are under way to evaluate exposure 
to EMFs during the application of dif­
ferent welding methods (8). At present, 
no conclusions can be drawn regarding 
the importance of this exposure in 
welders. 

Contaminants 
In addition to the integral compo­

nents of welding, many substances 
may be present inadvertently in the 
welding area. Such contaminants com­
monly include various greases and sol­
vents. One of the best known examples 
is phosgene gas (COC12 ) produced by 
the action of ultraviolet radiation from 
the arc on chlorinated hydrocarbons 
commonly used as degreasers (such as 
perchloroethylene and trichloroethyl­
ene ). GTAW on aluminum can gener­
ate very high levels of phosgene. 

TABLE 1. Typical fume ge11eratio11 rates of commo11 welding technologies (11). 

Technology Fume Generation Rate (mg/min) 

Shielded metal arc welding (SMAW) 300-800 
Gas metal arc welding (GMA W) 200-500 
Flux cored arc welding (FCAW) 900-1300 
Gas tungsten arc welding (GTAW) 3-7 
Oxyfuel gas cutting (of steel) 200-700 
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General Approach to Assessing 
Exposures in Welding 

The main component of welding 
fumes is iron oxide (9). For arc weld­
ing, the majority of the particles are 
less than 1 µm and are thus readily 
respirable (10). Comparing the various 
types of welding technologies (Table 1) 
provides a crude indication of the rel­
ative "cleanliness" of each practice. 
However, it cannot be overstated that 
welding fumes represent a complex 
mixture of gases and that additional 
attributes influencing exposure such as 
size distribution and aerodynamic 
properties of fume particles have been 
shown to vary considerably with vari­
ous welding methods (12). 

Several other factors influence the 
amount of fumes to which a worker is 
exposed. These include variables such 
as the degree of confinement, the rate 
of progression of welding, and the ad­
equacy of ventilation. Other less obvi­
ous factors include the work configu­
ration. For example, the total fume 
concentration generated by SMAW has 
been shown to vary from about 1 to 28 
mg/m3 under nominally identical con­
ditions, apparently as a result of differ­
ences in posture and welding position 
(11). Karlsen and coworkers (13,14; 
Karlsen JT, Torgrimsen T, Langard S. 
Exposure to solid aerosols during TIG 
and MIG/MAG on stainless steel, un­
published, 1996) have presented data 

on fume concentrations and concentra­
tions of different elements during the 
use of different welding methods. 

The helmets used by welders to pro­
tect themselves from the heat and ul­
traviolet radiation of the arc have been 
shown to provide a variable amount of 
respiratory protection. One study 
found that levels of iron oxide mea­
sured inside the helmet were 36% to 
71 % of the levels outside (16). A more 
recent comparison of fume concentra­
tions inside welding helmets to those 
of the personal breathing zone re­
vealed a mean ratio of only 0.9 (17). 
Studies have shown that filter masks 
provide a more appropriate exposure 
protection than air-stream helmets (18). 

The previous two sections may be 
summarized by considering some rele­
vant questions that the clinician who is 
faced with respiratory symptoms in a 
welder may wish to ask (Table 2). In 
addition to the history, several other 
methods exist to ascertain potential ex­
posures. Material safety data sheets 
that document the constituents of the 
filler metal or consumable electrode 
should be available to the worker. The 
American Welding Society uses a clas­
sification number that is stamped on 
some filler metals and electrodes, 
which allows for identification through 
a published listing. When this number 
is unknown or unavailable, it is also 

possible to cross-reference through 
trade names (19,20). 

ADVERSE RESPIRATORY 
EFFECTS 

That welders may be subject to some 
untoward health effects peculiar to 
their occupation is beyond doubt, but 
the scope and severity of these effects 
have often been a source of uncertainty 
and, at times, of controversy (21). Al­
though it is generally true that welders 
as a group do not seem to have an 
extraordinarily high burden of morbid­
ity compared with other industrial 
workers or to the general population, 
there is evidence that hazards are 
changing with the introduction of new 
technologies, hence also disease risks. 

Acute Respiratory Effects of 
Welding 

The literature on the acute respira­
tory effects of metal fumes is not en­
tirely clear. Two clinical entities are 
widely recognized: metal fume fever 
and toxic pneumonitis. However, an 
accumulation of case reports indicates 
that a spectrum of intermediate presen­
tations exists. There is no consensus on 
terminology for either of these condi­
tions, and the term "metal fume fever" 
is often used to describe what is clearly 
a toxic pneurnonitis (22). 

TABLE 2. Key questions i11 the occupational history for welders. 

What type of welding were you performing? 
Gas tungsten arc welding 
Soldering 
Oxyacetylene cutting 

What base/ filler metal were you welding? 
Aluminum 
Stainless steel 
Sheet metal 

Was there any coating on the base metal? 
Paint 
Rust proofing 
Galvanized 

Were you working with sheet metal or silver solder? 
Were you working with flux/ coated electrodes? 
Was the base metal clean or dirty? 

Degreasers 
What type of ventilation and personal protection were you using? 

Confined space 
In what position were you welding? 

Clinical Pulmonary Medicine• Volume 4, Number 4 • July 1997 

Possible Toxins/Comments 

Ozone 
Numerous respiratory sensitizers 
Oxides of nitrogen 

Ozone 
Chromium, nickel 
Cadmium 

Mercury 
Phosphine 
Zinc 
Cadmium 
Silicates, fluoride 

Phosgene 

Asphyxiation 
Higher exposure in downhand position 
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Metal Fume frt>er. Metal fume fever 
is a self-limited but very uncomfortable 
condition closely resembling influenza 
most frequently associated with expo­
sure to fumes of zinc oxide. The condi­
tion is very common among welders 
and goes by many names, including 
"Monday morning syndrome," 
"foundry fever," "the smothers," 
"spelter shakes," "welder's ague," and 
"brass chills." It typically begins 4 to 6 
hours after exposure with fever, chills, 
headache, nausea, shortness of breath, 
myalgias, and a sweet metallic taste in 
the mouth. The illness runs its course 
over 1 or 2 days without specific treat­
ment (23,24). One peculiar feature of 
metal fume fever is the phenomenon of 
tolerance or tachyphylaxis in which 
workers are asymptomatic with re­
peated exposure. This tolerance is lost 
after holidays or weekends, hence the 
term "Monday morning syndrome." 

One thousand ninety-two cases of 
metal fume fever were reported in 1994 
to poison control centers in the United 
States (25). Blanc and Boushey (26), ex­
trapolating from the "Doctor's First Re­
port" system in California, derive a fig­
ure of 1500 to 2500 cases annually in 
the United States. However, because of 
their familiarity with this disease and 
its benign course, many welders do not 
seek medical attention for this condi­
tion, leading to substantial underre­
porting. 

Metal fume fever is a poorly under­
stood entity. It is clinically indistin­
guishable from several other disorders 
that result from the inhalation of a di­
verse array of agents including organic 
dust toxic syndrome caused by various 
bioaerosols and polymer fume fever 
caused by the pyrolysis products of 
tetrafluoroethylene resins (Teflon; du 
Pont, Wilmington, DE). All of these 
conditions also share the phenomenon 
of tolerance (27). Recently, the term 
"inhalation fever" has been advocated 
to encompass these conditions (27). 

Several pathophysiologic models 
have been proposed for metal fume 
fever, the most plausible of which is 
based on cytokines (28). In this model, 
the inhaled zinc oxide causes pulmo­
nary macrophages to synthesize and 
release cytokines. The key cytokine in 
this process may be tumor necrosis fac­
tor-alpha (TNF-a) (28). The released 
cytokine(s) would then initiate a cas­
cade of mediators leading to the host of 
systemic flu-like symptoms. TNF, in-
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terleuk.in-6, and intcrleukin-8 have all 
been found in elevated levels in the 
supernatant of lavage fluid obtained 
from subjects exposed to elevated lev­
els of zinc oxide (28). As Blanc and 
Boushey (26) point out, the lung plays 
a key role in initiating metal fume fever 
and does not merely serve as the route 
of exposure because the symptoms of 
metal fume fever are not elicited by the 
ingestion or intravenous administra­
tion of toxic levels of zinc. 

Although there is no dispute that 
exposure lo zinc oxide fumes (almost 
always in the context of welding or 
cutting galvanized metal) causes metal 
fume fever, many authors also refer to 
a long list of other metals as putative 
causes, variously implicating copper, 
magnesium, manganese, selenium, sil­
ver, aluminum, nickel, cadmium, mer­
cury, chromium, iron, tin, and anti­
mony (23,24,29). A careful review of 
the literature supports only zinc, and 
much less readily, copper and magne­
sium as proven causes of metal fume 
fever (28,30). Mixed exposures in weld­
en; render any conclusions about a 
causative role for single agents on the 
basis of a case report tentative. There is 
no doubt that zinc oxide causes the 
vast majority of cases of metal fume 
fever among welders. Other possible 
causes should not be entertained un­
less zinc has been convincingly ex­
cluded. Copper and magnesium can 
probably cause metal fume fever but 
do so more rarely. This impression is 
supported by the paucity of case re­
ports implicating these metals despite 
widespread use in industry. 

Another common misconception 
concerning metal fume fever high­
lighted by Blanc and Boushey (26) is 
that it can only be caused by freshly 
formed fumes of zinc oxide. Metal 
fume fever has been reproduced in in­
dividuals exposed to commercially 
available finely ground zinc dust, and 
two cases have been reported in work­
ers using a rotary wire buffer on gal­
vanized metal tanks (30,31). Zinc oxide 
must be present as ultrafine (less than l 
µm) particles to be effectively deliv­
ered to the alveoli. Sufficiently small 
particles are far more readily generated 
by the high temperatures of welding 
than by most physical means. Thus the 
overwhelming preponderance of cases 
of metal fume fever in response to ex­
posure lo zinc oxide fumes simply re-

fleets the physical constraints govern­
ing the route of exposure. 

Attempts to measure serum and 
whole blood zinc in cases of metal 
fume fever have been made with in­
consistent, often uninterpretable, re­
sults (32). Moreover, , cry little is 
known about the toxicokinetics of zinc 
after inhalational exposure. 

Pneu1110111tis. ln contrast, certain 
metal fumes, the prototype being cad­
mium, can cause diffuse and profound 
alveolar damage, resulting in an acute 
toxic pneumonitis (33,34). The clinical 
picture consists of an insidious course 
of noncardiogenic pulmonary edema 
and acute respiratory distress syn­
drome (ARDS). This condition may be 
life-threatening, and supportive treat­
ment is often required. However, the 
onset of ARDS can be delayed by up to 
48 hours from the time of exposure. 
During this prodromal period, the 
signs and symptoms of toxic metal 
pneumonitts are very similar to those 
of metal fume fever. For this reason, 
some clinicians advocate the inclusion 
of cadmium pneumonitis in the differ­
ential diagnosis of any welder present­
ing with the clinical picture of metal 
fume fever (34). 

Table 3 summarizes the causes of 
pneumonitis in welding. All of the 
agents listed are known to cause toxic 
pneumonitis at high-level exposures. 
However, only cadmium, phosgene, 
ozone, and nitrogen dioxide have been 
implicated through case reports in 
welders. Beryllium, in addition to a 
direct toxic effect on the lung, can also 
cause a granulomatous pneumonitis 
with relatively lower-level chronic ex­
posure. Only the latter disease has 
been observed in a welder (38). Phos­
phine gas may be produced from the 
heating of rust-proofed metal coatings; 
manganese is a common component of 
various alloys; and mercury is used as 
an antifouling agent in paint. Although 
the potential for exposure to these toxic 
compounds exists, there ha\'e been no 
case reports describing pneumonitis in 
welders caused by any of these three 
agents. In general, case reports of 
pneumonitis from welding occur spo­
radically in the literature and should be 
viewed as very rare occurrences in this 
setting. The agent most commonly im­
plicated is cadmium, which should 
represent the greatest concern. 

Differentiating metal fume fever from 
toxic p11e11111011itis. Many authors em-
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phasize the radiographic differences 
between metal fume fever and toxic 
pneumonitis, stating that the chest ra­
diograph is typically normal in metal 
fume fever (26,34). Nonetheless, an ac­
cumulation of case reports indicates 
that such radiographic changes do oc­
cur in a significant minority of cases 
(32,42-46). Although the timing of 
chest radiographs is not always stated 
in these reports, the general pattern is 
one of transient, diffuse, nodular infil­
trates occurring sometime between 4 to 
18 hours after exposure. 

Functional changes have also been 
observed in metal fume fever. Hypox­
emia (43,46), obstructive changes 
(44,47), and restrictive changes (46,48) 
have all been noted. Reductions in the 
diffusing capacity of carbon monoxide 
may be the most sensitive functional 
change in metal fume fever (49). The 
timing of these changes is similar to 
that of the radiographic abnormalities, 
occurring between 2 to 24 hours after 
exposure. 

Bronchoalveolar lavage (BAL) has 
been performed in subjects with metal 
fume fever with consistent findings of 
a marked polymorphonuclear leukocy­
tosis at 20 (49) and 24 hours (46) after 
exposure. These results are very simi­
lar to those observed in cases of toxic 
pneumonitis. 

The case reports and investigations 
are summarized in Table 4, which com­
pares and contrasts metal fume fever 
and toxic pneumonitis (adapted from 
PD Blanc, personal communication, 
1996). The available observations sug­
gest that a continuum of clinical pre­
sentations exists between metal fume 
fever and toxic metal pneumonitis, 
with considerable overlap between the 
two. Key factors determining the ex­
tent of pulmonary involvement include 
the inherent toxicity of the metal in­
volved and the level of exposure. Low­
level inhalational exposure to more 
toxic metals such as mercury and cad­
mium can cause a self-limited, flu-like 
illness indistinguishable from metal 
fume fever (50). High-level exposure to 
a less toxic metal such as zinc in one 
case has led to hypoxemia, requiring 
supplemental oxygen and a marked 
micronodular infiltrate that resolved 
only after 3 days (43). 

The clinician faced with acute respi­
ratory symptoms in a welder should 
ascertain what the most likely expo­
sures are based on a knowledge of the 
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work practice. If, for example, the 
welder was working with galvanized 
steel, metal fume fever is a more likely 
diagnosis. Conversely, if the history re­
veals that the worker was brazing with 
silver solder or cutting sheet metal, 
close observation is required for at 
least 72 hours after exposure. Depend­
ing on the circumstances and clinical 
findings, hospital admission may be 
warranted. 

There is clearly a need for further 
prospective investigations of metal 
fume fever to clarify the nature and 
timing of radiographic and functional 
changes and to identify cofactors that 
may explain atypical presentations. 
There are limited data on direct mea­
surements of cadmium in urine and 
blood in cases of cadmium pneumoni­
tis. For urinary cadmium, levels are 
well above the normal range and peak 
several days after exposure (51). How­
ever, most of these studies have been 
performed on samples several days af­
ter exposure, when metal fume fever 
should no longer be a diagnostic con­
sideration. 

Welding Fumes and the Respiratory 
Tract. There have been numerous 
studies examining respiratory symp­
toms and pulmonary function among 
groups of welders, often with contra­
dictory results (1,21). Many have been 
difficult to interpret because of differ­
ences in design, exposure assessment, 
and attention paid to out-migration 
from the occupation (1). It is thought 
that many of the least healthy welders 
leave this physically demanding occu­
pation. This out-migration may bias 
cross-sectional surveys, making it more 

difficult to identify an excess of respi­
ratory symptoms (1). 

Studies of shipyard workers in the 
United States and the United Kingdom 
have suggested a marked excess of re­
spiratory symptoms such as cough 
with sputum production, wheezing, 
and shortness of breath (1 ). These find­
ings have been associated with age, 
duration of employment, smoking, 
past history of respiratory disease, and 
a history of welding aluminum (52,53). 
A recent prospective cohort study 
found statistically significant increased 
symptoms of work-related cough, spu­
tum production, wheeze, and chest 
tightness (54). All of these symptoms 
improved when the subjects were 
away from work. 

Studies of pulmonary function sug­
gest that some welders may experience 
reductions in airflow, vital capacity, 
and diffusing capacity, the latter two 
apparently more Ukcly among welders 
who smoke (1,52,53,55-57). The degree 
to which these changes progress after 
they appear is in some doubt (55), but 
an effect of welding at least on the flow 
in smaJI airways seems to be indepen­
dent of smoking or asbestos exposure 
(56). There does seem to be an exten­
sive interaction between welding­
related exposures and smoking, how­
ever, potentiating whatever effect is 
produced (56). There is also prelimi­
nary evidence that, as proposed by Mc­
Millan (58), there may be a subgroup of 
welders at particular risk because of 
atopy and associated airways reactivity 
and that these workers are more likely 
to migrate out of the occupatfon and be 
lost to follow-up (59). 

The particulate phase of welding 
fumes, similar to other dusts, may in­
duce mild respiratory irritation and 
bronchitis. Whether specific agents 
produced during welding may lead to 
occupational asthma is less clear, in 
view of the multiple exposures in­
volved. The evidence implicating 
nickel is most compelling (60,61). One 
report suggested an etiologic role for 
chromium based on the case of a 
welder with contact dermatitis to chro­
mium salts who experienced airflow 
obstruction after welding galvanized 
steel (62). However, other authorities 
state that chromium metal, in contrast 
to chromium salts, is nonallergenic and 
should not be considered a cause of 
occupational asthma (61). A similar 
late bronchospastic reaction has been 
attributed to zinc (62,63). There is 
mounting evidence that these metals 
cause occupational asthma through an 
IgE-dependent mechanism (60,61). 

Other potent respiratory sensitizers 
have been documented, but exposure 
to these agents is restricted to special­
ized types of soldering. Agents incrim­
inated as causes of asthma, through 
non-IgE-dependent mechanisms, in 
solderers include colophony, amino­
ethyl ethanolamine, potassium alumi­
num tetrafluoride, aluminum chloride, 
and zinc chloride (64). Isocyanates 
have also been shown to be produced 
during soldering of polyurethane­
coated wires (65). In addition, cUni­
cians should be vigilant for the possi­
bility of reactive airways dysfunction 
syndrome, which has been described in 
welders (66). 

Although various agents encoun­
tered in welding and related technolo-

TABLE 4. Comparison of features of metal fume fever and toxic metal p11emno11itis* 

Onset 
Fever 
Chest radiograph 
Arterial blood gases 

Complete blood cell count 
Pulmonary function testing 
Bronchoalveolar lavage 
Prognosis 
Sequelae 

Metal Fume Fever 
Prototype: Zinc Oxide 

Dose related; 4-8 hours postexposure 
Sine qua non 
Normal or fleeting infiltrates 
Normal or minimal transient changes 

Polymorphonuclear leukocytosis 
Normal or transient changes 
Polymorphonuclear leukocytosis 
Self-limiting 
?None 

• Adapted from PD Blanc, personal communicat,on, 1996. 
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Toxic Metal Pneumonitis Prototype: 
Cadmium 

Dose related; 4-8 hours postexposure 
Common 
Noncardiogenic pulmonary edema 
Marked hypoxernia; widened 

alveolar-arterial gradient 
Polymorphonuclear leukocytosis 
Frank, restrictive defect 
Polymorphonuclear leukocytosis 
Life-threatening 
Postacute respiratory distress syndrome 
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gies have been implicated as causes of 
asthma, this disorder is generally an 
infrequent occurrence in this setting. A 
recent cross-sectional study estimated 
that welding fume exposure caused 
asthma in 1 % of the welders ascer­
tained (67). In one of the few prospec­
tive cohort studies to address this is­
sue, one new case of asthma was 
diagnosed in a group of 51 welders 
followed up for 3 years (54). 

It has long been observed that work­
ers in a variety of trades exposed to 
metal fumes, particularly those of man­
ganese, have increased rates of infec­
tious pneumonia (40). A recent study 
has confirmed this finding in welders 
(68). Interestingly, the observed excess 
mortality from lobar pneumonia in this 
study was not observed in men beyond 
the age of retirement, implying a re­
versible effect. 

Chronic Respiratory Effects of 
Welding 

Arc Welders' Pneumoconiosis. In 
1936, Doig and Maclaughlin (69) re­
ported on 16 young, healthy British 
men who had worked only as arc 
welders. Six of them had radiographic 
changes reminiscent of rniliary tuber­
culosis or silicosis, and three others 
had slight interstitial "stippling" on 
which different radiologists disagreed. 
In this first article, Doig and Mac­
Laughlin described the condition, de­
clared that it appeared reasonably be­
nign, and correctly attributed the chest 
radiograph appearance to iron oxide 
inhalation (69). There was little added 
to this report for the next dozen years 
until Doig's second report on this spe­
cific entity, in 1948, which pointed out 
that "arc welders' siderosis," as it was 
called, was unique among the pneumo­
conioses in that it may be completely 
reversible when exposure ceases (70). 
A distinctly abnormal chest radiograph 
showing an extensive micronodular in­
filtrate can gradually become less 
dense and ultimately may clear com­
pletely. 

Although the pattern described 
above is considered to be the "classi­
cal" presentation of arc welders' sider­
osis, there have been extensive changes 
in technology since that time that have 
changed arc welders' pneumoconiosis 
from a relatively pure siderosis to a 
much more complicated disorder. The 
earliest workers in the cases described 

in the 1930s worked with bare rods and 
used very little respiratory protection. 
Subsequently, silicate coatings on rods 
became almost universal. Further re­
finements added additional sources of 
exposure to silicate dusts, nonmetallic 
particles, and asbestos, which occurred 
in both protective equipment and, up 
to the 1950s, rod coatings (AT Doig, 
personal communication, 1981). ln the 
1970s, it became apparent that the pic­
ture of arc welders' pneumoconiosis as 
an accumulation of ferric oxide (Fe20 3 ) 

in the lung was no longer adequate to 
explain increasingly reported observa­
tions of respiratory impairment among 
welders (71,72). 

The initial findings of a benign, re­
versible course for arc welders' pneu­
moconiosis are explained by the obser­
vation that the cause of the 
radiographically visible shadows dif­
fers from other pneumoconioses. In the 
more common pneumoconioses caused 
by fibrogenic dusts such as silica and 
asbestos, the visible opacity is a sum­
mation shadow of the dust itself and 
the fibrosis surrounding the dust in the 
plane of projection. The opacities in arc 
welders' pneumoconiosis as described 
by Doig and McLaughlin (69,70) are 
projected primarily by the dust itself 
with little or no fibrosis (73,74). The 
response to deposition of iron oxide is 
a comparatively benign process. What 
fibrosis occurs is minor compared with 
the exuberant response to silica or as­
bestos. The iron itself, however, is ex­
ceedingly dense to radiographic pene­
tration and projects a shadow that is 
easily visible. When macrophage activ­
ity reduces and disperses the concen­
tration of iron particles in the lung, the 
opacities appear to diffuse (75,76). 

Necropsy material from patients 
with arc welders' pneumoconiosis is 
seldom obtained because the condition 
is rarely life-threatening. In the earliest 
cases in which lung tissue had been 
recovered from arc welders, extensive 
deposition of iron was observed, but 
little or no fibrosis was visible (73). In 
the rare cases in which lung tissue has 
been obtained from modern arc weld­
ers with chest radiograph changes, 
there has been evidence of fibrosis and 
markers of other exposures such as sil­
ica (75,76). The silicate material in 
welding rods burns off as amorphous 
silica, not crystalline silica, but crystal­
line silica is commonly present in var­
ious welding-related work such as 
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sandblasting and mold casting. Thus, 
arc welders' pneumoconiosis and fi­
brosis associated with welding gener­
ally seem to be in transition as a result 
of changing technology, passing from 
the "classical" picture of a predomi­
nantly dust-related disorder of little 
functional consequence to a mixed dis­
order with potentially greater clinical 
implications (2). 

Very little work has been done on 
the role of high-resolution computed 
tomography (HRCT) in pneumoconio­
sis caused by welding. In one recent 
study, HRCT was performed on 21 arc 
welders with chest radiographs sug­
gestive of pneumoconiosis (77). In 15 of 
the subjects, ill-defined micronodules 
concentrated in the centrilobular re­
gions were observed. Emphysema was 
seen in seven cases, all of whom were 
smokers. It is known that HRCT is 
more sensitive than chest radiography 
in detecting parenchymal abnormali­
ties in other pneumoconioses, but 
whether or not this applies to siderosis 
has not been investigated. 

Lung Cancer. A number of studies 
have indicated the presence of exces­
sive lung cancer risk in relation to fume 
exposure during welding (78-87). 
Some of the data were clearly con­
founded by asbestos exposure and cig­
arette smoking (88-90). In 1985, Peto 
(79) reviewed the data available at that 
time and indicated that the studies 
generally showed an excess of mortal­
ity from lung cancer among welders of 
30% to 40% (standardized mortality ra­
tio [SMRJ = 130 to 140). Peto offered 
three alternative explanations. 

First, the observed excess risk is not 
due to welding activity per se but re­
sulted from confounding because of 
exposure to asbestos and smoking. Al­
though welding itself does not involve 
the use of asbestos, it has been used 
extensively in the personal protective 
equipment supplied to welders and is 
to be found in the industries from 
which welders have been studied, such 
as shipbuilding (80). Furthermore, sev­
eral studies have shown that smoking 
rates among welders are higher than 
those of the general population (81-
83). In support of this argument, a case­
control study of 391 men with lung 
cancer found no appreciably increased 
risk of lung cancer in welders when 
asbestos and smoking were taken into 
account (84). However, in another case­
control study in Norway, among 176 
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incident, consecutive lung cancer cases 
in men, for whom a detailed work his­
tory was taken, 28 case subjects had 
been welders for more than 3 years 
(odds ratio - 1.9) (85). 

A second explanation offered by 
Peto was that welding fumes do lead to 
a substantial increase in lung cancer 
but only after a prolonged latency pe­
riod of 20 to 30 years after initial expo­
sure. This theory would account for the 
findings of a cohort study on lung can­
cer mortality among 3247 welders from 
Washington State performed by Beau­
mont and Weiss (86,87). They found 50 
lung cancer deaths versus 37.95 ex­
pected (SMR = 132) based on U.S. cen­
sus data as a reference. After allowing 
for 20 years of latency, 39 deaths by 
lung cancer were found versus 22.4 ex­
pected (SMR = 174). This otherwise 
well-performed study lacked detailed 
exposure histories to assess the possi­
ble effect of confounders, and an inter­
nal case-control comparison was not 
conducted. 

Thirdly, as proposed by Stem, MS 
welding may pose little or no excess 
risk but serves to dilute a much height­
ened risk from SS welding (90). SS 
welders are exposed to Crv1 at levels 
that have been shown to be carcino­
genic in other industries (5). In con­
trast, the levels of nickel to which SS 
welders are exposed are considered to 
be low relative to other industries in 
which nickel was believed to have in­
creased the risk of lung cancer (91). 

Three studies have recently been 
performed in Norway among shipyard 
workers, two among mainly MS weld­
ers (92,93) and one among Norwegian 
boiler-welders who had welded both 
MS and SS (94). In the first of these 
studies, an excess of lung cancer was 
found, with 7 observed cases versus 3.2 
cases expected. In this study, bladder 
cancer was also in excess, with 22 ob­
served cases versus 15.2 cases expected 
(92). However, when accounting for 
duration of exposure as a welder, there 
seemed to be no clear ''dose-response" 
relation between duration of exposure 
and the occurrence of cancer; the high­
est excess occurred in the group with 
an intermediate exposure time. 

In the second study, there was a clear 
excess of lung cancer among 632 MS 
welders, with 9 cases observed versus 
3.6 cases expected (93). There were 6 
cases versus 1.6 cases expected in a 
subgroup of 255 heavily exposed weld-
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ers. Because there were four cases of 
mesotheliomas in the whole shipyard 
population (although none had oc­
curred among the welders), and smok­
ing was not fully controlled for, expo­
sure to asbestos as well as smoking 
could have confounded these results. 

In the last of this series of studies, 
among 2957 boiler welders, there were 
50 observed cases of lung cancer versus 
37.5 cases expected; however, 3 cases of 
mesothelioma were also observed ver­
sus 1.1 cases expected (94). Smoking 
could not be controlled for in this 
study. In this study population, there 
were also an excess of leukemias, with 
11 observed cases and 6.2 cases ex­
pected. 

Few studies have been performed on 
"pure" SS welders. Sjogren (95) identi­
fied a group of 234 welders who had 
welded only on SS for 5 years or more 
between 1950 and 1965. The smoking 
habits of this study group were quite 
similar to the general male population, 
which was used as a reference. Three 
cases of lung cancer were found versus 
0.8 expected. By including in the study 
group only subjects who had welded 
for at least 5 years, dilution of the re­
sults with persons at relatively low risk 
was avoided. Welders were selected 
who presumably had been exposed to 
very high air levels of SS welding 
fumes over a long period. When the 
same cohort was followed up until 
1984, five cases of lung cancer were 
found versus 2.01 cases expected (96). 
In comparison to other studies, SS 
welding exposures were precisely 
characterized, and latencies for possi­
ble exposure-related cancer were ac­
counted for in the design of this study. 
However, the number of cases was 
small, three and five cases, respec­
tively, in these two follow-ups (95,96). 

Becker and associates (97) performed 
a cohort study among 1224 SS welders 
who had used different welding meth­
ods. The only subgroup of welders 
with excess lung cancer was the group 
who performed SMAW and who had 
20 to 29 years since first exposure, with 
5 observed cases versus 2.1 cases ex­
pected, but in the whole SMAW sub­
group, there were 5 cases versus 5.1 
cases expected. The major inherent 
weakness of this study was the short 
time of observation. 

One of the most recent studies was 
performed by Danielsen and col­
leagues (94). There was a subgroup of 

606 SS boiler welders among whom 
there were 6 cases of lung cancer ver­
sus 5.8 cases expected and 1 case of 
mesothelioma versus 0.2 expected. 
However, when accounting for a pre­
sumed latency period of 15 years, the 
excess was reduced to a deficiency of 2 
cases observed versus 3.4 cases ex­
pected, indicating that there was no 
excess. Hence, the results of this study 
do not lend support to the view that SS 
welding results in a higher risk of lung 
cancer than MS welding. 

A recent meta-analysis of five stud­
ies on SS welders and lung cancer was 
performed by Sjogren and coworkers 
(98). Adjusting for smoking and asbes­
tos exposure, they found a pooled SMR 
of 194 (95% confidence interval of 128-
292) and concluded that there was a 
relation between SS welding and lung 
cancer and that SS welding should be 
separated from MS welding in the con­
sideration of carcinogenic risk. How­
ever, others have argued that the risk 
of lung cancer in SS welders is no 
higher than those of MS welders 
(99,100). 

The most significant recent contribu­
tion in this area was a study performed 
by the International Agency for Re­
search on Cancer (IARC), which in­
cluded both MS as well as SS welders, 
11,092 in all (101). Welders from nine 
European countries participated, re­
cruited mainly during the 1960s and 
the 1970s. There were 116 lung cancer 
deaths versus 86.8 expected. There 
were also 15 deaths of bladder cancer 
observed versus 7.9 expected and 12 
versus 8.6 deaths of cancer of the kid­
neys, both cancer sites generally con­
sidered to be related to smoking. How­
ever, there were only 42 deaths caused 
b.y nonmalignant disease of the respi­
ratory tract versus 61 expected, which 
might indicate that tobacco smoking 
did not play a major role as a cause of 
death in this study group. 

There was a tendency for the SMR 
for lung cancer to increase with time 
since first employment both for MS 
welders, ever SS welders, and predom­
inantly SS welders. The increase with 
time was most marked for predomi­
nantly SS welders than for the other 
two subcohorts. The authors concluded 
that there was an excess of mortality 
from lung cancer in welders but that it 
bore no relation to either SS welding in 
particular or duration of employment. 
Largely on the basis of this study, the 
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IARC concluded that welding was 
"possibly carcinogenic to humans 
(group 2B)" (5). 

Thus, despite numerous studies, 
considerable controversy persists re­
garding the risk of lung cancer in weld­
ers (100,102). Smoking and asbestos ex­
posure have been confounders in 
several studies and the extent to which 
these exposures account for the ob­
served excess mortality from lung can­
cer in welders is a subject of ongoing 
debate. In most countries, SS welding 
is a more demanding job than MS 
welding, hence requiring greater skill. 
This could contribute to a lower prev­
alence and intensity of smoking in SS 
welders, making that subgroup less 
vulnerable to confounding. Such a dif­
ference in smoking habits could possi­
bly mask a more hazardous workplace 
exposure situation. Further large case­
control studies with detailed exposure 
histories and long-term folJow-up are 
needed to clarify these issues (102). 

CONCLUSION 
Welders are exposed to a wide vari­

ety of potential respiratory hazards. It 
is therefore somewhat surprising that 
this trade is not usually associated with 
extraordinary respiratory morbidity. 
Nevertheless, as illustrated by the ex­
ample of siderosis, there is evidence to 
suggest that, with the development of 
increasingly sophisticated welding 
technologies, the spectrum of hazards 
widens. In the future, clinicians should 
be aware of the possibility of new haz­
ards as this ubiquitous industrial trade 
continues to evolve. 
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