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Acute hydrogen sulfide poisoning in a dairy farmer
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Introduction. Hydrogen sulfide is a lipid-soluble gas produced in occupational settings and from decaying organic matter. We present a 36-
year-old man who developed acute respiratory arrest from hydrogen sulfide poisoning while performing work as a dairy farmer. Case
report. The subject entered a poorly ventilated tank containing degrading eggs and, within seconds, collapsed. Coworkers were able to
extract him within minutes but he was apneic. He was intubated by emergency medical services and subsequently managed with supportive
care in the intensive care unit. Upon admission, a powerful rotten egg scent was noted and a hydrogen sulfide poisoning was suspected.
Serum analysis for the presence of thiosulfate confirmed the diagnosis. Nitrite therapy was not administered as the subject arrived outside
of the therapeutic window of effectiveness and showed evidence of excellent oxygenation. His examinations following arrival were
consistent with an anoxic brain injury which slowly improved several months after the incident with intensive neuro-rehabilitation.
Discussion. Hydrogen sulfide is a mitochondrial toxin and inhibits cytochrome-aa3 and prevents cellular aerobic metabolism. Therapies for
toxic exposures include removal from the contaminated environment, ventilation with 100% oxygen, and nitrite therapy if administered
immediately after exposure. Hyperbaric oxygen (HBO) therapy has anecdotal support and remains controversial. Conclusion. Hydrogen
sulfide is a significant occupational health hazard. Education, personal protective equipment, and early treatment are important in
improving outcomes.
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Introduction

Hydrogen sulfide (H2S) is a toxic, colorless gas produced by
decaying organic matter in the environment. Specifically, it
occurs with the decay of sulfur-containing proteins and is a
by-product of human and animal waste. It occurs naturally in
crude petroleum, natural gas, volcanic gases, and in wetlands.
Additionally, the compound is produced in a variety of occu-
pational settings such as leather tanning, rubber vulcaniza-
tion, synthetic fabric and paper production, and asphalt
roofing to name a few (1). Despite the prevalence of the sub-
stance in industrial settings, human poisoning from H2S
exposures is uncommon.

When H2S gas is inhaled it is rapidly absorbed through the
alveolar-capillary membrane. It initially distributes to brain,
liver, kidney, gut, and pancreas (2). Its toxicities occur

through a mechanism similar to that of cyanide poisoning in
that it competitively inhibits the cytochrome-aa3 enzyme,
thereby interrupting oxidative phosphorylation and cellular
aerobic metabolism. The onset of action is rapid and causes
the patient to experience acute oxygen deprivation or
asphyxia described as histotoxic hypoxia (3). In addition,
hydrogen sulfide gas is an irritant to the skin and mucosal
membranes.

Therapy for acute hydrogen sulfide poisoning has tradi-
tionally been mechanical ventilation with 100 percent oxy-
gen and supportive care. Nitrite therapy is helpful if given
early but has little utility if delayed more than ten minutes
after exposure. Hyperbaric oxygen therapy has a strong
theoretical benefit in reversing the cellular anoxia caused
by hydrogen sulfide poisoning. However, the documented
benefit of hyperbaric oxygen treatment remains largely
anecdotal at this time and it has not become the standard
of care.

Given the prevalence of H2S in industrial activities, it
presents a significant public health hazard. According to
the American Association of Poison Control Centers’
annual report, there were 1,980 reported exposures in
2004. Of these cases, 375 were treated in a health care
facility; nine had major morbidity from the exposure, and
two died (4).
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Case report

A 36-year-old man was working the late shift at a rural, cor-
porate dairy farm in western Washington state. He had no
significant past medical history and was on no medications at
the time. He also was a non-smoker and had no history of
alcohol or drug abuse. His job that evening was to partially
clean a 50,000-gallon tank containing eggs that were not suit-
able for commercial use, and he had not done this job before.
For unclear reasons, the tank did not have adequate ventila-
tion at the time and personal protective equipment (PPE) was
not used. Roughly thirty seconds after entering the tank
through a small passageway at its base, he collapsed uncon-
scious. Coworkers were nearby and managed to extract him
after about five minutes. Three additional coworkers had
brief inpatient hospital care due to exposure to hydrogen sul-
fide gas with no reported adverse effects.

He had no spontaneous respirations and CPR was per-
formed following extraction. He was intubated emergently
when paramedics arrived (roughly 10 to 20 minutes after
exposure). He was directly admitted to the ICU on arrival to
the hospital, about 45 to 60 minutes following exposure.

On arrival, he had a notable scent of “rotten eggs.” He was
placed on mechanical ventilation with 100 percent oxygen.
Initial physical exam showed a temperature of 99.3 F, blood
pressure 160/101, heart rate in sinus tachycardia at 141 bpm,
and ventilated at 14 breaths per minute. He was not over-
breathing the ventilator. He had a gag reflex with suctioning
through the endotracheal tube. He had no spontaneous eye
opening and withdrew his extremities to pain. Neurologic
exam also showed spontaneous decerebrate posturing and
upgoing toes bilaterally. He had minimal ocular involvement
limited to local irritation.

Patient laboratory and radiological data were obtained after
initial resuscitation. The patient had a mild lactic acidosis of
2.3 mmol/L (upper limit of normal is 2.2 mmol/L). This lactic
acidosis trended downward and normalized over the next
day. His arterial blood gas on 100 percent oxygen was pH
7.39, PaCO2 42, PO2 273, bicarbonate 24.4, base deficit of
0.6, and SaO2 100%. A methemoglobin level and carboxyhe-
moglobin level were checked, and both were negative. A
blood thiosulfate level (to document sulfide exposure) was
drawn on arrival (approximately 3 hours after exposure), with
results not available until one week later; the thiosulfate level
was elevated at 3.1 μg/mL (upper limit of normal is 2.0 μg/mL).
Results of routine complete blood count and chemistry panels
were unremarkable. A chest radiograph obtained upon arrival
to the ICU revealed mild pulmonary edema, which was man-
aged with positive pressure ventilation and careful volume
management, and rapidly resolved over the initial 24 hours.
He had no late or long term sequale from his acute lung
injury. A brain MRI with diffusion-weighted imaging
obtained on hospital day 2 showed areas of restricted diffu-
sion in the left superior cerebral hemisphere and in the left
basal ganglia and thalamus, consistent with acute CNS toxic-
ity from high level exposure to hydrogen sulfide (3).

Since the patient had adequate evidence of tissue oxygen-
ation and only a minimal lactic acidosis, nitrite therapy was
not initiated for treatment of the hydrogen sulfide poisoning.
The local hyperbaric oxygen center was contacted and, for
similar reasons, HBO therapy was not pursued. He was man-
aged with supportive care in the intensive care unit. His neu-
rological exam showed gradual improvement, with
progression from decerebrate to decorticate posturing and
evidence of spontaneous eye opening over the next several
days. The patient’s family wished to proceed with full care,
and a tracheostomy and PEG tube were placed. On hospital
day 10, he was transferred to a neurological rehabilitation
unit for continued treatment of the anoxic brain injury.

Discussion

The chemistry of hydrogen sulfide has been studied for sev-
eral hundred years. In the 1800s, the Dutch pharmacist Petrus
Johannes Kipp developed the “Kipp Generator” which facili-
tated the generation of hydrogen sulfide for scientific study
(5). Hydrogen sulfide has a chemical structure similar to that
of water. However, the compound is not nearly as polar as
water due to electronegativity differences between the sulfur
and oxygen atoms. As such, the melting and boiling points of
hydrogen sulfide, as well as its chemical properties, are much
different than those of water.

The toxicity of hydrogen sulfide on the body occurs as a
result of inhibiting oxidative phosphorylation. It is a known
inhibitor of cytochrome-aa3 and is a more potent inhibitor
than cyanide (3, 6). Because of the inhibition of cellular oxy-
gen metabolism, it causes anaerobic respiration with a result-
ant metabolic acidosis and cytotoxic anoxia. Additionally,
being an irritant gas, it can cause direct irritation to the skin
and mucosal surfaces.

The effects of hydrogen sulfide exposure on the body vary
with the concentration and duration of exposure. Concentra-
tion of the gas is far more important in determining toxicity
than is the duration of exposure. This has been well studied,
and the dose-response curve is quite steep (7). At levels of
0.003 ppm, olfactory perception of ambient hydrogen sulfide
is possible, and the characteristic “rotten egg” scent is per-
ceptible at 3 to 30 ppm (8). The detection of hydrogen sulfide
by scent is only possible at very low concentrations; how-
ever; at concentrations above 100 ppm, the gas causes imme-
diate olfactory paralysis after which odor perception is no
longer possible (9). Thus, at levels above 100 ppm, toxicity
can continue without the patient being aware.

Also at lower concentrations, a keratoconjunctivitis or “gas
eye” can occur, which is a superficial inflammation of the
cornea and conjunctiva. Keratoconjunctivitis has frequently
been seen in industrial workers at sour gas plants who are
routinely exposed to low concentrations of hydrogen sulfide
(10). The keratoconjunctivitis is often associated with color
distortion and visual changes. These changes are reversible
after removal from the exposure.
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At levels up to 250 ppm, pulmonary symptoms including
bronchospasm and acute lung injury, as well as nausea and
vomiting can occur. At a concentration of 500 ppm, the
patient can have systemic symptoms such as hypotension or
confusion, as well as alveolar hemorrhage and acute alveoli-
tis (11). At ambient concentrations above 750 ppm, apnea,
asphyxial seizures, and death can occur after only one breath
(12). Given the rapid onset of respiratory arrest in our patient,
we believe that the concentration he was exposed to was in
excess of 750 ppm.

Hydrogen sulfide has a propensity to affect the lungs and
brain as primary targets in the body. During the acute phase
of exposure, acute lung injury is commonly seen on chest
radiography. The venous PO2 may transiently increase as
well, due to the inhibition of cytochrome-aa3 and impaired
cellular utilization of oxygen (13). Other common pulmonary
sequelae include cough, chest tightness, and hemoptysis. Our
patient manifested evidence of mild pulmonary toxicity based
on adequacy of oxygenation and rapid improvement of his
pulmonary edema on serial chest radiographs. Neurologic
symptoms may include dizziness, confusion, headache, pupil
dilatation, and somnolence, along with direct cytotoxic inju-
ries to the brain (14). Our patient’s brain MRI findings did
support the presence of direct injury to the CNS secondary to
high level toxic exposure to hydrogen sulfide gas (3).

There is evidence to support that, at very high concentra-
tions, hydrogen sulfide is selectively taken up in the lipo-
philic white matter centers of the brainstem (15). This
selective uptake would concentrate the toxic effects of hydro-
gen sulfide on the brainstem respiratory centers, thereby
explaining the acute apnea seen with inhalation at levels
above 750 ppm.

Detoxification and elimination of hydrogen sulfide from
the blood is clearly important in limiting patient injury. The
elimination of sulfide occurs through its oxidation to sulfates,
incluiding thiosulfate, and other sulfur compounds. Oxyhe-
moglobin, and to a certain extent methemoglobin, catalyzes
this oxidation reaction (16). Pulmonary excretion of toxic
hydrogen sulfide or metabolic by-products has not been
described (17). The excretion of the nontoxic sulfate and sul-
fur compounds is primarily through the kidneys (18).

It has been proposed that therapy should be directed at
three targets to minimize the toxic effects of hydrogen sul-
fide: promoting permanent detoxification of sulfide in the
body, competitively inhibiting the sulfide-cytochrome-aa3
interaction, and minimizing post-insult tissue damage (19).
The theory behind nitrite therapy for hydrogen sulfide expo-
sure rests on the fact that the methemoglobinemia induced by
nitrites binds hydrogen sulfide and limits its toxic effect on
tissues. Nitrites cause the formation of methemoglobin,
which has been shown to have a higher affinity for the hydro-
gen sulfide molecule than cytochrome-aa3, thereby binding it
more avidly and freeing the cytochrome-aa3 enzyme to
resume aerobic cellular metabolism (20). In this manner,
the methemoglobin competitively inhibits the sulfide-
cytochome-aa3 chemical interaction.

Additionally, the methemoglobin-hydrogen sulfide com-
plex is long lived in the body and acts to sequester the hydro-
gen sulfide molecule while it is awaiting oxidative
detoxification (21). Some have also shown that the methemo-
globin acts as a better oxidation catalyst in detoxifying sul-
fide than normal oxyhemoglobin (22).

Inhalational nitrite therapy utilizing inhaled amyl nitrite
is available for immediate intervention in the absence of
intravenous access. If intravenous access is available, infu-
sion of 0.33 mL/kg of 3% sodium nitrite (with a maximum
of 10 mL), is given over 4–5 minutes (23). It is not neces-
sary to give both inhalational and intravenous nitrites. Side
effects of nitrite administration include nausea and vomit-
ing, headache, and hypotension, but these effects can be
minimized by slowing the rate of infusion to be given over
15 to 20 minutes (24).

Nitrites must be given soon after exposure due to the short
lifespan of sulfide in oxygenated blood. It is recommended
that nitrite therapy be given within the first few minutes after
exposure (25, 26). This narrow window limits the utility of
nitrite therapy to settings where hydrogen sulfide exposure is
a known possibility, as in various occupational settings men-
tioned above, or in cases where rapid medical attention is
possible. Additionally, the benefit of the nitrite-induced
methemoglobinemia in sulfide-exposed patients must be
weighed against the adverse effect methemoglobin has in
adding to the body’s anoxic burden. Since methemoglobin
prevents normal hemoglobin from releasing oxygen to the tis-
sues, a methemoglobinemia may worsen the degree of anoxia
to oxygen-starved tissues.

Hyperbaric oxygen (HBO) therapy has shown promise in
treating sulfide-exposed patients as well, though at this
time its utility is largely anecdotal. The theory behind HBO
use rests on competitively inhibiting the sulfide-
cytochrome-aa3 interaction. Oxygen competes with hydro-
gen sulfide for binding sites on cytochrome-aa3. HBO
therapy saturates tissues with oxygen and favors the
cytochrome-aa3-oxygen interaction over the cytochrome-
aa3-sulfide interaction. Furthermore, in patients who have a
significant acidosis secondary to anaerobic metabolism that
occurs following a hydrogen sulfide exposure, HBO ther-
apy improves oxygenation to these tissues and, theoreti-
cally, limits damage (27).

HBO therapy is also theoretically beneficial when used in
conjunction with nitrite therapy since it can limit tissue
anoxic damage that is caused by a nitrite-induced methemo-
globinemia. However, laboratory studies that have analyzed
nitrite and HBO therapy as treatment of hydrogen sulfide poi-
soning have done so in controlled laboratory settings and
have no practical corollaries to patient clinical scenarios. For
example, in one study, sodium nitrite and HBO therapy were
given within two minutes of the sulfide exposure (28). In
most clinical settings, nitrite therapy is delayed until EMS
arrives or until transport to the nearest medical facility, and
HBO therapy can be delayed many hours beyond that simply
due to resource availability.
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For our patient, neither nitrite nor HBO therapy was
given. The patient arrived to our hospital an estimated 45
to 60 minutes after exposure, well outside of the window
recommended for administration of nitrites. He had a min-
imal lactic acidosis that resolved over the first night of
admission. He did not have evidence of hypoxic damage to
organs other than the brain (i.e., no cardiac dysrhythmias),
and all parameters suggested that his tissue oxygenation
was excellent. After extensive discussion with the local
HBO center, it was not clear what benefit there would
have been in instituting HBO therapy. The decision made
to withhold HBO therapy was based on the subtle
improvement in the patient’s neurologic examination and a
concern for the risk of air evacuation transport possibly
causing a worsening in his oxygenation status by either
loss of his controlled airway or exposure to altitude during
transport.

Two months following exposure, we received an encour-
aging letter from the patient’s wife documenting his progress.
She stated that “he has learned to walk, but still has problems
with balance…his speech is getting better every day…he can
also read, but not at the level he used to…he’s learned to eat
though his feeding tube is still in…[he] will be coming home
in three to four weeks.”

Conclusions

Hydrogen sulfide is a significant industrial health hazard as
it is produced extensively in nature as well as in many com-
mon occupational settings. It has a characteristic odor that is
only perceptible at very low concentrations. Its effects on
the body have a steep dose-response curve, with respiratory
arrest and death occurring quickly when inhaled at high
concentrations. While supportive care is a cornerstone of
therapy, nitrite and HBO are also available if administered
rapidly following hydrogen sulfide exposure. Further
research is needed to help clarify the role HBO therapy
plays in treating hydrogen sulfide poisoning. Education for
workers, the use of personal protective equipment, physi-
cian awareness, accurate diagnosis, and early treatment are
all crucial in improving the outcome in cases of high level
toxic exposures.
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