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Abstract
Imidacloprid [1-(6-chloro-3pyridylmethyl)-N-nitroimidazolidin-2-ylideneamine] is a new and potent nitromethylene insec-

ticide with high insecticidal activity at very low application rates. It is the first highly effective insecticide that, like nicotine, acts

on the nervous system, causing blockage of postsynaptic nicotinergic acetylcholine receptors. Two fatal cases with this

insecticide in two male individuals, of 33 and 66 years old, are presented.

An LC/MS with electrospray method for measuring imidacloprid and its metabolites in post-mortem samples is described. In

the chromatographic separation, a reverse-phase column XTerraTM MS C18 (2.1 mm i.d. � 150 mm, 5 mm) was used and the

mobile phase composed with acetonitrile and 0.1% formic acid (15:85), at a 0.25 mL/min flow rate. Samples were prepared with

a liquid–liquid extraction procedure with dichloromethane.

Calibration curves for imidacloprid in blood and urine samples were linear from 0.2 to 15 mg/mL. The mean recovery was

86% with a coefficient of variation of �5.9%. The detection limit was 0.002 mg/mL. Quantitative results were obtained for all

post-mortem matrices available of the two fatal cases: blood, urine, stomach contents, lung, liver and kidney. The imidacloprid

blood concentrations found in two-cases were 12.5 and 2.05 mg/mL.

The authors validated a method to detect and quantify imidacloprid in post-mortem samples, and to our knowledge for the

first time a post-mortem tissue distribution was performed on various samples for this insecticide.

# 2005 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction

Imidacloprid [1-(6-chloro-3-pyridylmethyl)-N-nitroimi-

dazolidin-2-ylideneamine] is a member of a relatively

new class of insecticidal chemistry, the chloronicotinyl

neonicotinoid compounds [1,2]. It was introduced into
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commercial use only in the last decade and is increasingly

used worldwide. Trade names for Bayer’s imidacloprid

products in Portugal are Confidor1 and Gaucho1 [3]. It

is the most important systemic insecticide and has a wide

diversity of uses: in agriculture, on turfs, on pets and for

household pests.

Imidacloprid acts on the central nervous system, as an

agonist at the nicotinic acetylcholine receptor (nAChR),

causing its blockage [4,5]. It is moderately toxic and acute

oral LD50 are 450 mg/kg for male and female rats and
eserved.
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Fig. 1. Metabolic pathways for imidacloprid [6].
150 mg/kg for mice [4]. The metabolism of imidaclo-

prid (Fig. 1) has been extensively studied in soils, plants

and mammals [5–9]. This insecticide is metabolized by

human cytochrome P450 isozymes involving two path-

ways: (1) imidazolidine hydroxylation and desatura-

tion to give 5-hydroxyimidacloprid and the olefin,

respectively, and (2) nitroimine reduction and cleavage

to yield the nitrosoimine, guanidine and urea derivatives

[5]. Imidacloprid is quickly and almost completely

absorbed after ingestion and degraded to 6-chloronicotinic

acids, which may be conjugated with glycine and then

eliminated or reduced to guanidine. About 70–80% of an
administered dose may be excreted in urine and 20–30% in

faeces [10].

Several methods have been published for the determina-

tion by high-performance liquid chromatography of imida-

cloprid and its main metabolites in soils [11–13], in fruits

and vegetables [14–21], in water [13] and even in air [22,23].

No methods have been published for the determination of

this insecticide in human samples.

This study reports two fatal cases involving imidaclo-

prid. A liquid chromatography/mass spectrometry (LC/MS)

method was developed to detect, confirm and quantify this

insecticide in post-mortem samples.
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2. Case histories

2.1. Case 1

A 33-year-old man was found dead by his wife, at home,

lying on the floor near a sofa. She asked for help and called the

priest. She did not know who called the emergency para-

medics, who verified the death. No signs of violence were

found at the death scene, although the family found the death

to be suspicious. By all accounts, the decedent had no sig-

nificant medical history. Further investigations by the prose-

cutor revealed a suicide letter with the victim’s handwriting.

The autopsy performed by local general practitioners was

negative, except for an intense smell that they could not

specify, and cherry livor mortis. The body showed signs of

initial putrefaction. Toxicological analyses were requested.

Pathological examination, performed from frozen samples

originally taken for toxicological study (lung, liver, kidney,

oesophagus and tongue), showed only severe autolysis.

2.2. Case 2

A 66-year-old man was found dead in the supine position

in bed at home. On the table in the dining room, there were

different documents and other personal objects with written

notes about their usefulness, suggesting a suicidal intent.

The death certificate stated that the victim had ingested an

organophosphorus pesticide. Later, after autopsy and tox-

icological analysis, the police reported that an empty bottle

of Confidor1 was found at the scene.

The autopsy performed by local general practitioners

showed bloody liquid coming out of the mouth. Mouth,

tongue, tonsils and oesophagus revealed red–brown spots

compatible with chemical burn. Pulmonary edema and a

yellow liver were also found. The stomach contained

150 mL of a yellow–green liquid with a ‘‘white deposit

and a fatty substance’’. Histological findings obtained from

poorly preserved samples demonstrated signs of chronic

right cardiac insufficiency and deposits of dark granular

pigment in lungs.

Samples of blood, urine, stomach contents, liver and

kidney were taken for toxicological analysis.
3. Materials and methods

3.1. Chemicals and reagents

Imidacloprid was obtained from Supelco (Bellefonte,

PA, USA), 6-chloronicotinic acid and 5-hydroxyimidaclo-

prid was supplied from Bayer CropScience (Monheim,

Germany) and ethirimol (used as internal standard) was

obtained from Riedel-de Haën (Seelze, Germany). Each

standard compound was dissolved in acetonitrile (1 mg/

mL) and stored at 4 8C. Dichloromethane LiChrosolv1

was purchased from Riedel-de Haën (Seelze, Germany).
Acetonitrile (HPLC-grade) and formic acid (extra pure)

were obtained from E. Merck (Darmstadt, Germany). Water

was purified by a Milli-Q system obtained from Millipore

(Molsheim, France). The mobile phase was filtered through a

0.20 mm filter (Schleicher and Schuell) and degassed in an

ultrasonic bath for 15 min just before use. All samples were

filtered through a 0.45 mm nylon filter (Millipore) before

injection into the column.

3.2. Instrumentation

The chromatographic system used was a Waters 2695

Alliance System and an XTerraTM MS C18 reversed-phase

column (2.1 mm i.d. � 150 mm, 5 mm). The mobile phase

was composed with acetonitrile and 0.1% formic acid

(15:85), at a flow rate of 0.25 mL/min. Column temperature

was held at 25 8C. The injection volume was 5 mL.

A Waters 996 photodiode array detector (DAD) was used

operated on a 210–400 nm wavelength scan with a 1.2 nm

resolution. The UV absorbance was measured at 270 nm.

Instrument control, data acquisition and processing

were achieved using Waters Empower Software (Milford,

MA).

Mass spectrometry (MS) detection was carried out by a

Waters ZQ 2000 single quadrupole mass spectrometer with

an electrospray ionization (ESI) performed in positive and

negative mode. Full-scan spectra were recorded from m/z

100–500, at a scan time of 0.5 s and an interscan delay of

0.1 s. The mass spectra were represented by centroid mode.

The main other instrumental settings were: capillary voltage

3.5 kV; cone voltage 30 V; extractor 5 V; ion energy 0.1;

source temperature 150 8C; desolvation temperature 300 8C;

cone gas (N2) flow rate 0 L/h and desolvation gas (N2) flow

rate 300 L/h.

Quantitation employed the selected ion-recording (SIR)

mode using the most abundant characteristic ion [M + H]+,

m/z 256 for imidacloprid and m/z 210 for internal standard

(ethirimol).

3.3. Sample preparation

Control and calibration samples were prepared by spik-

ing drug-free post-mortem blood and urine samples with

standard solutions.

Twenty microliters of internal standard (IS) solution

(100 mL/mL, ethirimol) was added to 1 mL/1 g of biological

fluids/homogenate tissue and mixed in a vortex for 30 s.

Homogenates of tissue samples were prepared by adding 1 g

tissue to 2 mL distilled water. The liquid–liquid extraction

was performed three times with 5 mL dichloromethane, and

the tubes were agitated on a platform shaker for 15 min.

After centrifugation at 2000 � g for 10 min the combined

supernatant were evaporated to dryness under a slow stream

of nitrogen at 40 8C. The dried extracts were reconstituted

with 500 mL of mobile phase and an aliquot (5 mL) was

injected into the LC/MS system.
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Fig. 2. UV spectra of imidacloprid (A) (Rt 8.777), 5-hydroxyimi-

dacloprid (B) (Rt 5.903), 6-chloronicotinic acid (C) (Rt 6.896) and

ethirimol (IS) and (D) (Rt 2.603).
4. Results and discussion

All specimens were initially subjected to a qualitative

analysis. Screening was performed for basic, acidic, and

neutral drugs, pesticides and volatiles by standard chromato-

graphic methods. Employed methods included gas chroma-

tography, liquid chromatography and enzyme immunoassay.

Blood alcohol results (analysed by a headspace GC/FID

technique) were positive in case 1 (0.18 g/L) and negative

in case 2. No other drugs or pesticides were found in either

post-mortem cases. Imidacloprid was identified in both sto-

mach contents by thin-layer chromatography.

Calibration curves for imidacloprid in blood and urine

samples were linear from 0.2 to 15 mg/mL (in blood

y = 0.00556x + 0.000918 with r2 = 0.9993 and in urine

y = 0.00138x + 0.000736 with r2 = 0.9978, seven calibration

points, in triplicate).

The detection limit of imidacloprid in blood samples was

0.002 mg/mL (S/N = 3) and the lower limit of quantification

(LOQ, S/N = 10) was 0.01 mg/mL. Analytical recovery was

tested at the concentration levels of 1, 5 and 10 mg/mL and

was determined by comparing the representative peak areas

of imidacloprid extracted from drug-free blood spiked with

the peak area of a methanolic standard at the same con-

centration. The mean recovery was 86% with a coefficient of

variation of �5.9%. For intra-day and inter-day precision

determinations, five replicate analyses were performed at

each of the three studied concentrations. Relevant validation

data for recovery and precision are presented in Table 1. The

method proved to be precise for imidacloprid, both in terms

of intra-day and inter-day analysis, with coefficients of

variation (CV) less than 10%.

Imidacloprid and the metabolites, 6-chloronicotinic acid

and 5-hydroxyimidacloprid, are polar compounds with high

molar absorptivity in the UV–vis region. For this reason, LC

with diode array detection was only used for confirmation of

their spectra. In Fig. 2, UV spectra of imidacloprid (A) (Rt

8.777), 5-hydroxyimidacloprid (B) (Rt 5.903), 6-chloroni-

cotinic acid (C) (Rt 6.896) and ethirimol internal standard

and (D) (Rt 2.603) are represented.

We selected an ESI source to avoid high temperatures,

which could produce undesirable degradation processes in

pesticides and, as stated by some authors [20], results of

imidacloprid were very similar with regard to sensitivity in

positive ionization mode when the APCI and ESI sources

were used.
able 1

alidation data of recovery and precision for imidacloprid, in spiked

lood samples

oncentration

vel (mg/mL)

Recovery

(n = 5) (%)

Intra-day

(n = 5) CV (%)

Inter-day

(n = 5) CV (%)

1 77 7.9 8.7

5 91 5.9 4.5

5 89 5.2 6.5
T

V

b

C

le

1

Quantitation employed the selected ion-recording mode

using the most abundant characteristic ion, m/z 256 and the

fragment ions, m/z 209 and m/z 175, corresponding to

[M + H–NO2]+ and [M + H–NO2–Cl]+, respectively, for

confirmation. The first fragment, m/z = 209, is due to the

loss of NO2. The second fragment, m/z = 175, is due to the

losses of both NO2 and Cl. Imidacloprid yielded intense

protonated and deprotonized molecules (m/z 256 and 254)

when ESI was used in positive and negative ionization

modes, respectively. SIR mass chromatograms and mass

spectrum in scan mode (m/z 256), of imidacloprid detected

in blood sample (case 1), and are shown in Fig. 3.

Since the procedure has proved to be sensitive, selective

and reproducible, the developed method was applied to the

fatal cases presented. The tissue distribution of imidacloprid

is presented in Table 2. Imidacloprid was detected in all

analysed specimens. The imidacloprid blood concentrations

found in the two-cases were 12.5 and 2.05 mg/mL. In the

tissue samples, the higher imidacloprid concentrations were

observed in lung and kidney, apart from liver.

In both reported cases, this insecticide was present in

stomach contents, indicating acute imidacloprid intoxication.

Stomach contents collected in the described intoxication cases

contained high concentrations of imidacloprid and needed to

be diluted to the ratio 1:100. In case 1, 70 mg of imidacloprid

was detected in 150 mL of stomach contents and in case 2,

there was 37.1 mg of imidacloprid in 200 mL of stomach

contents. The imidacloprid metabolites, 5-hydroxyimidaclo-
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Fig. 3. SIR mass chromatograms and mass spectrum in scan mode (m/z 256) of imidacloprid detected in blood sample (case 1).
prid and 6-chloronicotinic acids were not detected in post-

mortem samples.

No published data reporting fatal cases due to imidaclo-

prid ingestion were found, and thus results interpretation

become more difficult. However, I-Wen et al. [24] described

a case of an acute human intoxication with an insecticide

formulation containing imidacloprid and N-methyl pyrroli-

done, as Confidor1. These authors stated that most of the

clinical symptoms, as minor central nervous system depres-

sion, gastrointestinal irritation and hyperglycemia, were due

to N-methyl pyrrolidone.
Table 2

Ethanol and imidacloprid concentrations in post-mortem samples

Cases Analysed compounds Blood Urine Ki

Case 1 Ethanol 0.18 g/L – –

Imidacloprid 12.5 mg/mL Not available 13

Case 2 Ethanol Negative – –

Imidacloprid 2.05 mg/mL 0.29 mg/mL 2
The cases presented demonstrate the importance of

toxicological investigation in solving cases, apparently

negative in routine examinations. After the suspicion of

suicidal deaths, both autopsies, as well as the analysis

performed for common toxic substances, were negative. It

was further investigation that identified imidacloprid as the

potential causative agent in these cases. Subsequent toxico-

logical analysis confirmed this.

The absence of other suitable causes of death (macro-

scopic or histological) and the positive results of toxicolo-

gical findings, lead the pathologist rule that the cause of
dney Liver Lung Stomach contents

– – –

.6 mg/mL 9.9 mg/mL 20.6 mg/mL 70 mg (in 200 mL)

– – –

.5 mg/mL 1.01 mg/mL 8.8 mg/mL 37.1 mg (in 150 mL)
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death in each case was imidacloprid intoxication and the

manner of death in each case was suicide.

The method was validated to detect and quantify imida-

cloprid in post-mortem samples. To our knowledge, this

was the first time a post-mortem tissue distribution was

performed for the insecticide.
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