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The Lung in Metal Fume Fever
Paul Blanc, M.D. M.S.P.H., and Homer A. Boushey, M.D.

Metal fume fever is a self-limited syndrome
associated with zinc oxide fume inhalation. Metal
fume fever is typified by a constellation of signs and
symptoms suggesting a flulike illness: malaise, my-
algia, fevers in the range of 38° to 39°, and fre-
quently also cough, hoarseness, and dyspnea. The
syndrome’s onset is abrupt, appearing 4 to 24
hours after the inhalation of zinc oxide particles in
the respirable range (less than 5 wm), usually
freshly generated through welding galvanized met-
als or melting brass. The illness remits after 24 to
48 hours. No long-term sequelae are recognized.
Those most familiar with the illness, particularly
welders and brass founders, have given metal fume
fever many names: brass chills, spelter shakes, and
zinc ague.! Another name, “Monday morning fe-
ver,” derives from the tolerance or tachyphylaxis
that quickly develops with repeated exposures to
zinc oxide fumes. Fever and myalgias often occur
only after the initial exposure to zinc fumes or after
reexposure following a hiatus of days or weeks, as
upon return to work after a long weekend or vaca-
tion."#

LUNG AS THE TARGET ORGAN IN METAL
FUME FEVER

In toxicology the term “target organ” identi-
fies the organ system in which the effects of a toxin
are primarily manifested. Although the hallmark,
flulike symptoms, of metal fume fever are systemic,
we believe that consideration of the probable
pathogenesis of the illness indicates that the lung is,
in fact, the target organ in this syndrome and that
the systemic symptoms are secondary. Viewing the
lung as the target organ in metal fume fever em-
phasizes its pulmonary component, providing a ba-
sis for understanding its relationship to similar fe-

brile syndromes that occur after the inhalation of
certain other toxins.

Target organ effects may be related to, but are
not synonymous, with route of exposure. For ex-
ample, the target organ for chronic benzene expo-
sure is the bone marrow (aplastic anemia and leu-
kemia), although the route of exposure to the toxin
is commonly by inhalation. Similarly, the central
nervous system, because of its sensitivity to hy-
poxia, is the target organ for cyanide even though
the lung may be the conduit for cyanide gas expo-
sure. Unlike the toxicities of benzene or cyanide,
which are independent of exposure route, zinc-
caused metal fume fever occurs only after zinc ox-
ide is inhaled. Neither ingestion or parenteral ad-
ministration of zinc in humans has been reported
to cause the signs or symptoms of metal fume fe-
ver.>”® Thus it appears that the systemic effects of
zinc exposure depend on inhalation. A growing
body of experimental evidence suggests that an in-
flammatory response in the lung underlies metal
fume fever’s systemic manifestations of fever, my-
algia, and malaise.

In this review we will consider epidemiologic
data, the historical context, and case reports of
metal fume fever. We will also assess the data from
human, animal and in vitro experimental studies of
zinc exposure, particularly as they illustrate the po-
tential role of the lung in the pathogenesis of this
disorder. We will explore some of the possible
pathophysiologic mechanisms that have been en-
tertained to explain the ability of zinc inhalation to
induce metal fume fever, examining the implica-
tions of these theoretical mechanisms on the cen-
tral role of the lung in this disease. We will then
consider the parallels between zinc-caused metal
fume fever and other self-limited febrile syn-
dromes related to the inhalation of toxins, espe-
cially organic dust toxic syndrome (ODTS), which
is associated with inhalation of decaying or moldy
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organic materials. In this context we will also com-
ment on metals other than zinc, such as copper and
magnesium, that are frequently cited as potential
causes of fume fever syndromes. We will conclude
with a discussion of the diagnosis, treatment, and,
most importantly, the prevention of metal fume
fever.

EPIDEMIOLOGY OF METAL FUME FEVER

In 1975 the National Institute of Occupational
Safety and Health (NIOSH) estimated that 50,000
workers in the United States are potentially ex-
posed to zinc oxide.! This estimate included work-
ers exposed to zinc oxide fume and those exposed
to zinc oxide powders or dusts. Although exposure
to metallic zinc may take place in certain unusual
circumstances, for all intents and purposes oxides
are so rapidly formed that inhalation of nonoxi-
dized zinc fume does not occur.® For this reason,
we will use the terminology inhalation of “zinc”
interchangeably with “zinc oxide.” This also recog-
nizes the convention that inhalational exposure
data and industrial hygiene occupational standards
are similarly expressed in terms of zinc and not zinc
oxide.” Other zinc-containing compounds, espe-
cially zinc salts, may also have clinical importance
occupationally or environmentally. For example,
zinc chloride, which has been used in smoke
bombs, is a potent pulmonary irritant capable of
causing pulmonary edema and adult respiratory
distress syndrome.g"10 However, because these zinc
compounds are associated with responses distinct
from the fume fever syndrome, they will not be
given further consideration in this review.

In a powdered form zinc oxide has industrial
applications in pigments as well as in pharmaceuti-
cals. Fume fever after exposure to fine zinc oxide
dust from grinding operations is rarely reported."!
Sources of zinc oxide associated with metal fume
fever are almost exclusively in the form of fume, a
fine particulate suspended in air. Work processes
generating zinc fume include foundry operations
(particularly brass), welding on galvanized materi-
als; brazing or flame cutting of brass or galvanized
metal, or galvanizing.! Galvanizing (a process
wherein steel or other alloys are dipped in molten
zinc to form a protective coating) is carried out at
temperatures where fume is generated to a much
smaller degree than foundry, welding, or cutting
operations.

Despite the prevalence of zinc inhalation expo-
sure, accurate population-based surveillance data
documenting the incidence of metal fume fever, as
for most occupationally related disorders, do not
exist. Some inferences can be made from indirect

surveillance measures. One such surveillance mea-
sure is poison control center reporting. In 1987
over 900 cases of metal fume fever were reported
through the national network of poison control
centers in the United States, an increase of 4%
from 1986 reporting, even taking into account a
wider network.'?!* By 1988, over 1000 cases were
reported annually in a catchment area represent-
ing 63% of the US population.'* Another indirect
incidence measure can be taken from the “Doctor’s
First Report” system in California (as such, a sur-
veillance system covering approximately 10% of
the US working population). In 1982, 196 cases of
occupational illness in California were attributed to
either zinc or nonspecific welding fume; by 1986,
this incidence had climbed to 246, an increase of
26%.'>1® Extrapolating from these surveillance
measures to the entire population suggests that at a
minimum 1500 to 2500 cases of metal fume fever
occur annually in this country. Based on these data,
it appears that metal fume fever is common and
does not appear to be diminishing in prevalence.

HISTORICAL CONSIDERATIONS

Not only is metal fume fever still a prevalent
occupational syndrome, it is also an illness that has
long interested researchers and clinicians, with re-
ports of cases and occupationally exposed cohorts
continuing to be intermittently published more
than 150 years since the syndrome was first re-
ported. In 1832 Thackrah wrote, “The brass
founders suffer from the inhalation of volatilized
metal. In the founding of yellow brass in particular,
the evolution of oxide of zinc is very great. It imme-
diately affects the respiration: it less directly affects
the digestive organs. The men suffer from diffi-
culty in breathing, cough, pain at the stomach, and
sometimes morning vomiting. The brass-melters of
Birmingham state their liability also to an intermit-
ten fever, which they term brass-ague and which
attacks them from once a month to once a year, and
leaves them in a state of great debility. ... The
Turners, Filers, and Dressers of Brass, if confined
to this metal, do not seem more unhealthy than the
generality of our townsmen.”'”

One of the most detailed early reports of metal
fume fever in English was that of Greenhow in
1862.'"® Writing in a report entitled “Brass
Founders’ Ague” he stated, “Brass-casters who
have personal experience of the disease entirely
agree in their account of its symptoms, more than
seventy of them having described the disorder in
almost identical terms. These symptoms are a sense
of malaise and weariness . . . a feeling of constric-
tion or tightness in the chest, and, in some rare
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cases, nausea commencing during the afternoon of
a day employed in casting, followed towards
evening, or at the latest when getting into bed, by
shivering, sometimes succeeded by an indistinct
hot stage . . . regular casters who have been absent
from work for a few days are reported to be more
liable to suffer from this disease.” He goes on to
conclude “And now as regards the cause of this
curious malady. The men themselves attribute it to
inhaling the fumes of deflagrating zinc, or
spelter. . .. The quantity of fumes given off de-
pends mainly upon the proportion of zinc em-
ployed in making the brass, which varies with the
purpose for which the brass is intended. Moreover,
a much greater quantity is given off when the met-
als are mixed to make brass than when brass ingots
are merely remelted. . . . I may add, in conclusion
that this disease is unknown among operatives,
such as makers of galvanized iron, who work over
molten zinc when the temperature is not high
enough to cause deflagration and oxidation of the
metal.” These early descriptions of metal fume fe-
ver delineate many of the syndrome’s key features:
inhalation of zinc oxide fume (but not exposure to
dust such as would be generated in filing or turning
metal or to operations producing little fume), inter-
mitten fever (tachyphylaxis), and respiratory symp-
toms as a common component.

Early reports of brass effects were complicated
by questions of possible copper, lead, or arsenic
co-contamination. In fact it was a matter of some
debate in these early reports whether or not
zinc was the metal producing fume fever in brass
workers.'? By the beginning of the 20th century,
it was established that zinc was indeed responsible
for metal fume fever; sufficient printed material
had accumulated to prompt the first modern re-
view of the scientific literature on metal fume fever
by Sigel in 1906.2° The first extensive modern re-
view in the English language was by Drinker in
1922.°

Although the refining of metal is one of the
earliest human “industrial” activities, metal fume
fever was reported initially in the first part of the
19th century. The classic 18th century text on occu-
pational disease, Ramazzini’s De morbis artiﬁcum,21
does not mention any syndrome resembling metal
fume fever, although other illnesses due to metals,
such as lead and mercury poisoning, are described
in detail. One hundred years later, Patissier?? in
1822 noted in an updated French revision of Ra-
mazzini that certain metal gilders suffered colic
and pain due to zinc oxide inhalation. Although
this is frequently cited as the earliest mention of
metal fume fever, it would be more precise to as-
cribe this as the earliest allusion to zinc oxide toxic-
ity. (Unfortunately for Patissier, his name fre-

quently appears mistranscribed as Potissier in
reviews of metal fume fever.232%)

Viewed in its historical context, the “appear-
ance” of metal fume fever in the 19th century fol-
lows the introduction to Europe of zinc distillation
that occurred approximately 50 years before, in the
middle to late 18th century.?® It was also in this
time period that zinc oxide was first introduced as a
pigment substitute for white lead in paint.® Al-
though brass (which is a copper-zinc alloy) was
known in the West since at least Roman times, until
the modern availability of refined zinc, brass was
made by cementing zinc ore (“cadmia fossilis” or
calamine in Renaissance metallurgy) with copper.?
Zinc oxide, which was employed for medicinal pur-
poses from antiquity, was generally obtained only
as a byproduct from metal refining (“spodos” or
“pompholyx”), by scraping precipitant from cracks
in the walls of copper smelters.?® It is probable only
under the relatively “modern” manufacturing con-
ditions of brass production using refined zinc (and
later in galvanized or welding applications) that
zinc has been manipulated under conditions pro-
ducing exposures that cause fume fever. Drinker®
emphasized a number of years ago that zinc boils
near the temperatures at which copper is melted in
modern brass founding. Moreover, the vapor pres-
sure of zinc is proportional to the zinc content in
the brass: both lower casting temperatures and
lower zinc content would lead to a marked reduc-
tion in the amount of zinc oxide fume produced.

CASE REPORTS AND COHORT STUDIES

As was stated at the outset, the hallmarks of
metal fume fever are chills with fever, malaise, and
myalgia. Nonetheless, a pulmonary component to
the acute syndrome of zinc-mediated metal fume
fever has been recognized in most descriptions of
the illness. Table 1 summarizes symptoms reported
in relevant case reports, cohort studies, and exper-
imental exposures published over the last 80 years.
Although chills and myalgia are the most common
symptoms reported, cough is described frequently,
frank dyspnea is reported less often.'-26-**

The largest published cohort study of metal
fume fever is that of Turner and Thompson,26
who carried out a study of zinc oxide exposed
workers in the 1920s under the aegis of the United
States Public Health Service. Their study included
22 brass foundries employing 340 men. Of these,
102 (30%) had experienced at least one attack of
metal fume fever; more than one third of those
experienced attacks as often as once a week. The
reported latency from first exposure until symp-
toms was typically 4 to 6 hours. In descending or-
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Table 1. Symptoms Reported in Selected Case Reports and Studies of Metal Fume Fever

Exposure Cases Chills Myalgia Cough Dyspnea Headache Nausea Reference
Foundry; pigment 115 115 77 65 36 86 9 26
Welding 1 1 1 1 1 1 1 27
Welding 1 1 1 1 1 0 0 28
Welding 1 1 1 1 1 0 1 29
Welding 1 1 1 0 0 0 1 30
Welding 13 10 7 7 2 7 7 31
Welding 1 1 0 0 1 0 0 32
Welding 1 1 1 1 0 0 1 33
Welding; grinding 3 3 2 3 1 0 2 11
Welding; cutting 43 43 17 28 21 32 16 34
Flame cutting 2 2 0 2 1 1 0 35
Flame cutting 1 1 1 0 1 1 1 36
Flame cutting 1 1 1 1 1 0 0 37
Flame cutting 1 1 1 1 0 0 0 38
Spraying 1 1 1 0 1 0 0 39
Spraying 1 1 1 1 1 1 0 40
Soldering 2 2 0 1 2 0 0 41
Experimental 4 4 4 2 3 4 0 42
Experimental 2 2 2 2 0 2 1 43
Experimental 3 3 2 0 2 2 0 44
All cases, n (%) 198 195 (98) 121 (61) 117 (59) 76 (38) 137 (69) 40 (20)

der, the frequency of symptoms among the 102
men during the “prodromal” stage was as follows:
throat irritation, 83%; metallic taste, 80%; head-
ache, 66%; cough, 42%. With the development of
fever, the symptom prevalence was reported as:
headache, 74%; malaise and myalgia, 73%; frank
rigor, 63%; cough, 60%; dyspnea and chest con-
striction, 30%.

Physical findings in published studies are sum-
marized in Table 2. In general, pulmonary auscul-
tation in metal fume fever is unremarkable, al-
though rales are sometimes observed.''%
33,36,38,40,43 Chest radiographic examination is
typically normal, but may reveal evanescent

changes suggesting pulmonary edema. In one rela-
tively large series, 5 of 43 cases of zinc-related metal
fume fever from a shipyard welding exposure had
radiographic abnormalities.>* Pulmonary function
has been reported in only a few studies of metal
fume fever.?*?9*14345 Bronchospastic or anaphy-
lactoid responses to zinc oxide fume have been re-
ported but are unusual. 28293941

HUMAN EXPERIMENTAL DATA

Zinc oxide fume inhalation associated with
metal fume fever under actual field conditions

Table 2. Physical and Laboratory Findings in Selected Case Reports and Studies of Metal Fume Fever*

CXR

Exposure Cases Fever Tachypnea Rales WBC vC FEV, DLco, Abn Reference
Welding 1 1 1 0 19.6 NR NR NR 1 27
Welding 1 0 0 1 10.4 NR NR NR 0 30
Welding 13 13 0 3 15.3¢ NR NR NR 0 31
Welding 1 1 1 1 19.7 NR NR NR 0 33
Welding 1 1 0] 0 24.0 —41% NR —40% 0 32
Welding; 3 3 1 1 24.3t NR NR NR 0 11

grinding
Welding; 43 43 NR NR 9.0to 19.0 NR NR NR 5 34

cutting
Flame cutting 1 1 0 1 11.2 NR NR NR 0 36
Flame cutting 2 1 1 0 9.7, 15.6 NR NR NR 0 35
Flame cutting 1 1 1 1 147 NR NR NR 0 38
Spraying 1 1 0 1 36.5 NR NR NR 1 40
Spraying 1 1 0 0 15.9 -11% -20% NR 1 39
Soldering 2 1 0 0 NR; 15.8 NR —17%; —20% NR 0 41
Experimental 2 2 0 1 16.8;16.9 —53%; —18% NR NR 0 43
Experimental 7 2 NR NR NR Nct Nct -7%t NR 45
Total, n 80 72/80 5/30 10/30 — - — — 8/73

% 100 920 17 33 11

*WBC: white blood cell count x 10?mm™'; VC: vital capacity; FEV: forced expiratory volume in 1 second; DL¢: diffusing
capacity for carbon monoxide, all lung function values as a percent change from baseline values before controlled challenges; CXR
Abn: infiltrate present on chest radiograph; NR: not reported; Nc: no change from baseline pulmonary function study.

+ Mean value for group reported.
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tends to be intermittent, to be of a high level, and to
have a short duration of exposure. These exposure
characteristics have lent themselves to the study of
metal fume fever through human experimental ex-
posures in the laboratory. The first human experi-
ments with controlled exposures to zinc oxide fume
were carried out in the first quarter of this century
in a series of studies by Lehmann in Germany,
Drinker the United States, and Bernstein in the
Soviet Union %#2-4446

Lehmann was the first to produce metal fume
fever experimentally in human subjects.*? By using
purified zinc, he was able to establish that it and not
a contaminant (such as copper or arsenic) was re-
sponsible for fume fever. He also verified that the
fume produced was zinc oxide without appreciable
metallic zinc. Lehmann’s intended experimental
subject was a 27-year-old brass founder exposed
experimentally for 50 minutes to peak levels of
fume of approximately 170 mg/m®. These expo-
sures were substantial enough to induce symptoms
of chills, dyspnea, and headache waking him from
sleep 15 hours after exposure. In addition to the
intended experimental subject, one of Lehmann’s
assistants exposed unintentionally for 30 minutes
to approximately 140 mg/m® zinc, experienced fe-
ver beginning 12 hours after exposure, peaking to
39° but without respiratory complaints.

The detailed research by Drinker and collabo-
rators at the Harvard School of Public Health pro-
vides much of the basis of current occupational
exposure limits for zinc oxide in the United
States. 24346 Building on Lehmann’s work, Drinker
documented that zinc oxide fume inhalation (600
mg/m® for 10 to 12 minutes) caused a doubling of
the circulating white cell count primarily though an
increase in polymorphonuclear leukocytes.** This
leukocytosis appeared to follow a pattern that in-
cluded a peak 4 to 6 hours after exposure, a slight
dip followed by a second, greater peak at 8 to 12
hours that was in turn followed by a second dip and
a final peak 24 to 36 hours after exposure. In these
studies body temperature began to increase 8
hours after exposure, with the fever peaking at 12
hours and resolving 16 to 20 hours after exposure.
Constitutional symptoms included a prefebrile
prodrome of malaise and myalgia followed by a
sensation of chills without frank rigor coincident
with the fever spike. In separate human exposure
experiments, Drinker also demonstrated that the
febrile and symptomatic response to zinc was
blunted when rechallenge was carried out at 24
hours, even though a prolonged leukocytosis was
produced.? Although numerous case reports have
documented a similar pattern of response to zinc
oxide fume, Drinker’s controlled and detailed ex-
posure reports still provide one of the most de-

tailed descriptions of zinc-mediated metal fume fe-
ver in the medical literature.

Drinker was also the first to study pulmonary
function in metal fume fever, reporting a drop in
vital capacity in his exposure subjects.*” In one of
these, the vital capacity fell by 24% within 2%
hours, with a maximum reduction of over 50% 7V
hours after inhalation. Vital capacity remained
17% below baseline at 24 hours and returned to
baseline after 48 hours. A chest radiograph 3%
hours after exposure did not show any change
from baseline, but rales were noted by auscultation
for 3 days. The second of his experimental subjects
also had a modest reduction in vital capacity (17%
below baseline at 11% hours). No rales were noted
in that subject. Both subjects also “developed a ten-
dency to cough” beginning with the exposure and
continuing for 24 hours. Cough was induced by
deep inspiration or forced expiration.

Apparently without knowledge of Drinker’s
work, Bernstein in the Soviet Union also produced
metal fume fever experimentally in three human
subjects.** In his experiments exposure levels were
145 mg/m? lasting for 30 to 75 minutes. Time until
onset of fever was 62 hours, with the fever peak by
10 hours. Respiratory symptoms were prominent
in two of three subjects. A fourth subject wore a
respirator during the exposure and developed no
symptoms.

More than 50 years elapsed before the next
reported controlled exposure to zinc oxide fume
inducing metal fume fever. That study presented
the first results of bronchoalveolar lavage (BAL) in
metal fume fever.*?> BAL was performed 24 hours
after challenge to zinc by welding for 1 hour on
galvanized (zinc-coated) metal. Airborne levels of
zinc were not reported. The BAL fluid demon-
strated a leukocytosis ten times above normal val-
ues with a relative as well as absolute increase in
polymorphonuclear leukocytes (PMNs) (47%). Re-
peat BAL 7 months later without intervening expo-
sure demonstrated a normal cell count and differ-
ential, although polymorphism and polynucleosis
of macrophages were noted. Pulmonary function
data in that case demonstrated a 40% fall from
baseline in both vital capacity and diffusing capac-
ity for carbon monoxide (DL_,). For vital capacity
maximal depression occurred at 6 hours; for DL,
maximal depression was at 3 hours. Although the
vital capacity had returned to baseline values by 24
hours, the DL, remained mildly depressed (78%
predicted) even at 72 hours. Airway resistance, in
contrast to the pattern observed with vital capacity
and DL, increased immediately with the chal-
lenge but returned to baseline within 1 hour. Pul-
monary auscultation and radiographic examina-
tion were unremarkable.
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We reported preliminary findings in con-
trolled human exposures to zinc oxide, including
results of bronchoalveolar lavage.*> We reported
data for seven subjects who welded galvanized steel
in a controlled exposure chamber; breathing zone
zinc ranged from 23 to 171 mg/m® over 15 to 30
minutes. Two subjects with the heaviest zinc expo-
sure developed chills, fever and myalgia typical of
metal fume fever; the others were without such
symptoms. In all the subjects the BAL yielded nu-
merous PMNs, with a mean of 31% (range, 18 to
48%). The concentration of postchallenge periph-
eral PMNs doubled, a response originally shown by
Drinker. Zinc fume dose was significantly corre-
lated with the concentration of BAL fluid PMN:s,
macrophages, and after to before exposure ratio of
circulating PMNs. Zinc dose was also correlated
with the proportion of BAL fluid T cells identified
as activated lymphocytes or inducer lymphocytes.
In contrast to earlier reports, there was little
change in pulmonary function. There was a slight
overall fall in DL, (mean change, —7%) and little
to no postchallenge change in lung flow rates, vol-
umes, specific airway resistance, or bronchial reac-
tivity to methacholine. Our data demonstrated a
dose-dependent pulmonary inflammatory re-
sponse to zinc oxide inhalation involving increases
in PMNs, macrophages, and certain lymphocyte
subtypes, changes that did not correspond to a
marked functional change in the airways. The clin-
ical response that we observed also suggested an
apparent threshold in manifesting metal fume fe-
ver, even though a pulmonary inflammatory re-
sponse measured by BAL was present in those who
were without symptoms of metal fume fever.

ANIMAL DATA

Animal studies of metal fume fever were con-
ducted in three roughly distinct periods. Early
studies of laboratory animals paralleled the first
human exposure studies and were designed pri-
marily to delineate pathologic changes and to es-
tablish a reproducible animal model of the syn-
drome. These studies were followed by an interim
period in which investigators attempted to use ani-
mal models to study the pathogenesis of metal
fume fever. These studies were once again limited
to simple physiologic and pathologic measure-
ments. In the last 10 years there has been renewed
interest in studying the response to zinc oxide inha-
lation in animal models, applying techniques such
as BAL in addition to traditional measurement of
temperature, circulating cells counts, and tests of
lung function.

Lehmann, who was the first to carry out sys-
tematic human exposure experiments with zinc ox-

ide fume inhalation, also attempted to study the
syndrome in an animal model.** He states that he
was unable to induce a “foundry fever” response in
rabbits, cats, dogs, or pigeons, but does mention
that a right lung infiltrate was produced in one
rabbit after intratracheal injection of tartrate of
“zinc oxide-sodium.” Turner and Thompson,?®
whose large cohort study we have previously de-
scribed, also carried out a series of experiments
with guinea pigs exposed to high levels of zinc ox-
ide fume (ranging from 1064 to 2553 mg/m? for 1
hour). Although they were able to produce a fe-
brile response in their experimental animals that
began at 8 hours and peaked at 16 hours, they also
noted a marked hypothermic response reaching its
nadir at 4 hours postexposure. Pathologic exami-
nation immediately after exposure demonstrated
marked PMN infiltration in alveolar walls but not
in the alveolar spaces; 1 hour after exposure PMNs
and eosinophils were noted in the alveolar spaces;
at 6 hours, these infiltrates were more marked; at
24 hours, some resolution was noted. Drinker and
Drinker* exposed cats and rats to zinc oxide (110 to
600 mg/m® for 15 minutes to 3 hours 15 minutes
duration) and observed an early hypothermic re-
sponse without successfully producing a delayed
febrile response. Pathologic examination immedi-
ately after exposure did not show significant alveo-
lar infiltrates; considerable alveolar PMN infiltra-
tion was found in lungs examined 2 and 4 days
after exposure. Tissue analysis showed clearing of
zinc from lung tissue within 1 to 4 days. In contrast
to Drinker’s lack of success in producing a delayed
febrile response in the species that he studied,
Bernstein** did report a temperature increase in
rabbits after zinc oxide inhalation, but only in ani-
mals breathing through a tracheostomy, suggesting
that efficient nose and upper airway filtration con-
ferred a relative resistance to exposure. Bernstein
did not present pathologic data.

In follow-up to Lehmann’s earlier work,
Schmidt-Kehl*® carried out a series of intriguing
experiments that are frequently cited but, as far as
we have been able to ascertain, have never been
reproduced. He reported that injection (either sub-
cutaneously or intravenously) of rabbit serum ex-
posed to zinc oxide fumes in vitro produced a de-
layed febrile response. Neither control unexposed
serum nor water exposed to zinc oxide fumes and
containing similar concentration of zinc produced
a rise in temperature in test animals. The experi-
mental animal work of Pernis and coworkers*® on
the mechanisms of metal fume fever is also of inter-
est. When the initial reports of endogenous pyro-
gen (later identified as interleukin-1 [IL-1]) be-
came known, it occurred to these investigators that
this substance might be a mediator of metal fume
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fever. In a series of elegant animal studies, they
were able to establish a reproducible model of
metal fume fever and then showed that tachyphy-
laxis to zinc oxide fume was not induced by endo-
toxin. Since repeated exposure to endotoxin is as-
sociated with tachyphylaxis, this suggests that zinc
oxide fume exerts its effect through a pathway in-
dependent, at least in part, from that of endotoxin.

Amdur and collaborators recently have car-
ried out a series of experiments evaluating zinc
oxide inhalation in a guinea pig model.’*=°% After
inhalation of 5 mg/m® for 3 hours/day for 6 days,
the test animals demonstrated a variety of pulmo-
nary effects.”! These included decreased DL, and
vital capacity, improving although not resolved by
72 hours, and increased airway resistance, which
resolved by 48 hours. Electron microscopic evalua-
tion of the lung parenchyma demonstrated prolif-
eration of type 11 pneumocytes and the presence of
a mixed cellular infiltrate, including macrophages,
lymphocytes, neutrophils, and fibroblasts. Thymi-
dine uptake studies demonstrated increased label-
ing of bronchiolar epithelium, which resolved at 72
hours, but no changes in bronchial epithelium. In a
later study, single peak exposures of 25 mg/m® did
cause pulmonary function changes similar to those
seen with repeated, lower dose exposures. Amdur
and collaborators have also studied the BAL of
guinea pigs exposed to zinc oxide fume.”® BAL
neutrophil counts were significantly elevated in test
animals exposed to levels as low as 5.9 mg/m?® for 3
consecutive days. Macrophage, eosinophil, and
lymphocyte counts in BAL fluid were not signifi-
cantly altered even at double the 5.9 mg/m® expo-
sure level. This experiment also provided data on
the time course of the BAL response in that no
abnormalities were appreciated in the BAL fluid
obtained immediately after the first 3-hour expo-
sure period but were noted in fluid obtained 24
hours later.

Anmimal studies by another research group
found that intratracheal installation of zinc oxide
particles caused a peak in BAL fluid PMNs 3 days
later and in macrophages 5 days later.”® These in-
vestigators also demonstrated rapid clearance of
zinc oxide from the lung, with a half-life of 14
hours. A third research group found dose-depen-
dent increases in BAL fluid proteins and inflam-
matory cells 24 hours after inhalation of brass pow-
der (28% zinc) at levels as low as 10 mg/m® for 4
hours.?* It is of interest that in these studies expo-
sures were not to freshly formed zinc oxide fume, a
matter to which we will return in a later discussion
of the mechanism of metal fume fever.

The animal data related to zinc oxide’s effects
on the lung can be summarized as follows: in ani-
mals, a febrile response to zinc oxide fume is not

easy to induce. In contrast, pulmonary function
changes have been seen in animal models that are
similar to the effects reported in some clinical re-
ports and experimental human studies. Moreover,
the BAL findings in animals parallel the abnormal-
ities reported in humans after exposure to zinc ox-
ide fume.

DOSE RESPONSE DATA

Before turning to considerations of possible
mechanisms of metal fume fever, we first wish to
address issues of dose response, particularly in
light of current legal exposure limits for zinc oxide
in the United States. Until September 1, 1989, the
Occupational Safety and Health Administration
(OSHA) standard for zinc oxide fume was limited
to a permissible exposure limit (PEL) of 5 mg/m?®
averaged over 8 hours. In 1975 NIOSH had rec-
ommended a maximum exposure of 15 mg/m®
over 15 minutes.’> The American Conference of
Governmental Industrial Hygienists (ACGIH) had
recommended an even lower level of 10 mg/m® as a
15 minute short-term exposure limit (STEL).”® As
a part of newly promulgated standards, OSHA has
adopted the ACGIH recommended STEL of 10
mg/m®, establishing a legal STEL for zinc oxide
fume for the first time in the United States.”

Despite the promulgation of these exposure
limits, there is little firm dose response data on
metal fume fever. Moreover, the data are relatively
scant on exposure levels in actual field welding op-
erations where most zinc oxide fume exposure oc-
curs. Electric arc welding on galvanized steel under
reduced ventilation conditions (an open topped,
6-foot high tarpaulin walled enclosure) generated a
zinc oxide fume breathing zone exposure level of
108.5 mg/m®>.! This is similar to the levels at which
Lehmann induced fume fever experimentally.*?
Even outdoors with a 10 mile an hour wind, zinc
oxide sampled inside the welding helmet has been
measured at 13 mg/m®. In another study in en-
closed conditions in a tank ventilated by flexible
exhaust tubes terminating near the welding fume
cloud, worker exposure levels were 11 mg/mg.l’57
These levels are near current STEL but are also
levels at which pulmonary effects have been seen in
animal studies, as noted previously.

OSHA sampling data from the years 1979—
1988 identified 2400 industrial hygiene test sam-
ples taken in welding operations. Of these, zinc was
above the 8 hour PEL in only 72 (3%) of these
samples. Of those above the PEL, the median value
was 8 mg/m®, with a maximum of 43 mg/m?® (aver-
aged over 8 hours) (OSHA Management Informa-
tion System, JR Froines, personal communication).
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Data on 15-minute peak exposures are not avail-
able. Given the intermittent nature of welding, ac-
tual short-term exposures to levels far above 10
mg/m® are probably much more frequent than
these data suggest. The frequency of metal fume
fever in poison control center and Doctor’s First
Report surveillance suggests that overexposure to
zinc oxide fume is more commonplace than indi-
cated by OSHA sampling.'*!'® A NIOSH field in-
vestigation of a bus frame manufacturing company
found only 1 of 11 air samples exceeding the 5
mg/m® 8 hour PEL, although complaints of metal
fume fever were common in the workforce; in an-
other investigation, 5 of 24 workers had histories
consistent with metal fume fever, although sam-
pling levels were also below the 8 hour PEL.%®%?
The American Conference of Governmental In-
dustrial Hygienists has also noted that metal fume
fever has been reported at levels below 5 mg/m® as
an 8 hour time-weighted average (TWA).58

Taken together, these data support the follow-
ing conclusions: (1) routine real-world welding op-
erations involving galvanized metal can generate
high exposures to zinc oxide fume over a wide
range of levels and the STEL of 10 mg/m® over 15
minutes is likely to be exceeded frequently, even
with standard ventilation or outdoor work; (2)
metal fume fever seems to occur more frequently
than suggested by environmental data showing
compliance with the 8 hour TWA PEL. Two poten-
tial explanations may reconcile these seemingly
conflicting conclusions. Heavy short-term expo-
sures may be responsible for metal fume fever de-
spite low 8-hour levels observed in sampling. For
example, a 0.5 hour exposure to 80 mg/m’ fol-
lowed by 7.5 hours of inactive welding would yield
an 8 hour TWA of 5 mg/m®. Alternatively, expo-
sure even below the 8-hour TWA without heavy
short-term excursions may produce metal fume fe-
ver in certain individuals. The experimental ani-
mal data cited previously demonstrated histologic,
cellular, and pulmonary function effects at the 5
mg/m?® level, casting doubt on the absolute safety of
the current OSHA 5 mg/m?® PEL standard.”

Offsetting these doubts, it must be acknowl-
edged that the relationship of subclinical physio-
logic responses in pulmonary function or asymp-
tomatic cellular and biochemical responses in the
lungs, on the one hand, and the full syndrome of
metal fume fever in humans, on the other, has not
been established. Controlled human exposure data
at levels over a range in descending concentrations
that produce metal fume fever, produce functional
and cellular changes without clinical metal fume
fever, or that are without effect are not available.
Such data would be critical in establishing exposure
limits with greater certainty.

MECHANISMS OF METAL FUME FEVER

It should be stated at the outset that the mech-
anisms underlying zinc-induced metal fume fever
are unknown. Since the experiments of Lehmann,
a variety of hypotheses have been invoked to ex-
plain the mechanism of metal fume fever, includ-
ing theories that zinc may cause cytotoxic protein
release, induce immunologic phenomena, or di-
rectly catalyze reactions.®*##960-63 | ehmann orig-
inally proposed a hypothesis that zinc, through po-
tential cytotoxicity to either the native cells of the
respiratory tract or to bacteria colonizing the air-
ways, caused release of “foreign” proteins that were
absorbed, inducing a febrile response.*? This hy-
pothesis later fell into distavor. It was replaced only
with vague experimentally unsupported theories
that other phenomena, such as formation of im-
mune complexes, underlay fume fever.%%%! Other
researchers have suggested that zinc as well as cer-
tain other metals (such as magnesium), by acting as
semiconductors, may serve to catalyze cellular re-
sponses directly.®® This hypothesis has been sup-
ported by preliminary experimental animal studies
showing a difference in response associated with
zinc oxide fume with and without dopant materials
that would modify its semiconducting potential.
However, these preliminary experiments mea-
sured change in body temperature only and were
apparently not pursued further.

We have hypothesized that metal fume fever
occurs because zinc oxide inhalation stimulates pul-
monary macrophages to synthesize and release cy-
tokines. We believe that this hypothesis provides a
mechanistic explanation for the known clinical and
experimental features of this syndrome, recogniz-
ing that the lung is the target organ in this disorder
and explaining why inhalation is the sine qua non
of metal fume fever.

The possibility that a cytokine plays a role in
metal fume fever was, in effect, studied by Pernis
and coinvestigators,*® who found that prior expo-
sure to endotoxin did not induce tachyphylaxis to
zinc oxide fume in laboratory animal studies. How-
ever, their data do not directly address the relation-
ship between zinc oxide and cytokines, since they
do not exclude the possibility of zinc oxide-medi-
ated cytokine release by a mechanism different
from that of endotoxin.

Cytokines comprise a group of interactive cell-
cell biochemical regulatory signals.®* Among these,
at least two cytokines are important as pyrogens:
tumor necrosis factor (TNF, also known as cachec-
tin) and IL-1, which includes alpha and beta forms
and is known also as endogenous pyrogen.®~%®
TNF and IL-1 can be produced by a variety of cells,
but they are major products of monocytes/
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macrophages, which make up 90% or more of the
cells recovered by BAL in healthy human subjects.
Animal study has shown morphologic and ultra-
structural changes in pulmonary macrophages af-
ter intratracheal injection of zinc oxide, although
biochemical analyses were not performed.®

In addition to acting as pyrogens, apparently
through common prostaglandin-mediated path-
ways in the anterior hypothalamus, TNF and IL-1
also have other important effects on the immune
system, including activation of T cells and facilitat-
ing the adherence and transendothelial passage of
PMNs.”>72 Recent studies also suggest that TNF
and IL-1 may act synergistically to amplify the im-
mune response.”” The precise role of TNF and
IL-1 in direct chemotaxis of PMNs is less clear.”*
However, recent attention has focused on another
interleukin cytokine, 1L-8 (also known as neutro-
phil chemotactic factor).” It has now been shown
that TNF and IL-1 can cause the synthesis and
release of IL-8 from endothelial cells, indicating
again that there is a complex interrelationship
among various cytokines.”®~"8

In addition to its febrile component, a number
of other aspects of metal fume fever are consistent
with the hypothesis that either TNF, IL-1, or both
mediate the syndrome. Metal fume fever is marked
by a latency of at least 6 hours between exposure
and response. The delay between exposure to ex-
ogenous pyrogens, such as lipopolysaccharide, and
the onset of fever is attributed to the time required
for the synthesis and release of TNF or
1L-1.65747980 Thijs pattern of response parallels
the latency seen in metal fume fever. TNF/IL-1
mediated pyrogenesis also demonstrates tachyphy-
laxis, just as is seen with zinc oxide inhalation. A
local pulmonary inflammatory response in metal
fume fever is also consistent with local release of
TNF or IL-1, potentially mediated by IL-8.5%7%7%
In short, these cytokines are known to elicit reac-
tions very similar to metal fume fever. The hypoth-
esis of a pulmonary macrophage-mediated cyto-
kine-induced mechanism for metal fume fever
suggests that the systemic syndrome should be
accompanied by a local inflammatory response
in either the airways, the alveoli, or both. An in-
flammatory response in the airways may be re-
flected by changes in airflow or airway resistance,
effects that have been observed in animal studies
and some human exposures to zinc oxide fume.
An inflammatory response in the gas-exchanging
areas of the lung may be associated with a de-
creased DL, also reported in animal and human
studies. Either airway or airspace inflammation
due to cytokines would be reflected in fluid sam-
pled by BAL, changes that have been reported as
well.

There is also in vitro evidence supporting the
hypothesis that cytokines mediate metal fume fe-
ver. In cell culture systems zinc has been shown to
promote release of cytokines and to potentiate cel-
lular responses to cytokines, including IL-1 and
TNF.2"% Pulmonary alveolar macrophages stud-
ied in vitro from animals exposed to brass dust
display increased phagocytosis and decreased mi-
gration, also consistent with cytokine effects.?* It is
interesting to note that zinc is a normal constituent
of the diet and is essential for a variety of enzymatic
functions, including DNA polymerase.®>~%®

Our hypothesis that cytokines mediate metal
fume fever, although attractive, remains to be vali-
dated experimentally. Human and animal studies
demonstrating that the synthesis and release of cy-
tokines occurs in response to zinc oxide fume expo-
sure and correlates with the fever and inflamma-
tory response that are the hallmarks of this
syndrome have not yet been reported.

OTHER FEBRILE OCCUPATIONAL
ILLNESSES

Zinc oxide fume is not the only cause of an
occupational flulike postinhalation syndrome. Al-
though a lengthy review of these other causes is
beyond the scope of this review, we believe it is
important to place zinc oxide within the context of
the febrile inhalational syndromes.

It may be useful to begin this discussion with
zinc oxide in a form other than freshly generated
fumes. It is stated repeatedly in reviews of zinc-
caused metal fume fever that only such “freshly
formed” zinc oxide fume is capable of inducing the
syndrome, and that zinc oxide per se when inhaled
does not induce such symptoms. After our review
of the literature, we reach a somewhat more cau-
tious conclusion. Clearly, it is distinctly uncommon
for a fume fever reaction to be reported in associa-
tion with zinc oxide dust, but such reactions none-
theless have been well documented. Batchelor et
al.® found that 9 of 24 in a study of zinc oxide
workers heavily exposed to “mature” zinc oxide
dust (dust manufactured from a smeltering process
but handled hours or days after production) did
experience fume fever when first exposed, al-
though not thereafter. Interpreting such mild
symptoms despite heavy exposure, Batchelor et al.
wrote, “Zinc oxide, it should be pointed out,
though very highly dispersed when freshly gener-
ated, rapidly aggregates. Metal fume fever reac-
tions are apparently entirely dependent on the
number of particles which actually reach the alveoli
and actually stay there.” Ironically, Batchelor’s
study is often cited in support of the categorical
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statement that only freshly formed fume is capable
of inducing fever, rather than attributing the effect
to respirable particle size. It seems to have been
overlooked or forgotten that Drinker, in addition
to his other experiments, was also able to produce
human metal fume fever experimentally after the
inhalation of commercially prepared, finely
ground zinc oxide powder in the respirable
range.? Moreover, two cases have been reported
of typical metal fume fever occurring after rotary
wire buffing of galvanized metal tanks where con-
siderable dust was generated but no fresh fume
could have been formed.' Finally, there are ample
experimental animal data, already cited, demon-
strating a marked inflammatory effect after intra-
tracheal installation of zinc or inhalation of respira-
ble brass powder.?5*

It is often stated with equal certitude that, in
addition to zinc, any number of metal oxides can
and do commonly cause metal fume fever. The list
of metals invoked typically includes magnesium,
copper, cadmium, chromium, antimony, tin, and
iron.?*2* Although we would not go so far as to say
that the emperor has no clothes, in this case he is
rather scantily dressed indeed. Of all of this list, the
capacity of magnesium to cause fume fever can be
most strongly supported, since it is the only metal,
other than zinc oxide, to be shown experimentally
to cause metal fume fever.?® After magneiusm,
copper is the next most likely candidate as a poten-
tial cause of metal fume fever. Koelsch®! in 1923
described ten workers with febrile reactions to dust
produced in a copper milling operation, although
he did not present an analysis of the metal dust for
purity (that is, absence of zinc).®’ A more recent
report describes 26 workers symptomatic with typ-
ical fume fever complaints after electric torch cut-
ting “brass” pipes that the authors state “were
known to contain approximately 90% copper and
10% nickel with trace amounts of zinc” but for
which they do not supply further details of how the
metal was analyzed.”? Another report of fume fe-
ver symptoms in a foundry worker exposed to 97%
copper heated to 2000° is more convincing, al-
though other exposures (but not zinc) were poten-
tially involved, including beryllium and volatilized
adhesive.?® There is no single convincing report of
metal fume fever after copper oxide inhalation, but
taking existing reports together such an association
seems at least plausible.

Cadmium presents a nosologic rather than di-
agnostic dilemma. Although cadmium inhalation
can be associated with fever and the term “cad-
mium fume fever” is sometimes used, this designa-
tion is misleading.” Cadmium inhalation causes a
pulmonary reaction that is more aptly categorized a
toxic pneumonitis.”> In contradistinction to zinc-

caused metal fume fever, illness related to cad-
mium inhalation is not self-limited but rather can
be progressive, including pulmonary infiltrates,
hypoxemia, and, in severe cases, ventilatory failure
and death. Although the toxic heavy metal pneu-
monitis after cadmium inhalation can include fever
among its manifestations, it is more appropriate to
consider it an entity much like mercury fume pneu-
monitis to which it bears a much greater clinical
similarity.

There is one intriguing epidemiologic report
of fever among ferrochromium smelters in Zimba-
bwe (then Rhodesia).”® Of the remaining metal
fumes, we have been unable to identify any clinical
or experimental evidence of a fume fever-associ-
ated syndrome after exposure in humans. If such
syndromes do exist, they must be exceedingly un-
common,

In contrast to the scant evidence of nonzinc
metal-associated febrile syndromes, abundant re-
ports are available convincingly documenting the
existence of a self-limited flulike illness, clinically
indistinguishable from metal fume fever, occur-
ring after the inhalation of dusts heavily contami-
nated with thermophyllic bacteria and fungal
spores. A typical exposure scenario involves shovel-
ing damp wood chips, leaves, or silage. This syn-
drome or group of syndromes has been known
previously by several names, including “silo un-
loaders disease” (to distinguish it from silo-filler’s
disease due to nitrogen dioxide) and pulmonary
mycotoxicosis, but is now generally recognized by
the name ODTS.97'% A variety of similar occupa-
tional febrile syndromes also associated with expo-
sure to organic dusts, including mill fever (cotton
or jute dust), heckling fever (flax dust), and grain
fever. The striking similarities between all of these
syndromes and metal fume fever have long been
noted by a number of investigators since Neal and
associate’s'’! landmark epidemiologic and experi-
mental studies of ODTS among rural mattress
makers using stained (contaminated) cotton. The
impression of a striking clinical similarity to metal
fume fever has been reinforced by changes noted
in the BAL fluid of persons with ODTS."%? These
parallel the abnormalities found in fume fever: a
sharp increase in the proportion of PMNs (and
without the lymphocytosis found in hypersensitiv-
ity pneumonitis). A role for cytokines is also sus-
pected in ODTS, although this possible mechanis-
tic link to metal fume fever remains, as of this
writing, speculative.'%*-1%5

A final febrile occupational syndrome similar
to metal fume fever is that of polymer fume fever.
This syndrome, once again identical clinically to
metal fume fever, occurs after exposure to the py-
rolysis products of fluorinated polymers such as
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Teflon.'?®"'% This syndrome typically occurs
when fluorinated polymers are heated to tempera-
tures encountered in routine combustion, with the
majority of cases reported in association with inha-
lation of smoke from cigarettes contaminated with
such polymers. When fluorinated polymers are
burned at higher temperatures, for example
through flame cutting or welding, highly toxic py-
rolysis products are formed causing acute lung in-
jury associated with pulmonary edema, a response
distinct from the fume fever syndrome.'%*!'? Al-
though there has been one isolated case report of
interstitial lung disease associated with prior epi-
sodes of polymer fume fever,''! the condition ap-
pears to be self-limited, as with other fume fever
syndromes. Polymer fume fever has been pro-
duced experimentally in animals, although we are
unaware of human experimentation or detailed
studies of the lung, including BAL, in this condi-
tion.''?

We draw the following conclusions from these
observations on other occupational febrile syn-
dromes: “Freshly formed” zinc oxide fume is not
unique in its ability to cause fever. Aged zinc, if in
the respirable range, can cause fume fever; certain
other metals, although probably not as many as
frequently cited, can act similarly, as can certain
polymer pyrolysis prodcts. ODTS, because of its
marked similarities to metal fume fever, may pro-
vide important mechanistic insights. All of these
syndromes occur after inhalation and when stud-
ied, pulmonary inflammation similar to zinc-
caused metal fume fever has been observed, consis-
tent with a target organ role for the lung in all of
these conditions.

DIAGNOSIS, TREATMENT, AND PREVEN-
TION OF METAL FUME FEVER

In clinical practice any exposure history of
welding or flame cutting zinc-containing or zinc-
coated metals, even briefly, probably represents
sufficient exposure to induce metal fume fever.
Similarly, other work practices involving zinc expo-
sure at or near its boiling temperature (such as
foundry casting but not routine galvanizing) are
clearly capable of inducing metal fume fever. In all
of these situations fume is clearly visible in the air
and is apparent to those exposed. Other work prac-
tices where very finely ground zinc oxide, as op-
posed to fresh fume, is present in the breathing
zone may also be associated with metal fume fever.

The diagnosis of metal fume fever should be
entertained in anyone presenting with a flulike ill-
ness 6 to 24 hours after such exposures. The typical
symptoms are those highlighted in Table 1. In

metal fume fever there are no pathognomonic
symptoms, signs, or laboratory abnormalities. As
noted in Table 2, physical findings are variable;
leukocytosis is the most consistent laboratory find-
ing. A recent case report emphasized the finding of
an elevated serum zinc determination, but this re-
mains to be confirmed in other studies.*?

It is important to bear in mind that other toxic
inhalations can and do occur in foundry or welding
operations. Pulmonary infiltrates, hypoxemia, or
other evidence of pneumonitis should raise suspi-
cion of cadmium exposure or of inhalation of toxic
gases, such as nitrogen dioxide, ozone, or phos-
gene, that can occur in welding operations.'?’
Asthmalike signs or symptoms, although rarely re-
ported after zinc oxide fume exposure, also suggest
alternative exposures, many of which can be re-
lated to foundry work, flame cutting, or welding.

The treatment of metal fume fever is support-
ive and nonspecific, like that of a viral syndrome.
Barring comorbidity or other coexposures, as al-
ready noted, hospitalization for uncomplicated
metal fume fever should not be necessary. We are
unaware of any documented chronic sequelae or
residual effects associated with metal fume fever.
This condition is well known among founders and
welders, and so too are folk remedies, the most
common of which is milk. Even in 1862 Green-
how'® had already noted the use of milk by
foundry workers to prevent or ameliorate the
symptoms of fume fever. Although it bears the
weight of tradition, milk as a treatment for
fume fever has not been examined systemati-
cally. In standard practice, rest, fluids, and analge-
sics are typical recommendations when traditional
health care is sought as a supplement to lay treat-
ment.

It is appropriate to conclude this review of
metal fume fever with a few words on prevention.
It is axiomatic in occupational medicine that the
best approach to preventing disease is the introduc-
tion of process changes eliminating or reducing
exposures responsible for illness. From the earliest
to the most recent reports of metal fume fever, this
principle has been reiterated time and again. In
welding, where ventilation in field practice is often
less than optimal, personal respiratory protection,
if used appropriately, offers a good alternative to
the preferable choice of process change. Recent
animal studies, as we noted earlier, do raise ques-
tions as to whether current workplace standards,
even if adhered to, are sufficient to preclude possi-
ble effects from lower level zinc oxide fume inhala-
tion. Although this may be clarified by further
study, it is fairly safe to state that even the introduc-
tion of the most rudimentary ventilation and respi-
ratory protection would prevent most cases of
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metal fume fever, at present an inexcusably fre-
quent, albeit benign, condition.

The authors would like to acknowledge the kind help of
Dr. Ruth Friedlander, Dr. Michael Radivilov and Dr.
Sema Radivilova for translation assistance. This work
was supported in part by NHLBI Program Project Grant
HL-24136 and NIOSH Special Emphasis Career Award
KO01OHO00079.

10.

11.

12.

13.

14.

15.

16.

17.

REFERENCES

. National Institute for Occupational Safety and Health. Oc-

cupational exposure to zinc. Washington, DC: US De-
partment of Health Education and Welfare (NIOSH),
1975

. Drinker P, Thomson RM, Finn JL. Metal fume fever: II.

Resistance acquired by inhalation of zinc oxide on two

successive days. ] Ind Hyg 1927;9:98-105

. Callender GR. Acute poisoning by the zinc and antimony

content of limeade prepared in a galvanized iron can.
Milit Surg 1937;80:67-71

. Murphy JV. Intoxication following ingestion of elemental

zinc. JAMA 1970;212:2119-20

. Brocks A, Reid H, Glazer RG. Acute intravenous zinc poi-

soning. Br Med J 1977;212:1390-1

. Drinker P. Certain aspects of the problem of zinc toxicity. J

Ind Hyg 1922;4:177-97

. Occupational Safety and Health Administration. Air con-

taminants—permissible exposure limits. OSHA 3112.
Washington: US Department of Labor, 1989

. Blount BW. Two types of metal fume fever: mild vs. seri-

ous. Milit Med 1990;155:372-7

. Schenker MR, Speizer FE, Taylor JO. Acute upper respi-

ratory symptoms resulting from exposure to zinc chlo-
ride aerosol. Environ Res 1981;25:317-324

Brown RFR, Marrs TC, Rice P, Masek LC. The histopa-
thology of rat lung following exposure to zinc oxide/
hexachlorethane smoke or instillation of zinc¢ chloride
followed by treatment with 70% oxygen. Environ Health
Perspect 1990;85:81-7

Rohrs LC. Metal fume fever from inhaling zinc oxide.
Arch Intern Med 1957;100:44—-8

Litovitz TL, Martin TG, Schmitz B. 1986 annual report of
the American Association of Poison Control Centers Na-
tional Data Collection System. Am ] Emerg Med
1987;5:405-45

Litovitz TL, Schmitz B, Matunyas N, Martin TG. 1987
annual report of the American Association of Poison
Control Centers. Am ] Emerg Med 1988;6:479-515

Litovitz TL, Schmitz B, Holm KC. 1988 annual report of
the American Association of Poison Control Centers Na-
tional Data Collection System. Am ] Emerg Med
1989;7:495-545

Division of Labor Statistics and Research: Occupational
Disease in California 1982. San Francisco: State of Cali-
fornia Department of Industrial Relations, 1984

Division of Labor Statistics and Research: Occupational
Disease in California 1982. San Francisco: State of Cali-
fornia Department of Industrial Relations, 1987

Thackrah CT. The effects of arts, trades, and professions,
and of civic states and habits of living on health and
longevity, 2nd ed. London: Longman, Rees, Orme,
Brown, Green, and Longman, 1832:101-2

. Greenhow EH. On brass-founders ague. Med Chir Trans

1862;54:177-87

. Perry SH. The diseases common to brassworkers. Birm

Med Rev 1903;1:372-89

. Sigel J. Das Giesfieber und seine Bekamfung der Verhalt-

nisse in Wuttemberg. Vierteljahrsschrift fur gerichtliche

21.

22.
23.
24.
25.
26.
27.

28.

29.
30.
31.

32.

36.
37.

38.
39.
40.
. Malo JL, Cartier A. Occupational asthma due to fumes of
42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

Medizin und offentliches Sanitatswesen (Berl) 1906;32
Part I):174-87

Ramazzini B. De morbis artificum. (Diseases of workers:
The Latin text of 1713 revised with translation and notes
by Wilmer Cave Wright.) Chicago: University of Chi-
cago Press, 1940

Patissier P. Traite des maladies des artisans. Paris: J-B
Bailliere, 1822:32—4

Hunter D. The diseases of occupations, 6th ed. London:
Hodder and Stoughton, 1978:405-11

Meuller EJ, Seger DL. Metal fume fever—a review. ]
Emerg Med 1985;2:271-4

Hoover HC, Hoover LH. Gerogius Agricola: de re metal-
lica, translated from the first Latin edition of 1556. New
York: Dover Publications, 1950:112—113, 354, 408-410

Turner JA, Thompson LR. Health hazards of brass
foundries. Pub Health Bull 1925;157:1-71

Raine JWE. Metal fume fever. NZ Med ] 1948;47:24-8

Farrell F]. Angioedema and urticaria as acute and late
phase reactions to zinc fume exposure, with associated
metal fume fever-like symptoms. Am ] Ind Med
1987;12:331-7

Kawane H, Soejima R, Umeki S, Niki Y. Metal fume fever
and asthma. (Letter.) Chest 1988;93:116

Fishburn CW, Zenz C. Metal fume fever: report of a casc.
Occup Med 1969;11:142—4

Kuh JR, Collen MF, Kuh C. Metal fume fever. Perm
Found Med Bull 1946;4:145-51

Volgelmeier C, Konig G, Bencze K, Fruhman G. Pulmo-
nary involvement in zinc fume fever. Chest 1987;
92:946-8

. Papp JP. Metal fume fever. Postgrad Med 1968;43:160-3
. Jaremin B. Clinical picture of the “zinc fever.” Biul Inst

Med Mosk Gdan 1973;24:233-42

. Noel NE, Ruthman JC. Elevated serum zinc levels in metal

fume fever. ] Emerg Med 1988;6:609-10

Anseline P. Zinc-fume fever. Med J Aust 1972;2:316-8

Heydon JL: Metal fume fever (Lett.) NZ Med | 1990;
103:52

Swiller AL, Swiller HE. Metal fume fever. Am | Med 1957;
22:173—4

Malo J-L, Malo J, Cartier A, Dolovich J. Acute lung reac-
tion to zinc inhalation. Eur Respir ] 1990;3:111—4

Brown JJL. Zinc fume fever. Br J Radiol 1988;61:327-9

galvanized metal. Chest 1987;92:375-7

Lehmann KB. Studien uber technisch und hygienisch
wichtige Gase und Dampfe. XIV. Das giess-oder Zinkfie-
ber. Arch Hyg 1910;72:358-81

Sturgis CC, Drinker P, Thomson RM. Metal fume fever: I.
Clinical observations on the effect of the experimental
inhalation of zinc oxide. ] Ind Hyg 1927;9:88-97

Bernstein AE. (Brassfounders’ Ague) [Russian] Gigiena
Truda 1925;7:17-41

Blanc PD, Bigby B, Bernstein MS, et al. The role of the
lung in metal fume fever. [Abstr.] Am Rev Respir Dis
1990;141:A594

Drinker P, Thomson RM, Finn JL. Metal fume fever:
threshold doses of zinc oxide, preventive measures, and
the chronic effects of repeated exposures. J Ind Hyg
1927:9:331-45

Drinker KR, Drinker P. Metal fume fever: V. Results of
the inhalation by animals of zinc and magnesium oxide
fumes. J Ind Hyg 1928;10:56-70

Schmidt-Kehl L. Wie kann zinkoxyd bei einatmung fieber
crzeugen? Zentralb Gewerbehyg Unfallverhut 1928;
5:272-3

Pernis B, Vigliani EC, Cavagna G, Finulli M. Endogenous
pyrogen in the pathogenesis of zinc-fume fever. Clin
Lav 1960;51:579-586

Conner MW, Flood WH, Rogers AE, Amdur MO. Lung
injury in guinea pigs caused by multiple exposures to
ultrafine zinc oxide. J Toxicol Environ Health 1988;
25:57-69

Lam HF, Conner MW, Rogers AE, et al. Functional and
morphologic changes in the lungs of guinea pigs ex-

223

Downloaded by: Stephen B. Thacker CDC Library. Copyrighted material.



224

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.
62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

SEMINARS IN RESPIRATORY MEDICINE—VOLUME 14, NUMBER 3, MAY 1993

posed to freshly generated ultrafine zinc oxide. Toxicol
App! Pharmacol 1985;78:29-38

Lam HF, Chen LC, Ainsworth D, et al. Pulmonary func-
tion of guinea pigs exposed to freshly generated ul-
trafine zinc oxide with and without spike concentrations.
Am Ind Hyg Assoc J 1988;49:333—41

Hirano S, Higo S, Tsukamoto N, et al. Pulmonary clear-
ance and to zinc oxide instilled into the rat lung. Arch
Toxicol 1989;63:336—42

Thomson SM, Burnett DC, Bergman JD, Hixon CJ. Com-
parative inhalation hazards of aluminum and brass pow-
ders using bronchopulmonary lavage as an indicator of
lung damage. J Appl Toxicol 1986;6:197-209

Centers for Disease Control. NIOSH Recommendations
for Occupational Safety and Health Standards Septem-
ber 1986. MMWR 1986;35:1s—-33s

American Conference of Governmental Industrial Hy-
gienists. Documentation of the Threshold Limit Values
and Biological Exposure Indices. 5th ed. Cincinnati:
American Conference of Governmental Industrial Hy-
gienists, 1986:645-6

National Institute for Occupational Safety and Health.
Criteria for a recommended standard: welding, brazing
and thermal cutting. Cincinnati: U.S. Department of
Health and Human Services, 1988

National Institute for Occupational Safety and Health.
Health Hazard Evaluation: Neoplan USA Corporation.
HETA 82-061-1152. Cincinnati: NIOSH, 1982

National Institute for Occupational Safety and Health:
Health Hazard Evaluation: E-Z Go Division of Textron
Incorporated. HETA 85-252. Cincinnati: NIOSH, 1985

McCord CP, Friedlander A, Brown WE, Minster DK. An
occupational disease among zinc workers. Arch Intern
Med 1926;37:641-59

McCord CP. Metal fume fever as an immunological dis-
case. Ind Med Surg 1960;29:101-7

Beeckmans JM, Brown JR. Toxicity of catalytically active
zinc oxides. Arch Environ Health 1963;7:90—4

Mori T, Akashi S, Nukada A. Effects of the inhalation of
catalytically active metallic oxide fumes on rabbits. Int
Arch Occup Environ Health 1975;36:29-39

Herrod HG. Interleukins in immunologic and allergic dis-
eases. Ann Allergy 1989;63:269-72

Morimoto A, Nakamori T, Watanabe T, et al. Pattern dif-
ferences in experimental fevers induced by endotoxin,
endogenous pyrogen, and prostaglandins. Am ] Physiol
1988;255:R633—-R640

Dinarello CA, Cannon JG, Wolff SM. New concepts on the
pathogenesis of fever. Rev Infect Dis 1988;10:168—-89

Morimoto A, Sakata Y, Watanabe T, Murukami N. Char-
acteristics of fever and acute-phase response induced in
rabbits by IL-1 and TNF. Am ] Physiol 1989;256:R35~
R41

Bibby DC, Grimble RF. Temperature and metabolic
changes in rats after various doses of tumour necrosis
factor alpha. J Physiol 1989;410:367—-80

Migally N, Murthy RC, Doye A, Zambernard J. Changes in
pulmonary macrophages in rats exposed to oxides of
zinc and nickel. | Submicrosc Cytol 1982;14:621-6

Beutler B, Cerami A. The biology of cachectin/TNF—a
primary mediator of the host response. Annu Rev Im-
munol 1989;7:625-55

Neta R, Oppenheim JJ. Why should internists be inter-
ested in interleukin-1? (Editorial.) Ann Intern Med
1989;109:1-3

Moser R, Schleiffenbaum B, Groscurth P, Fehr J. Interleu-
kin 1 and tumor necrosis factor stimulate human vascu-
lar endothelial cells to promote transendothelial neutro-
phil passage. ] Clin Invest 1989;83:444-55

Wankowicz Z, Megyeri P, Issekutz A. Synergy between
tumour necrosis factor alpha and interleukin-1 in the
induction of polymorphonuclear leukocyte migration
during inflammation. J Leuk Biol 1988;43:349-56

Sauder DN, Moundessa NL, Katz SI, et al. Chemotactic
cytokines: the role of leukocytic pyrogen and epidermal

75.

76.

71.

78.

79.

80.

81.

82.

84.

85.

86.

87.

88.

89.

90.

91.
92.

93.

94.

95.

96.

97.

cell thymocyte-activating factor in neutrophil chemo-
taxis. ] Immunol 1984;132:828-32

Baggiolini M, Walz A, Kunkel SL. Neutrophil-activating
peptide-1/interleukin 8, a novel cytokine that activates
neutrophils. J Clin Invest 1989;84:1045-9

Standiford TJ, Kunkel SL, Basha MA, et al. Human alveo-
lar macrophage induced gene expression of neutrophil
chemotactic factor/interleukin-8 from pulmonary epi-
thelial cells. [Abstr.] Clin Res 1990;38:139A

Larsen C, Zachariae C, Mukaida N, et al. Proinflammatory
cytokines interleukin 1 and tumor necrosis factor induce
cytokines that are chemotactic for neutrophils, T cells,
and monocytes. In: Melli M, Parente L, eds. Cytokines
and lipocortins in inflammation and differentiation.
New York: Wiley-Liss, 1990:419-31

Kunkel SL, Streiter RM, Chensue SW, et al. Tumor necro-
sis factor-alpha, interleukin-8, and chemotactic cyto-
kines. In: Melli M, Parente L, eds. Cytokines and lipo-
cortins in inflammation and differentiation. New York:
Wiley-Liss, 1990:433—44

Arend WP, Gordon DF, Wood WM, et al. IL-1 beta pro-
duction in cultured human monocytes is regulated at
multiple levels. ] Immunol 1989;143:118-26

Burchett SK, Weaver WM, Westall JA, et al. Regulation of
tumor necrosis factor/cachectin and IL-1 secretion in
human mononuclear phagocytes. ] Immunol 1988;
140:3473-81

Winchurch RA, Togo ], Adler J. Supplemental zinc (Zn**)
restores antibody formation in cultures of aged spleen
cells. I1. Effects on mediator production. Eur ] Immunol
1987;17:127-32

Scuderi P. Differential effects of copper and zinc on hu-
man peripheral blood monocyte cytokine secretion. Cell
Immunol 1990;126:391—405

. Tanaka Y, Shiozaka S, Morimoto I, Fujita T. Role of zinc

~ in interleukin 2 (1L.-2)-mediated T-cell activation. Scand
J Immunol 1990;31:547-52

Anderson RS, Gutshall LL, Thomson SA. Responses of rat
alveolar macrophages to inhaled brass powder. | Appl
Toxicol 1988;8:389-93

National Research Council. Zinc. Baltimore: University
Park Press, 1979

Elinder CG. Zinc. In: Friberg L, Nordberg GF, Vouk VB,
eds. Handbook on the toxicology of metals. Volume II:
Specific metals. New York: Elsevier, 1986:664—79

Abdel-Mageed AB, Ochme FW. A review of the biochem-
ical roles, toxicity and interactions of zinc, copper, and
iron: I. zinc. Vet Hum Toxicol 1990;32:34-9

Agget P], Harries JT. Current status of zinc in health and
disease states. Arch Dis Child 1979;54:909-17

Batchelor RP, Fehnel JW, Thomson RM, Drinker KR. A
clinical and laboratory investigation of the effect of me-
tallic zinc, of zinc oxide, and of zinc sulphide upon the
health of workmen. J Ind Hyg 1926;8:322-63

Drinker P, Thomson RM, Finn JL. Metal fume fever: 111.
The effects of inhaling magnesium oxide fume. ] Ind
Hyg 1927;9:187-92

Koelsch F: Metal-fume fever. | Ind Hyg 1923;5:87-91

Armstrong CW, Moore LW Jr, Hackler RL, et al. An out-
break of metal fume fever: diagnostic use of urinary
copper and zinc determinations. ] Occup Med 1983;
25:886-8

Hooper WF. Case report metal fumes fever. Postgrad Med
1978;63:123-7

Anthony JS, Zamel N, Aberman A. Abnormalities in pul-
monary function after brief exposure to toxic metal
fumes. Can Med Assoc J 1978;119:586-8

Frank R. Acute and chronic respiratory effects of expo-
sure to inhaled toxic agents. In: Merchant JA, ed. Occu-
pational respiratory diseases. Washington DC: U.S. De-
partment of Health and Human Services, 1986:571-604

Stoke J. Metal fume fever in ferro-chrome workers. Cent
Afr ] Med 1977;23:25-8

Emanuel DA, Wenzel F], Lawton BR. Pulmonary myco-
toxicosis. Chest 1975;67:293-7

Downloaded by: Stephen B. Thacker CDC Library. Copyrighted material.



METAL FUME FEVER—BLANC, BOUSHEY

98.

99.

100.

101.

102.

103.

104.

May JJ, Stallones L, Darrow D, Pratt DS. Organic dust
toxicity (pulmonary mycotoxicosis) associated with silo
unloading. Thorax 1986;41:919-23

Centers for Disease Control. Acute respiratory illness fol-
lowing occupational exposure to wood chips—Ohio.
MMWR 1986;35:483—4,489-90

Taylor G. Acute systemic effects of inhaled occupational
agents. In: Merchant JA, ed. Occupational respiratory
diseases. Washington DC: U.S. Department of Health
and Human Services, 1986:607-25

Neal PA, Schneiter R, Camanita BH. Report on acute ill-
ness among rural mattress makers using low grade,
stained cotton. JAMA 1942;119:1074-82

Lecours R, Laviolette M, Cormier Y. Bronchoalveolar lav-
age in pulmonary mycotoxicosis (organic dust toxic syn-
drome). Thorax 1986;41:924-6

Ryan LK, Karol MH. Release of tumor necrosis factor
from guinea pig alveolar macrophages following in vitro
exposure to cotton dust. [Abstr.] Am Rev Respir Dis
1990;141:A678

Marchat-Amuroso B, de Rochemonteix-Galve B, Dayet
J-M, Rylander R. Tumor necrosis factor and interleu-
kin-1 in guinea pig lung lavage cells after inhalation of
endotoxin. [Abstr.] Am Rev Respir Dis 1990;141:A423

105.

106.
107.

108.

109.

110.

111.

112.

Von Essen S, Robbins RA, Thompson AB, Rennard SI.
Organic dust toxic syndrome: an acute febrile reaction
distinct from hypersensitivity pneumonitis. Clin Toxicol
1990;28:389—420

Lewis CE, Kerby GR. An epidemic of polymer fume fever.
JAMA 1965;191:375-8

Wegman D, Peters JM. Polymer fume fever and cigarette
smoking. Ann Intern Med 1974;81:55-7

Centers for Disease Control. Polymer-fume fever associ-
ated with cigarette smoking and the use of tetrafluoro-
ethylene-Mississippi. MMWR 1987;36:515-516,521—
522

Robbins JJ, Ware RL. Pulmonary edema from Teflon
fumes. N Engl ] Med 1964;271:360-1

Evans EA. Pulmonary edema after inhalation of fumes
from polytetrafluorethylene (PTFE). | Occup Med
1973;15:599-601

Williams N, Atkinson W, Patchefsky AS. Polymer-fume
fever: not so benign. ] Occup Med 1974;16:519-22

Cavagna G, Funulli M, Vigliani EC. Studio sperimentale
sulla patogenesi della febbre da inalazione di fumi di
Teflon (politetrafluoretilene). Med Lav 1961;52:251-61

225

Downloaded by: Stephen B. Thacker CDC Library. Copyrighted material.



