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Acute Inhalation Exposure
to Titanium Ethanolate as
a Possible Cause of Metal

Fume Fever
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Abstract

Occupational inhalation exposure to noxious agents is not uncommon. Herein, we present a
26-year-old male student who had accidental acute inhalation exposure to a large quantity of
titanium ethanolate and hydrogen chloride in chemistry lab. He was referred to the emergen-
cy department of our hospital with low-grade fever, dyspnea, headache, fatigue and myalgia.
After 24 hrs of symptomatic treatment (oxygen therapy and acetaminophen), the fever was
subsided and the patient discharged home in a good clinical condition. The presented symp-
toms could be interpreted as a form of metal fume fever. It can therefore be concluded that
organo-metallic compound of titanium metal may have the potential to produce metal fume

fever in human.
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Introduction

itanium ethanolate [T1(CH CH,0) ]

is a colorless liquid that reacts with

water in an exothermic reaction to
produce free toxic and flammable gases
(moisture sensitive).? It is soluble in hy-
drocarbons and ethanol and reacts with
other alcohols, ketones, esters, and car-
boxylic acids.? Titanium ethanolate can
be prepared via a number of different syn-
thetic procedures. The most common route
of its production is when a metal halide is
reacted with alcohol in the presence of an
amine.3 Titanium ethanolate is used in or-
ganic synthesis, materials science, and ole-
fin polymerization.+ According to MSDS,
inhalation of titanium ethanolate vapor

may cause fatigue, drowsiness, dizziness
and vertigo. Inhalation of a high concen-
tration of the gas would cause lung irrita-
tion and subsequent cough, nausea, de-
pression of the central nervous system,and
headache.’

Metal fume fever is an acute toxic-
ity caused by inhalation of metal oxide
fumes.® Zinc and copper are known to be
the most common metals responsible for
metal fume fever.” Oxides of cadmium,
mercury, aluminum, antimony, selenium,
iron, magnesium, manganese, chromium,
arsenic, nickel, silver, and even tin have
also been implicated.®” Herein, we report
on a case of acute inhalation exposure to
titanium ethanolate that probably caused
metal fume fever.
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Case Presentation

A 26-year-old male student had accidental
acute inhalation exposure to a large quan-
tity of titanium ethanolate and hydrogen
chloride while mixing titanium chloride
with ethanol. According to his record, at
the time of mixing, a thick white vapor
suddenly came out of the solution and he
was exposed to a large quantity of the va-
por for two hours. His symptoms began
3—4 hrs post-exposure. He did not get
better and was referred to the emergency
department of Loghman Hakim Hospital,
Tehran, Iran,24 hrs after the exposure.

On arrival, the patient complained of
low-grade fever, dyspnea, headache, fa-
tigue, and myalgia. He had blood pressure
of 100/70 mmHg, respiratory rate of 20/
min, pulse rate of 80/min, oral tempera-
ture of 38 °C. Other vital signs were nor-
mal. Chest x-ray and physical examina-
tion of the lungs were normal. Routine lab
tests were normal; there was only a slight
increase in serum alanine transaminase
(ALT).

After 24 hrs of symptomatic treat-
ment with oxygen and intravenous acet-
aminophen (1000 mg in 200 mL normal
saline),the fever was subsided, respiratory
symptoms were alleviated, and the patient
discharged home in a good clinical condi-
tion.

Discussion

This case describes an acute intoxication
by a large quantity of titanium ethanolate
and hydrogen chloride gas after the follow-
ing reaction of titanium tetrachloride with
ethanol.®

4 CH,CH,OH + TiCl —Ti(CH,CH,0), + 4 HCI

Titanium tetrachloride is a highly
volatile pale yellow liquid.® Its immedi-
ate hydrolysis after contact with water or
water vapor produces fumes that include
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titanium oxychloride,titanium hydroxide,
titanium dioxide, and hydrochloric acid,
which can cause lung injury.®

For lack of moisture in the air of the lab-
oratory where our patient was working in,
the hydrolysis of titanium tetrachloride is
very unlikely. The patient was mixing tita-
nium tetrachloride with ethanol where in
a fast chemical reaction, titanium ethano-
late was produced; an appreciable amount
of titanium oxide was also produced,
however,it is unlikely that it would cause
intoxication.®

Titanium ethanolate is liquid under
normal conditions. Nonetheless, since the
temperature was not controlled by the pa-
tient, the exothermic reaction resulted in
vaporized titanium ethanolate.?

Chest roentgenogram and clinical ex-
amination were normal; the patient had
only minor difficulty with respiration.
The dyspnea may be due to inhalation of
high volume of free hydrogen chloride va-
por which is a well-known irritating sub-
stance.’ Titanium ethanolate is also known
for its irritating properties to the respira-
tory system.5

The acute exposure to titanium ethano-
late vapor may also be responsible for the
low-grade fever, headache, fatigue, and
myalgia. There are reports that titanium
can cause metal fume fever.5”

Metal fume fever causes flu-like symp-
toms including fever, headache, fatigue,
malaise, mild arthralgias, myalgias, chills,
thirst, nausea, vomiting, and chest sore-
ness.®” Since the symptoms of metal fume
fever are similar to those of flu and lung
injury, its diagnose is difficult. Chest ra-
diography, pulmonary function tests, and
history taking may help us to manage the
patient better.® Considering the lab find-
ings and clinical examination, it is very
unlikely that the fever in our patient had
an infectious origin. On the other hand,
the symptoms of metal fume fever usu-
ally start 3—10 hrs of exposure and peak 18
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hrs of the exposure.®'® Recovery generally
occurs without treatment within 24 to 48
hrs, but complete recovery may take four
days.® The symptoms of our patient began
3—4 hrs after the exposure and were re-
lieved after 36 hrs of the exposure.

Based on all these observations, we be-
lieve that metal fume fever was a likely di-
agnosis for our patient. If that was correct,
it can therefore be concluded that organo-
metallic compound of titanium metal may
have the potential to produce metal fume
fever in human.

Metal fume fever is defined as an ill-
ness caused by inhalation of metal oxide
fumes. However, it seems that it might
be happened after inhalation of vapors of
some organic compound containing metal
(eg, titanium) too. This would warrant the
need to redefine the term “metal fume fe-

”»
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