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Pesticide Mixture Poisoning: A Case Report
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1. Introduction

In an effort to improve food supplies, there has been an
extensive increase in the production and use of pesticides
globally. Pesticides help in controlling pests and insects in
a cost-effective way, and have become a common house-
hold item. They are chemicals that are intentionally added
to the natural environment with the purpose of removing
some form of life [1].

Poisoning and related mortality due to pesticides is a
major public health problem worldwide [2-3], and devel-
oping countries are exposed to this problem to a greater
extent [4]. The ingestion of pesticides is the most common
suicide method in the world with approximately one-third
of all suicide deaths occurring as a result of self-poisoning
with pesticides [5].

In this paper, we report a case involving the death of a
young couple after consumption of unknown poison. Toxi-
cological analysis revealed the presence of five different
pesticides in postmortem samples. The literature survey
shows other cases where a mixture of pesticides was used
with the intention of self-harm. The present case is the first

report of suicide by two persons using pesticide mixture.

2. Case Report

A 19-year-old male and a 16-year-old female were
brought to the casualty services of the hospital in an un-
conscious state by their family members. Both the victims
were declared dead on arrival. Local police were informed
by the hospital and an investigation was initiated to estab-
lish the cause of death. Upon investigation, it was revealed
that both the deceased were found in an unconscious state
in a farmhouse located in a village next to the city. How-
ever, the family members failed to provide any details such
as psychic conditions or circumstances of poisoning in the
case of both victims. The crime scene was searched by the
investigating team, but no physical clues such as any empty
container, bottles or wrappers were found.

The dead bodies of both deceased were sent for post-
mortem examination and were subjected to medico-legal
autopsy. Autopsy findings for both the deceased resulted in
similar observations. The time of death was approximated
to 28-30 hours before autopsy for both the deceased. The
external examination showed no signs of ante mortem in-

juries, needle marks, or any decomposition or putrefaction.

No physical clues were found on the bodies of the victims.
A bluish-green colored powdered substance in a small
quantity was recovered from the clothing of the female and
preserved for toxicological examination. No physical clues
were found on the clothing of the male victim. However,
froth was noticed from the mouth and nostrils in both the
cases. Brain, lungs, liver, spleen, gastric mucosa and both
kidneys were found in a congested condition during an in-
ternal examination. The observation of stomach contents
revealed the presence of the green colored semisolid mate-
rial. During the autopsy, samples of the stomach along with
its contents, portions of the liver, spleen, small intestine
and kidneys were preserved. The blood samples of both
the deceased were also preserved for toxicological analy-
sis. The collected samples were analyzed in our laboratory
to identify the unknown poison by systematic toxicological

examination.
3. Materials and Methods

3.1 Sample Preparation

The toxicological analysis was carried out systemati-
cally for unknown poisoning. The post-mortem samples
of both the deceased were examined for identification of
different groups of poisons like gaseous, volatile, and me-
tallic poisons in addition to pesticides and drugs. Visceral
samples, including stomach and its contents, liver, spleen,
kidney, small intestine, and blood were analyzed individu-
ally for different groups of poisons.

One hundred grams of tissue samples were taken and
cut into small pieces and divided into two portions. One
portion was processed to check for the presence of any
drug. The tissue samples were acidified with 50 mL acetic
acid, and solid ammonium sulfate was added to it to obtain
a saturated solution. This was kept in a water bath with
thermostatic control at a temperature of 60°C for protein
coagulation. After complete coagulation, the tissue samples
were allowed to cool at room temperature and filtered. The
aqueous layer was collected, and two-step liquid-liquid ex-
tractions were carried out. In the first step, aqueous filtrate
was extracted with 50 mL diethyl ether (3 times), and or-
ganic phases were collected. The remaining aqueous por-
tion was made alkaline (pH 9.0) by adding ammonia. The
alkaline aqueous phase was extracted with 50 mL chloro-
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form (3 times), and organic phases were collected. Both
the organic layers were filtered through anhydrous sodium
sulfate and evaporated to dryness. The dried organic phases
were reconstituted in methanol for analysis of drugs.

The second portion of tissues was analyzed to confirm
the presence of Organophosphorus (OP), Organochlorines
(OC), Carbamates and Pyrethroids groups of pesticides.
The tissue samples were soaked in a sufficient quantity of
n-hexane and kept overnight. The samples were filtered
through anhydrous sodium sulfate. The organic layer was
collected and evaporated to dryness. The dried filtrate was
reconstituted in acetone for further analysis of pesticides.

One mL blood samples were added with two mL each
of saturated solution of sodium tungstate and 1 N sulphuric
acid and heated on the water bath at the controlled tempera-
ture of 60 °C to facilitate the deproteination of blood. The
deproteinated samples were filtered to collect the aqueous
layer and divided into two portions and taken up for extrac-
tions of pesticides and drugs as described above.

The bluish green colored solid material recovered dur-
ing the autopsy was finely ground. HPLC grade methanol
was added to it and kept for ultra-sonication for 10 minutes
followed by filtration through a 0.45 gm nylon membrane
filter. The filtrate was examined for the presence of any

drug or pesticide with GC-MS screening procedure.

Table 1- Thin Layer Chromatographic (TLC) screening protocol.

3.2 TLC Analysis

Thin Layer Chromatography (TLC) was used for the
screening of different groups of drugs and pesticides. The
reference standard drugs and pesticides along with the re-
spective organic extracts were spotted on individual 20 x
20 cm Silica gel F254 TLC plates at a distance of 2 cm
from base, and elution was carried out up to 12 cm in suit-
able mobile phases. After elution, the plates were made to
dry at room temperature. The developed TLC plates were
visualized in ultraviolet light at 254 nm followed by spray-
ing various locating reagents. The details and observations

of the same are depicted in Table-1.

3.3 GC-MS Analysis

Organic extracts were analyzed for confirmation of
poisons using a simple in-house developed Gas Chroma-
tography —Mass Spectroscopy (GC-MS) method which
was routinely adopted in different cases for analysis of
both drugs and pesticides. A GC-MS system equipped
with a Finnigan Trace GC Ultra interfaced with a Thermo
DSQ Quadrupole MS, and Thermo Auto sampler AS 3000
(Thermo Fisher, USA) was used. A BP-5 capillary column
(30 m x 0.33 mm i.d x 0.5 pm film thickness) was used to
facilitate chromatographic separation. High purity helium
was used as a carrier gas at a constant flow rate of 1.2 mL/

min. The programmable injection port was operated at con-

Standard used for

Mobile Phase Target Poison/Drug Locating Reagent . Observations
Screening
Organo phosphorous Palladium Chloride Malathion, methyl Yellow spot was
Hexane: Acetone (9:1) £ano phosp . ’, y observed with both
pesticides solution parathion
standards and samples
Hexane: chloroform Organo chloro Z.mc chlor@e- Parrot green COI.O r
(1:1) esticides diphenylamine Endosulfan was observed with
' P solution- UV/ sunlight standard only
) ) Fast Blue-B Blue spot with
Hexane: Acetone (4:1) Carbamates (O-Dianisidine) Propoxur, carbaryl standards only
Chloroform: acetone . Mercuric chl.orlde Phenobarbitone, Purple spot in W.hlte
Barbiturates followed by Diphenyl . background with
(8:2) barbitone
carbazone standards only
Methanol : ammonia Benzodiazepines/ R Diazepam, lorazepam, Orange spot with
. Dragendroff’s reagent Alprazolam,
(100:1.5) narcotics . standards only
morphine.
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stant temperature splitless mode and kept at 250° C. The
MS transfer line temperature was 310°C, and source tem-
perature was kept at 200° C. Initial oven temperature was
kept at 80°C with a hold time of 1 min and was increased
in linear ramp rate of 10°C to a final temperature of 300°C
with a final hold time of 5 min. The sample injection vol-
ume was one pL. Electron impact ionization (EI) positive
mode was selected for operation of the mass spectrometer,
and full scan spectra in the mass range of 40-500 amu were
recorded. Xcalibur 1.4 software was used for data acquisi-
tion and processing, and results were screened using NIST,
Wiley and PMW mass spectral libraries to confirm the

presence of any pesticides and drugs.

4. Results

Toxicological results of the autopsy samples analyzed
were negative for the presence of any opiates, benzodiaz-
epines, barbiturates or other drugs. Results were negative
for the presence of any volatile poisons including ethyl al-
cohol and gaseous poisons. During the screening of pesti-
cides, TLC analysis indicated the presence of pyrethroids
and organophosphate groups. Further analysis by GC-MS
confirmed the presence of Alpha-Cypermethrin (Alpha-

methrin) (22.08), Fenvalerate (22.96), Ethion (17.68), Tri-
azophos (17.94) and Quinalphos (15.86) in both victims.
The values given in brackets denote the retention time in
minutes for individual compounds. Figure-1 depicts the
Total Ion Chromatogram (TIC) with mass fragmentation of
Quinalphos, and Figure-2 depicts the mass fragmentation
pattern of remaining compounds identified in one victim.
The GC-MS analysis of the bluish green solid powder
by adopting the above described method confirmed the
presence of Promethazine; however, it was not detected
in any biological samples. Through autopsy, stomach con-
tents revealed the presence of a green colored semisolid
material, which can be attributed to use of commercial pes-

ticide formulation by the two deceased.

5. Discussion

Recent years have witnessed an enormous increase in
the agricultural use of pesticides, mainly of OP, OC and
The

Asia-Pacific region witnesses agrochemical poisoning as

pyrethroid groups, to protect crops from insects.

a leading cause of mortality due to exposure to OP, OC,
and aluminum phosphide compounds being an integral part

of agriculture and their availability at low cost [6]. Easy
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Figure 1- Total Ion Chromatogram (TIC) with mass fragmentation of Quinalphos.
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Figure 2- Mass fragmentation of remaining compounds.

availability of these pesticides in India has led to a jump
in cases of human poisoning. The incidents of poisoning
are common in individuals of low economic status and in
suicidal deaths in India; organophosphorus pesticides are
most commonly used [7].

Ethion, Quinalphos, and Triazophos, which were
detected in the toxicological specimens, are OP group
of pesticides. These pesticides are mainly esters, am-
ides and thiol derivatives of phosphoric acid. Chemi-
cally Ethion {IUPAC name; 0,0,0’,0’-Tetraethyl S,S’-
methylene bis(phosphorodithioate) molecular formula
CI9H2204P2S4; Molecular weight: 384.5} is a dithiophos-
phoric acid derivative and is used to control a range of
pests including spiders, mites, aphids, scale insects, leaf-
hoppers and soil pests in a wide range of crops. Quinal-
phos {IUPAC name: O,0-Diethyl O-quinoxaline-2-Cyl
phosphorothioate; Molecular formula: C12 HI15N2O3PS;
Molecular weight: 298.3} is an ester of phosphorothioic
acid and Triazophos {IUPAC name: O,0-Diethyl O-( I-phe-
nyl-LH-1,2 4-triazole-3-yr) phosphorothioate; Molecular

Formula: C12H16N303PS; Molecular weight: 313.3} is a
Phosphorothioate type of OP pesticide. Triazophos is used
to control insects and mites in a wide range of crops.

OP compounds inhibit acetylcholinesterase (AChE)
and butyrylcholinesterase enzymes resulting in overstimu-
lation at cholinergic synapses [8]. The toxic mechanism is
based on the irreversible inhibition of AChE due to phos-
phorylation of the active site of the enzyme. This leads to
accumulation of acetylcholine and subsequent over-acti-
vation of cholinergic receptors at the neuromuscular junc-
tions and in the autonomic and central nervous systems.
The rate and degree of AChE inhibition differs according
to the structure of the OP compounds and the nature of their
metabolite [9].

The other two pesticides, Alpha-Cypermethrin and
Fenvalerate confirmed by GC-MS analysis, are synthetic
pyrethroids. The presence of alpha-cyano group classifies
the pyrethroids according to their chemical structures into
two distinct types. The group which does not contain the

alpha-cyano moiety in their structure are type I pyrethroids,
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and the one which has alpha-cyano functional group in
their structure are classified as type II pyrethroids.
Alpha-Cypermethrin (Molecular Formula:
C22H19CI2NO3; Molecular Mass 416.3), a type II py-
rethroid, is a racemic mixture {I[UPAC names: (S)-
3R)-3-(2,2-dichlo-
rovinyl)-  2,2-dimethylcyclopropane-carboxylate  and
(R)- o -cyano-3-phenoxybenzyl-(1S,3S)-3-(2,2-dichlo-
rovinyl)-  2,2-dimethylcyclopropane-carboxylate}. It

a-cyano-3-phenoxybenzyl-(IR,

is also commonly known as alphamethrin. Fenvalerate
{IUPAC name: (RS)-a-cyano-3-phenoxybenzyl (RS)-
2-(4-chlorophenyl)-3-methylbutyrate} is another type II
pyrethroid. It is a racemic mixture of four stereoisomers
([2S, aS], [2S, oR], [2R, aS] and [2R, oR]) found in ap-
proximately equal proportions owing to the presence of
two chiral centers in the structure [10].

Pyrethroids impair ion transport through the membrane
of nerve axons, causing muscular paralysis in the insect;
death seems to follow a nervous system impairment that
occurs within a few minutes after pesticide absorption. Py-
rethroid insecticides act on the nerves of both insects and
higher animals, inducing a transient increase in sodium per-
meability of the nerve membrane during excitation. This
action results in relatively short trains of repetitive nerve
impulses in sensory nerve fibers. Type I pyrethroids cause a
moderate protraction of the sodium channel permeability in
the nerve membrane; type II causes a long-lasting protrac-
tion of sodium permeability of the nerve membrane during
excitation [11]. The central nervous system (CNS) effects
are suggested to be related to the decrease in chloride chan-
nels gated with gamma — aminobutyric acid (GABA), mod-
ulation of nicotinic cholinergic transmission, enhancement
of adrenaline release and action on calcium channels [12].

There is no dearth of literature dealing with the toxicity
of pesticides. During the literature survey, we found that
there are some case reports in which the pesticide mixtures
are encountered. The pesticide mixtures in these cases are
commercially available pesticide formulations. They are
mainly pyrethroid-based formulations [13], OP based for-
mulations [14-15] and OP- pyrethroid mixtures [16-17].
However, all these cases deal with the clinical complica-

tions with no involvement of postmortem samples.

6. Conclusion

In the present case report, the toxicological examina-
tion of the samples revealed the presence of a mixture of
five different pesticides. The case report is of particular fo-
rensic interest as a case of double suicide in which such a

mixture was used to cause death.
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