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Abstract A 50-year-old man was admitted to the emergency room complaining oppres-
sion on his chest, sweating and vomiting. He had drunk a 30 ml volume nutrition
supplement 60 minutes before. As myosis and decrease of serum choline esterase activity
were observed on admission examination, poisoning was suspected and toxicological
analyses were carried out on the heeltap of the drink. Drug screening by gas chromato-
graphy-mass spectrometry (GC/MS) revealed the presence of methomyl and the concen-
tration of methomyl in the heeltap determined by liquid chromatography was 2.1 mg/ml.
Methomyl concentrations in the serum and urine were determined after converting
methomyl to its oxime form followed by derivatization and GC/MS. Methomyl concen-
tration in the serum collected 6 hours after ingestion was 0.63 xg/ml, and that in the urine
collected 7-20 hours after ingestion was 0.10 zg/ml. Based on these values and reported
data, the amount of methomyl contaminated to the drink was considered to be a toxic

dose.
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Introduction

Poisoning from food or drinks
contaminated with toxic substances occa-
sionally happens and can be life-threaten-
ing. In such cases, identification of the
contaminated poison and estimation of the
amount of poison ingested by the patient are
important for clinical and forensic aspects.

Methomyl, a carbamate insecticide, is one
of the poisons used for such purposes, and
several disaster cases have been report-
edV~®. Although methomyl poisoning is
one of the most common poisonings in

Japan, and 533 fatalities were reported dur-
ing the last 7 years of 1997-2003%, only a few
cases described the concentrations of meth-
omyl in biological fluids®~®.

Here we describe a patient with a severe
illness after ingesting a nutrition supple-
ment drink which contained methomyl.
The amount of methomyl ingested was esti-
mated from the analyses of biological fluids
of the patient as well as the heeltap of the
drink.

Case Report

A 50-year-old Japanese man was admit-
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ted to our emergency room at 11: 25 a.m.
complaining oppression on his chest, sweat-
ing and vomiting. He had drunk a 30 ml
volume nutrition supplement 60 minutes
before.

On admission, his blood pressure was 142/
97mmHg and pulse rate was 74/min.
Myosis (1.5 mm diameter in both pupils)
and clouding of consciousness was apparent.
Laboratory tests showed hypopotassemia
(2.9 mM/], normal range 3.6-4.9 mM/1) and
decrease of serum choline esterase (ChE)
activity (54 U/1, normal range 107-233 U/1).
There were no abnormal findings on the
electrocardiogram and head CT scan.
However, urinary and fecal incontinence,
vomiting, and severe bradycardia (30-40/
min) occurred at 1 p.m. Myosis continued
(1.0 mm diameter in both pupils) at that
time. After emergency treatment, the state
of patient gradually recovered and he com-
pletely recovered by 7 p.m.

Since, the transient vagotonic state and
decrease of serum ChE activity were the
main symptoms, acute pesticide poisoning
was suspected and toxicological analyses
were carried out. Drug screening was con-
currently done on the heeltap of the drink in
the Forensic Science Laboratory and on the
serum and urine samples of the patient in
the Department of Forensic Pathology and
Sciences, respectively.

Toxicological Examination

Reagents

Methomyl and p-hydroxybenzoic acid
ethyl ester were purchased from Wako Pure
Chemical Industries (Osaka, Japan) and N-
(tert-Butyldimethylsilyl)-N-methyltrifluor-
oacetamide (MTBSTFA) used for tert-
butyldimethylsilyl (tBDS) derivatization
was from Tokyo Kasei Kogyo (Tokyo
Japan). Extrelut ® Refill Pack was pur-

chased from Merck (Darmstadt, Germany).
The powder (5.0 g each) was packed in a
1.8 cm diameter glass column, and a prepar-
ed sample was directly applied to the col-
umn without steps of conditioning. Dich-
loromethane, ethyl acetate, chloroform
were distilled prior to use. Other chemicals
used were of analytical reagent grade.

Biological samples

The serum and urine samples we used for
making calibration curves were obtained
from healthy volunteers, and serum and
urine from the patient were collected in the
hospital at 6 (serum 1) and 24 (serum 2)
hours after ingestion and 7-20 (urine 1), 20-
22 (urine 2), and 22-24 (urine 3) hours after
ingestion, respectively. All samples were
kept at -20°C until analysis.

High performance liquid chromatogra-
phy (HPLC) determination of methomyl
in the heeltap of the drink

The heeltap of the drink was ten-fold
diluted with distilled water and 10 1 aliquot
of the solution was directly applied to an
HPLC apparatus.

The apparatus used was a Shimadzu LC
9A high performance liquid chromatograph
(Shimadzu, Kyoto, Japan) with a UV detec-
tor. The UV wavelength was set at 240
nm. The analytical column was a
Shimpack CLC ODS (4.6 mm X 150 mm, 5
um, Shimadzu, Japan). The column was
eluted with 10 mM phosphate buffer (pH
2.6) —acetonitrile (8 : 2 v/v) at a flow rate of
0.6 ml/min.

Determination of methomyl in the
serum and urine of the patient by gas
chromatography-mass spectrometry
(GC/MS)

Methomyl concentrations in the serum



Methomyl poisoning and contaminated drink 307

and urine of the patient were determined by
our method” except for the internal stan-
dard (IS). P-Hydroxybenzoic acid ethyl
ester served as IS ; Briefly, methomyl in the
serum or urine was converted to its oxime
form by sodium hydroxide. The solution
made acidic with hydrochloric acid was
poured into a column packed with
Extrelut®. Methomyloxime and p-hydrox-
ybenzoic acid were eluted from the column
with the mixture of dichloromethane-ethyl
acetate-chloroform (65: 25: 10), transfor-
med to tBDS derivatives, and analyzed
using GC/MS.

Conditions of GC/MS; The apparatus
used was a Hewlett Packard 5989A GC/MS
system. A fused silica capillary column
HP-1 (Agilent Technologies, 12 m X 0.2
mm I.D. 0.33-um film thickness) coated
with 1009% dimethylpolysiloxane stationary
phase was used. Splitless injection mode
was selected with a valve off-time of 2 min.
Helium was used as a carrier gas, at a flow
rate of 1 ml/min. The operating tempera-
tures were as follows: Column 80°C
(2 min)-(20°C/min)-250°C (2 min), injection
port 250°C, transfer line 280°C. The follow-
ing ions were used as quantifier and quali-
fier ions: m/z 162 and 121 for methomyl
and m/z 223 and 280 for the IS, respectively.

Results and Discussion

Screening of drugs

The heeltap solution (<1 ml) of the nutri-
tion supplement drink (Fig. 1) was slightly
acidic (pH 3-4) and coloring tests for para-
quat, anion-exchange surfactant, azide and
hypochlorous acid were all negative. Drug
screening by GC/MS on the chloroform
extract of the heeltap solution revealed the
presence of methomyl, a carbamate pesti-
cides.

On the other hand, qualitative analyses of

Fig. 1 The same type of nutrition supple-
ment drink as that taken by the
patient

paraquat, organophosphorus pesticides, and
amino acid herbicides on the urine 1 showed
negative results. Abused drug screening by
Triage ® was also negative. Although poi-
soning by organophosphorus pesticides or
carbamate pesticides was suspected based
on symptoms of the patient, no pesticides
were detected by drug screening using GC/
MS. As carbamate pesticides are unstable
to heat in GC analysis at low concentration,
decomposition of the drug in biological
fluids was suspected. Therefore, serum
and urine samples were submitted to our
procedure” developed for trace analysis of
methomy! in biological materials. Meth-
omyl was first converted to methomyloxime
and submitted to GC analysis, since meth-
omyloxime was much more stable than
methomyl itself. As shown in Fig. 2, meth-
omyl was clearly detected from the serum 1
and urine 1. Methomyl was not detected in
the serum 2 and urine 2-3.

Based on the above results, contamination
by methomyl was proven, and clinical symp-
toms of the patient such as vomiting, sweat-
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Fig. 2 GC/MS chromatograms of the derivatized extract from 50 41 serum 1 and
200 g1 urine 1 of the patient (M : methomyloxime-tBDS, IS : benzoic acid-

tBDS)

ing, bradycardia and myosis were consid-
ered to be related to this chemical.

Concentration of methomyl in the

heeltap of the drink

The concentration of methomyl in the
heeltap solution was 2.1 mg/ml. This
result indicated that approximately 63 mg
of methomyl was included to the 30-ml
volume drink. Buchholz et al. reported
an outbreak of food-borne illness associated
with methomyl-contaminated salt which
occurred at a Thai restaurant in central
California?.

The patients reported nausea, dizziness,
abdominal cramps, headache, vomiting and
so on. Based on the detailed investigation
of the case, they estimated the oral toxic
dose of methomyl causing illness in 509 to
be 0.15 mg/kg of body weight (estimated
range, 0.09-0.31 mg/kg). The dose in our
case (Ca. 1 mg/kg) was much higher than
this level, but did not reach the fatal dose of

12-15 mg/kg®.

Concentrations of methomyl in the

serum and urine of the patient

Methomyl concentrations in the serum 1
collected 6 hours after ingestion was (.63
ug/ml, and that in the urine 1 collected 7-20
hours after ingestion was 0.10 xg/ml.

In spite of many fatalities due to meth-
omyl, the concentrations of methomyl in
biological fluids have been reported in lim-
ited cases. A pilot whose plane crashed
while spraying methomyl had a postmortem
blood methomyl concentration of 0.57 ug/
ml?. An individual who attempted suicide
by taking 2.25 g of methomyl and survived
with intensive care including, gastric irriga-
tion, had a blood methomyl concentration of
1.6 ug/ml after 6 hours®. Blood methomyl
concentrations in 7 adults who died after
accidental or intentional ingestion of an
overdose averaged 25.6 ug/ml with a range
of 1.6-57 ug/ml®'®,  Thus, the blood con-
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centration in our case (0.63 xg/ml) was
considered to be toxic but not at a fatal
level.

Conclusion

Based on clinical and toxicological inves-
tigations, the diagnosis was methomyl poi-
soning, and the amount of drug in the nutri-
tion supplement drink was the toxic dose.
This is a unique case report where identifi-
cation of the contaminated poison and esti-
mation of the amount of poison ingested
were elucidated from the analyses of both
the heeltap of the drink and biological fluids
of the patient.
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