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ABSTRACT

Introduction: Ingestion of fireworks has been infrequently reported in the medical literature. We describe a case of acute bar-
ium poisoning following firework ingestion.

Case Report: A 35-year-old male with a history of severe mental retardation presented with vomiting and diarrhea following
ingestion of 16 small fireworks (“color snakes” and “black snakes”). His condition rapidly deteriorated and he developed obtunda-
tion, wide complex dysrhythmias, and respiratory failure. Approximately 12 hours following ingestion, his serum potassium level
was 1.5 mmol/L with a serum barium level of 20,200 ng/mL (reference range <200 pg/L). The patient eventually recovered with ven-
tilatory support and potassium supplementation.

Discussion: Although firework ingestion is uncommon, clinicians should be prepared for potentially severe complications. In
the case of barium poisoning, treatment consists of potassium supplementation, along with respiratory and hemodynamic support.

INTRODUCTION

Fireworks are a widely-recognized source of preventable injury, particularly in children [1,2]. Though blast injuries and burns are
commonly encountered, toxicity from ingestion of fireworks has rarely been reported. Since fireworks contain a number of hazardous
substances including chlorates, nitrates, and various metals, ingestion can potentially cause significant poisoning. Barium chlorate
is frequently used in fireworks and other pyrotechnics, producing a green color on ignition. While prior cases of firework ingestion
have resulted in poisoning from arsenic and elemental phosphorus [3,4], barium poisoning from firework ingestion has not been
previously described.

Barium poisoning causes rapid hypokalemia, resulting in cardiac dysrhythmias, muscles weakness, and respiratory failure [5-10].
Rhabdomyolysis and increased lactate levels have also been observed [5,7,8,10]. Most barium salts are well absorbed from the gas-
trointestinal tract; barium sulfate used in oral radiographic contrast is insoluble and therefore not absorbed. In this article, we re-
port a case of life-threatening barium toxicity following the ingestion of consumer fireworks.

CASE REPORT

A 35 year-old male presented to a local emergency department (ED) with diarrhea and severe, repetitive vomiting. He was a long-
term nursing home resident due to severe mental retardation. Medical history also included a seizure disorder, osteoporosis, and a
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prior left nephrectomy. Approximately 2 hours prior to presen-
tation, nursing home staff witnessed the patient consume 16
small fireworks, labeled as “color snakes” and “black snakes” (Fig-
ure 1). According to staff members, he likely mistook the fireworks
for chewing gum. The patient was referred to the local ED follow-
ing consultation with the regional poison control center.

On arrival his vital signs were as follows: temperature 36.6°C
(97.9°F), heart rate 104 bpm, blood pressure 135/93 mmHg, respi-
ratory rate 24 bpm and a room air SpO2 of 97%. His physical exam
was unremarkable. He was combative and uncooperative with as-
sessment, but this behavior was normal per accompanying nurs-
ing home staff. His initial lab values were notable for hypokalemia
(2.1 mmol/L), leukocytosis (WBC 27.2 k/mm*) and hemoconcen-
tration (hematocrit, 55.6%). An abdominal radiograph showed
multiple, radio-opaque fragments within the stomach. The regional
poison control center was consulted again about these findings.
Based on the radiograph report, whole bowel irrigation with a
polyethylene glycol solution was recommended. In addition,
since a case of arsenic toxicity from ingestion of this type of fire-
work [3] was reported in the POISINDEX database (Thomson
Healthcare, Greenwood Village, CO), empiric treatment with
dimercaprol was also advised.

Figure 1: Packaging of ingested fireworks.

210 JOURNAL OF MEDICAL TOXICOLOGY

VOLUME 5, NUMBER 4

The patient did not tolerate whole bowel irrigation via a na-
sogastric tube due to continued vomiting. Antiemetic use was
not documented. The initial hospital did not stock dimercaprol
in its pharmacy, nor could any be obtained from nearby facili-
ties. As a result, the patient was transferred to a regional tertiary
referral center. While waiting for air transportation (approxi-
mately 6 hours postingestion), the patient had a 90-second
episode of ventricular tachycardia associated with a blood pres-
sure of 80/40 mmHg. The patient’s mental status remained at
baseline during this event. The ventricular tachycardia reverted
to a normal sinus thythm without intervention; blood pressure
improved following a 500-mL intravenous (IV) bolus of normal
saline. During air transport, another brief episode of wide com-
plex tachycardia occurred. This episode also resolved spon-
taneously; documented vital signs during transport were all
normal.

The patient arrived at the receiving center’s intensive care
unit approximately 12 hours postingestion. At this time, he
was obtunded and minimally responsive to stimulation. Vital
signs noted a temperature of 37.4°C, heart rate of 117 bpm,
blood pressure of 132/77 mmHg, and a respiratory rate of 39
breaths/minute. An arterial blood gas was notable for respiratory
acidosis (pH, 7.03; pCO2, 57 mmHg; pO2, 109 mmHg; HCO3, 15
mmol/L; base excess, 16.8 mmol/L; Sa02, 96% on 10 L O2/min
via a non-rebreather mask). Lab results also noted worsening
hypokalemia (1.5 mEq/L). Initial serum magnesium, calcium,
and phosphate levels were within the reference range. ECG on
arrival recorded ventricular tachycardia (Figure 2). The patient
was emergently intubated for airway protection and ventilatory
support. Three IV boluses of NaHCO; (44 mmol each) were
administered empirically to treat possible sodium channel an-
tagonist poisoning (prior to knowledge of the patient’s hy-
pokalemia). There was no immediate effect; however, within
3 hours of arrival the patient reverted to a sinus rhythm with
a left bundle branch block. Blood pressure remained within the
normal range during this period. An initial chest radiograph
showed trace amounts of radio-opaque material in the stomach.
Whole bowel irrigation was reinstituted via a nasogastric tube
at 1-2 L/hour; a repeat abdominal radiograph showed no remain-
ing radio-opaque material and irrigation was discontinued
2 hours later. A 3 mg/kg IM dose of dimercaprol was also admin-
istered on arrival; potassium repletion was also initiated. Due
to the rapidly-developing hypokalemia, barium poisoning was
considered. A blood heavy-metal screen, as well as tests for
serum and urine barium levels, were sent following initial sta-
bilization.

Severe hypokalemia continued during the first hospital day
despite ongoing potassium supplementation. Serum potassium
reached the reference range (3.3 mmol/L) approximately 16
hours after arrival; a total of 238 mmol KCI was given during
this time. Potassium levels remained stable, though an addi-
tional 533 mmol of potassium were given through hospital day
6. In addition, 4 hours after arrival the patient developed hy-
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Figure 2: ECG approximately 12 hours after ingestion.

pophosphatemia (0.22 mmol/L); hypocalcemia (1.73 mmol/L)
developed early during hospital day 2. Hypophosphatemia re-
solved within 2 days following supplementation with a total of
168 mmol of phosphorus; hypocalcemia corrected without sup-
plementation. Potassium doses included the potassium content
of phosphorus supplements. ECG returned to normal sinus
rhythm by hospital day 2, once all electrolyte levels normalized.
Interestingly, the patient had a serum troponin I level of 0.21
ng/mL on arrival, which increased to 1.28 ng/mL within 4 hours;
the reference range indicating myocardial injury was >0.5 ng/mL.
Cardiology consultants attributed the rise in troponin level to the
effects of the patient’s electrolyte abnormalities and overall clin-
ical condition. No cardiac stress testing or coronary angiography
was performed. Repeat troponin I level was 0.05 ng/mL on hos-
pital day 4.

His hospitalization was later complicated by aspiration pneu-
monia, treated with moxifloxacin and gentamicin; he was
weaned off mechanical ventilation by hospital day 4. Dimer-
caprol was continued at 3 mg/kg IM every 4 hours for 2 days, af-
ter which the dosing interval was extended to 6 hours. Treatment
was stopped on hospital day 7 when the results of the initial
heavy-metal and barium tests became available. Serum barium
level was 20,200 ng/L (reference range less than 200 pg/L); spot
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urine barium level was 5,600 pg/L (reference range less than 20
g/L). Blood levels of lead, mercury, and arsenic were within the
reference range. The patient was transferred to a general medical
ward on hospital day 7, and discharged back to his nursing home
on hospital day 12.

DISCUSSION

To our knowledge, this report is the first known instance of acute
barium poisoning following the ingestion of fireworks. Barium
chlorate is a common ingredient in fireworks, producing a green
color on ignition [10]. Despite its common usage in fireworks,
previous reports of firework ingestion have not described evi-
dence of barium toxicity; however, poisoning from other ingre-
dients has been noted. Brayer et al. [3] reported a 3-year-old male
who developed severe vomiting and diarrhea after ingesting 3
“snakes”-type fireworks. The patient recovered within 1 day with
supportive care alone. A spot urine arsenic level obtained 1.5
hours after ingestion was 35 ug/L (within the reference range).
However, analysis of the fireworks themselves noted an arsenic
content of about 2% by weight. Yellow phosphorus toxicity has
also been described following ingestion of South American
fireworks known as diabillos [4]. Interestingly, current manufac-
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turing standards set by the American Fireworks Standards Labo-
ratory, a fireworks industry group, prohibit the use of either ar-
senic or phosphorus in any fireworks products. In our case, we did
not have any samples available to test the relative barium con-
tent. Multiple attempts to contact the manufacturer in Hong
Kong were unsuccessful.

Our patient exhibited severe and rapid hypokalemia, the clas-
sic finding in acute barium poisoning [5-10]. The serum potas-
sium level declined from a presumably normal level to 1.5 mmol/
L within 12 hours of ingestion. Hypokalemia produced many of
the other observed clinical effects such as muscle weakness, car-
diac dysrhythmias, and respiratory failure. In vitro studies note
that barium inhibits potassium efflux across cell membranes
[11-13], suggesting that hypokalemia results from intracellular se-
questration. This hypothesis is supported by a canine study that
demonstrated marked hypokalemia following BaCl, infusion
without an increase in urinary potassium secretion. The study
also noted an increase in RBC potassium content during BaCl, in-
fusion [14].

While previous reports of barium toxicity have described
hypophosphatemia [7,10], the etiology of our patient’s hypocal-
cemia is unclear. In previous case reports of barium poisoning,
serum calcium levels were either not reported or within the
reference range [5-10]. Barium is not known to affect calcium
and phosphorus metabolism; in addition, the patient lacked
any baseline renal or endocrinological conditions associated
with hypocalcemia or hypophosphatemia.

The patient’s transient elevation of troponin I is also of in-
terest. Johnson et al. [10] reported mild elevations in CK-MB
fractions (i.e., percentage of total CK) following barium carbon-
ate ingestion, but no other reports have described similar find-
ings. Barium is not known to be directly toxic to myocardial
tissue. Hypokalemia definitely provokes cardiac arrhythmias, but
is not considered a primary cause of myocardial injury. The pa-
tient did have one documented episode of hypotension approx-
imately 20 hours before the elevated troponin measurement.
However, this episode was brief and unlikely to have been suf-
ficient to cause myocardial infarction in a 35-year-old with no
known cardiac disease. One possibility for the rise in troponin I
could be the patient’s hypophosphatemia, which developed
concurrently. In vitro models have demonstrated impaired cel-
lular energy production in myocardium subjected to phosphate
depletion [15]. Myocardial injury could have resulted from this
disruption of cellular metabolism.

The primary treatment for barium toxicity is correction of hy-
pokalemia. Repletion should be carried out aggressively; however,
serum potassium levels should be followed closely during treat-
ment as rebound hyperkalemia has been reported following as lit-
tle as 80 mmol of potassium [7]. Airway and cardiopulmonary
support should also be instituted as required. If ingestion of sol-
uble barium is recognized early, oral administration of magne-
sium sulfate is of theoretical benefit via formation of insoluble
barium sulfate [8-10]. Though our patient received 82 mmol of
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magnesium (8 g MgSO4) over 5 days without apparent ill effect,
IV magnesium is not recommended due to the theoretical risk of
forming barium sulfate within the vasculature. Our patient also
received empiric bicarbonate therapy during initial resuscitation;
in known barium poisoning, bicarbonate should be avoided due
to risk of worsening hypokalemia. Hemodialysis and continuous
venovenous hemodialysis (CVVHD) have also been reported to
be useful in rapidly eliminating barium and correcting hy-
pokalemia [5,8,16], though most cases appear to resolve with
medical management.

In conclusion, this case demonstrates that life-threatening
barium toxicity can result from ingestion of fireworks. We recom-
mend that patients exposed to these products be referred to a
healthcare facility for monitoring of serum potassium. If hy-
pokalemia occurs, the clinician should be prepared to adminis-
ter very large doses of potassium if necessary.
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