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An Outbreak of Food Borne Illness Due to Methomyl Pesticide

Intoxication in Korea

Hyo-Wook Gil,' Mi-Hye Jeong,’
Jung Soo Park,* Hwan-Won Choi,*
So-Young Kim,® and Sae-Yong Hong'

On February 21, 2013, 6 elderly people collapsed abruptly after eating bean sprout
bibimbab (boiled rice mixed with bean sprouts and seasoned with soybean sauce) at a
countryside restaurant in the Chungbuk Province, Korea. Minutes after eating the meal,

all of the patients lapsed into a state of stupor. Respiratory arrest developed in 2 patients;
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INTRODUCTION

Methomyl, methyl N-{[(methylamino)carbonyl]oxy}ethanimi-
dothioate, is a cholinesterase inhibitor pesticide. In its pure form,
it consists of colorless crystals with a slight sulfurous odor (1).
Methomyl pesticide is generally produced as a liquid formula-
tion, and it is stable in water for 30 days (1). Because of this, wa-
ter and methomyl pesticide are relatively indistinguishable,
which has contributed to methomyl pesticide being the subject
of food-borne outbreaks (2-4). Methomyl has very high toxicity;
the acute LD50 of methomyl is reportedly 30 mg/kg in rats (1).
Consequently, the clinical outcome of patients with acute metho-
myl pesticide poisoning is generally critical. When ingested by
humans, it is absorbed and metabolized rapidly, and readily
excreted in the urine (1). As a cholinesterase inhibitor, the toxic
symptoms of acute poisoning are similar to the cholinergic cri-
sis that frequently results from acute organophosphate poison-
ing (2). While the production and marketing of methomyl pes-
ticides have been discouraged by authorities since January 1,
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and one of two patients died of cardiac arrest. The autopsy identified methomyl and
methanol in the deceased patient's gastric contents and in the remaining soybeanbean
sauce seasoning. Five of the 6 patients ingested one spoonful of the soybeanbean sauce
seasoning and survived, while one patient who died of cardiac arrest, ingested
approximately two spoons. Symptoms of toxicity presented quickly in the subjects and
progressed rapidly, including chest tightness, an unusual sensation in the pit of the
stomach, dizziness, ataxia, and finally, collapse. Three patients who drank ethanol with
the meal experienced only mild toxic symptoms. Our analysis of the clinical observations in
these cases suggests that ingestion of methomyl pesticide and the additive toxicity of
methanol may have been responsible for the intoxication.
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2012, methomyl poisoning of humans was not uncommon in
Korea.

On February 21, 2013, 6 elderly people collapsed abruptly af-
ter eating bean sprout bibimbab (boiled rice mixed with bean
sprouts and seasoned with soybean sauce) in a countryside
restaurant in the Chungcheongbuk-do of Korea. In this paper,
we summarize the clinical features of these patients and dis-
cuss the logical validity of a diagnosis of methomyl and metha-
nol poisoning in these cases.

MATERIALS AND METHODS

Patients

The 4 male patients in this case series (numbered cases 1-4 here-
in) all lived in the same neighborhood and used to share a meal
together at a countryside restaurant managed by a long-term
mutual friend. However, the owner of the restaurant had recent-
ly died and the owner’s wife, along with a waitress, continued to
operate the restaurant. All 4 male patients had been intimate
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with the restaurant owner (case 5) and the waitress (case 6). On
the evening of the apparent poisoning, all 6 subjects of this re-
port ate from the same dish bean sprout bibimbab for dinner.
Within 3-5 min of eating the meal, all 6 subjects ran outside be-
having as though they had been exposed to poisonous gas, re-
porting symptoms including chest tightness, an unusual sensa-
tion in the pit of the stomach, dizziness, ataxia, and a general
feeling of uncomfortable heaviness of the body. Disoriented,
they could not maintain a balanced posture and ultimately col-
lapsed. All 6 patients were taken to a nearby primary care hos-
pital within 30 min. The symptoms of toxicity appeared quickly
following the meal, and progressed rapidly. After approximately
3 hr in the primary care hospital, each patient was transferred
to one of 3 different general hospitals in Chung-Joo city, each of
which was approximately a 1-hr drive from the scene.

Data collection

All clinical data reported herein were obtained retrospectively
from hospital records. Four of the 6 patients visited our pesti-
cide institute at the Soonchunhyang Hospital to complete the
therapy; patient 4 died in hospital, and patient 5 (the restaurant
owner) undertook therapy in another hospital. The initial data
was obtained from the medical records of each hospital. A brief
telephone interview was conducted with patient 5, the restau-
rant owner, 19 days after the incident. The results of the autopsy
on the deceased patient (case 4) and the existence of both metho-
myl and methanol in the gastric contents and the remaining
uneaten food were noted by the health authority of the Province.
The circumstances surrounding the demise of the deceased pa-
tient (case 4) were derived from information provided by the
other patients reported herein, i.e., patients 1-3, 5, and 6.

Ethics statement

The study protocol and design were approved by the institu-
tional review board of Soonchunhyang University Cheonan
Hospital (IRB approval number: 2013-65). Informed consent
was not obtained due to the retrospective design of the study.

RESULTS

Six elderly people collapsed abruptly after eating bean sprout
bibimbab (boiled rice mixed with bean sprouts and seasoned
with soybean sauce). A primary care physician treated them for
food poisoning; however, the symptoms became more serious
over time; and all of the patients lapsed into a state of stupor.
Respiratory arrest developed in 2 patients; and one of these pa-
tients subsequently died of cardiac arrest. The autopsy detected
methomyl and methanol in that patient’s gastric contents, and
it was also detected in the remaining soybean sauce seasoning
(patient 4). The individual cases were described as follows (Ta-
ble1).
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Patient 1 was a 65-yr-old man weighing 70 kg. He had been
healthy without specific difficulties in performing activities of
daily living, despite a medical history of a cerebral hemorrhage
in 2009. On the evening of the reported event, he suddenly felt
dizzy after eating the meal, left the restaurant, and collapsed. He
attempted to call for emergency assistance with his cell phone,
but was unable to do so due to the sudden onset of visual and
sensorimotor dysfunction. He exhibited diarrhea, nausea, vom-
iting, and incoherence. Despite hospitalization, he did not ex-
hibit coherence until the following morning. He was treated
conservatively for food poisoning until the authorities announc-
ed that the autopsy results from case 4 had suggested metho-
myl poisoning. He was discharged from the hospital on day 6
after the symptoms of toxicity had apparently subsided. How-
ever, symptoms of headache, nausea, and weakness persisted.
Eight days after the incident, he visited our pesticide intoxica-
tion institute. His blood pressure (BP) was 140/80 mmHg, pulse
rate was 90/min, and body temperature (BT) was 37°C. He was
alert, and no pathological neurologic reflex was observed.

Patient 2 was a 70-yr-old man weighing 65 kg. After the meal,
he immediately developed abdominal discomfort and general-
ized muscle aches. He experienced a rapid onset of dizziness
and a feeling of oncoming diarrhea. He did not become disori-
ented, but lost his sense of balance. He tried to call for emer-
gency assistance, but could not because he was unable to read
the text on his cell phone. The appetizer that he had consumed
prior to the meal contained approximately 120 mL of 20% etha-
nol, and patients 3 and 5 also consumed the same appetizer.
His toxic symptoms were much less severe than those of the
other patients. He was treated in the hospital for food poisoning
and discharged on the 3rd hospitalization day. He visited our
pesticide intoxication institute 19 days after the incident for a
follow-up examination. On arrival, he exhibited a clear mental
status, BP of 120/70 mmHg, pulse rate of 77/min, BT of 36°C,
stable vital signs, and no pathological neurologic reflex.

Patient 3 was a 68-yr-old man weighing 76 kg. Immediately
after the meal, he experienced dizziness and vertigo. During
the meal, he had consumed an appetizer containing approxi-
mately 100 mL of 20% ethanol, as had patients 2 and 5. He lost
his balance and fell to the ground, but did not lose conscious-
ness. He was treated for food poisoning in the hospital for 3 days,
and did not exhibit loss of consciousness throughout his stay in
hospital. On 8 days after the incident, he visited our pesticide
intoxication institute for a follow-up examination. BP was 150/
90 mmHg, pulse rate was 70/min, and BT was 36.5°C. No path-
ological neurologic reflex was observed.

Patient 4 was a 67-yr-old man of average size who was previ-
ously of good health, as assessed by his friends. The survivors
all remembered that while they had added approximately 1
spoonful of soybean sauce seasoning to the meal, he had added
approximately twice that amount. After the meal, he experienc-
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Table 1. Laboratory findings of the cases

ltems Case 1 Case 2 Case 3 Case 4 Case 5 Case 6
Sex M M M M F F
Age (yr) 65 70 68 70 70 77

Initial laboratory data Leukocyte count (/pL) 27,830 8,750 16,000 27,800 15,090 28,800
Hemoglobin (g/dL) 15.6 13.8 16.9 15.8 15.6 13.4
Aspartate transaminase (IU/L) 23 19 38 59 47 28
Alanine transaminase (IU/L) 35 16 50 51 29 27
Urea nitrogen (mg/dL) 14 7.8 191 19.2 9.2 12
Creatinine (mg/dL) 1.1 0.88 1.1 0.9 0.8 0.7
Sodium (mEg/L) 140.2 137 137 137 140 139
Chloride (mEg/L) 100.7 105 100 107 106 104
Potassium (mEg/L) 3.14 4.4 2.8 3 2.5 3.2
pH 7.42 7.39 7.37 7.23 7.29 7.33
PaCO2 (mmHg) 31.3 375 42 36 20 39
Pa0? (mmHg) 122.2 781 105 40 101 55
HCOs™ (mEq/L) 20 22.3 24.1 15.6 9.3 20.6
Anion Gap (mEq/L) 19.5 9.7 12.9 144 24.7 14.4
Pseudocholinesterase (U/L) NC NC NC NC 1,808 NC

Follow-up laboratory data Leukocyte count (/uL) 7,760 6,100 10,690 Expired 17,160
Albumin (g/dL) 45 4.2 4.6 2.8
Creatinine (mg/dL) 0.9 0.7 1.2 0.3
Sodium (mEg/L) 139 138 140 134
Chloride (mEg/L) 102 103 97 99
Potassium (mEg/L) 4 4.6 3.3 3
pH 7.425 NC NC 7.53
PaCO2 (mmHg) 34.8 NC NC 31
Pa0? (mmHg) 81.8 NC NC 68
HCOs™ (mEq/L) 22.3 NC NC 25.9
Anion Gap 14.7 NCD NC 9.1
Pseudocholinesterase ( U/L) 7,529 8,922 8,563 4,840

NC, not checked. Anion gap is calculated as [Na*]-{[CI"] + [HCO3]}. Note that the anion gap is greater than 16 mEg/L in cases 1 and 5. The initial pseudocholinesterase level
was only measured in case 5 and was lower than the reference range of 3,400-14,200 U/L. The early laboratory data was obtained at the first general hospital visited. The late
laboratory data was obtained between 6 and 19 days after the meal, at the Pesticide Intoxication Institute of Soonchunhyang University Hospital.

ed vomiting and diarrhea and became unconscious. After en-
dotracheal intubation at the primary care clinic, he was trans-
ferred to a general hospital in a comatose state. In the emergen-
cy room, his BP was 180/120 mmHg, pulse rate was 120/min,
and BT was 37°C. Respiration was shallow and slow, with a rate
of 7/min. Mechanical ventilation was initiated. The results of a
portable emergency chest radiograph were compatible with
acute respiratory distress syndrome. He exhibited pin-point
pupils and increased bronchial secretions. On day 3, he died of
cardiac arrest.

Patient 5 was owner of the restaurant, and was a 70-yr-old
average-sized woman. She drank approximately 120 mL of 20%
ethanol as an appetizer with patients 2 and 3. Immediately after
the meal, she experienced dizziness and vertigo, and was trans-
ferred to hospital. High anion gap metabolic acidosis detected
in the emergency room led the duty doctor to suspect metha-
nol intoxication. Serum methanol level was 12.0 mg/L approxi-
mately 5 hr after the meal, as measured by gas chromatogra-
phy-mass spectrometry at the emergency department. Several
hours after arrival, hypotension (80/56 mmHg) and T inversion
on precordial ECG lead were observed. Echocardiogram showed
akinesia of the left ventricle and the left ventricle ejection frac-
tion was less than 30%. After conservative treatment, the patient
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recovered quickly. On the 5th hospital day, her pseudocholin-
esterase level was 5,800 U/L (reference range of 3,400-14,200 U/
L). After conservative treatment for 6 days, she was discharged
without sequelae. A brief telephone interview was conducted
with her after her discharge on 19 days after the meal. She was
in shock about the incident, but no major problems were ap-
parent with regard to her physical condition.

Patient 6 was waitress of the restaurant, a 77-yr-old woman
weighing 48 kg. She experienced dizziness within 5 min of the
meal and vomited. She ran outside, collapsed on the ground,
and lost consciousness. Immediately after arrival at hospital,
she developed respiratory arrest and underwent emergency
tracheal intubation followed by mechanical ventilation. The
following day, the physician noted increased bronchial secre-
tions with wheezing sounds upon lung examination. Uncon-
vinced of a diagnosis of cholinesterase inhibitor toxicity, the
physician injected atropine (unfortunately, they did not mea-
sure her cholinesterase level). Six days later, the patient was
transferred to our pesticide intoxication institute with tracheal
intubation. Her symptoms of toxicity subsided rapidly. Two
days later, the tracheal tube was removed. She was discharged
on the 10th hospitalization day without specific complaints.
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DISCUSSION

The clinical characteristics observed in this case are very similar
to those of a previous report (2). It is hard to understand why
and how the toxic symptoms developed qucikely, 3-5 min after
ingestion of the meals. In the current outbreak, the following
points suggested that additive and/or synergistic toxicity of me-
thomyl and methanol was responsible for the symptoms: Toxic
symptoms developed early, within 5 min after the meals. This
suggested that the poison was absorbed in the stomach. Meth-
anol is rapidly and completely absorbed after oral ingestion,
reaching a peak serum methanol concentration within 1-2 hr.
The initial symptoms of methanol intoxication included central
nervous system depression, headache, dizziness, nausea, lack
of coordination, confusion, and with sufficiently large doses,
unconsciousness, and death. Methanol is highly toxic to hu-
mans. If ingested, as little as 10 mL of pure methanol can cause
permanent blindness through destruction of the optic nerve.
Approximately 30 mL is potentially fatal, although the median
lethal dose is typically 100 mL (1-2 mL/kg of pure methanol)
(6). Four of the patients (cases numbered 1, 2, 3, and 6) stated
that they experienced visual impairment during the first a few
days after the incident. However, ocular examinations conduct-
ed on days 7 or 8 showed no specific abnormalities in visual
acuity, visual field, or anterior segment and fundus in any of the
patients.

Acute methanol poisoning is often accompanied by meta-
bolic acidosis with an elevated anion gap (7). In the cases re-
ported herein, the method used for the measurement of the
anion gap consisted of colorimetry for HCOs” and Cl- as well as
flame photometry for Na* and K*. Anion gap was high in case 1
(19.5 mEq/L) and case 5 (24.7 mEq/L). There are 2 types of me-
thomyl pesticide products in Korea: water-dispersible powder
and a liquid formulation. In liquid formulations, methanol is
usually the solvent used, and the solvent comprises approxima-
tely 75% of the volume of methomyl pesticide products. There-
fore, when humans ingest methomyl pesticide in liquid formu-
lation, they ingest a volume of methanol 3 times greater than
the amount of methomyl ingested. In general, the effects of in-
gesting a combination of 2 toxic chemicals are either additive,
synergistic, or inhibitory (8, 9). Further research is required to
determine whether the toxicity of methomyl and methanol is
synergistic.

Recently, we reported a separate case of a 49-yr-old man with
acute methanol intoxication that occurred after ingestion of a
methomyl pesticide (10). He was brought to the emergency de-
partment in an unconscious state after ingestion of 20 mL of a
methomyl pesticide. Upon arrival, he was semi-comatose and
did not breathe spontaneously. However, his cholinesterase
level was normal level and cholinergic symptoms were not ob-
served. His urine methanol level was 55.60 mg/dL, and he was
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treated with hemodialysis. Subsequently, his metabolic acido-
sis resolved and his mental status returned to normal.

The symptoms of toxicity were comparatively mild in the 3
cases in which an ethanol drink was consumed during the meal.
It is well-known that the same alcohol dehydrogenase enzyme
competitively breaks down both ethanol and methanol. There-
fore, the administration of ethanol during methanol intoxica-
tion reduces the rate of formic acid production. A concentra-
tion of 1 g/L of ethanol is known to be sufficient to fully block
the degradation of methanol. Investigation of this incident is
currently being conducted by the relevant authorities, to deter-
mine whether it was an accident or whether criminality may
have been involved. Bearing in mind that the boiling point of
methanol is 67.4°C (11), we believe that the methomyl pesticide
was added after the boiling of both the rice and the vegetables,
either intentionally or accidently.

The clinical observations reported herein have some limita-
tions. A police investigation into this incident is currently un-
derway. All of the information pertaining to the investigation,
including the autopsy findings, were provided by the Korean
National Forensic Service. We were not permitted to make in-
quiries about details of the progress of the investigation.

The patients were treated at 3 different hospitals and the ini-
tial laboratory tests and the treatment modalities differed from
hospital to hospital. Given this, summarizing common labora-
tory findings was problematic. Blood methanol level was only
measured in 1 patient (case 5). Fortunately, in the emergency
room of one of the hospitals, methanol measurement was a
routine laboratory test for patients who showed high anionic
gap acidosis.

In conclusion, we have reported an outbreak of methomyl
pesticide intoxication that was mistaken for bacterial food poi-
soning. Toxic symptoms appeared within a few minutes after
the meals and progressed rapidly. One patient who ingested a
larger amount of the soybeanbean sauce seasoning than the
others died. Three patients who drank ethanol during the meals
experienced less severe symptoms of toxicity. Our analysis of
clinical observations suggests that when a patient presents with
the abrupt onset of unconsciousness after a meal, associated
with high anion gap metabolic acidosis, methomyl pesticide
intoxication is one of the conditions that the doctor should con-
sider with regard to differential diagnosis.
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