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Abstract
This case report describes a detection and quantitation method
for diazinon and its major metabolite, 2-isopropyl-4-methyl-6-hydroxypyrimidine (IMHP), in postmortem blood and tissue samples
from a fatal case of diazinon ingestion. Diazinon and IMHP were
extracted from postmortem samples with a liquid/liquid method
and analyzed by gas chromatography mass spectrometry (GC/MS).
By comparing to diazinon standard and matching the retention
time, diazinon was detected in two visceral organs, the stomach
(0.89 µg/g) and the small intestine (8.80 µg/g). The highest level
of diazinon was detected in the small intestine (8.80 µg/g), whereas
the highest amount of IMHP was noted in the kidney (0.84 Area %)
and bladder (0.75 Area %).
In conclusion, determination of IMHP in postmortem samples
could be used as an indicator for diazinon exposure, especially in
the case of delayed death; whereas, the small intestine could be
the best source of sample in diazinon assessment in cases of fatal
diazinon ingestion.
Keywords: Forensic Sciences, Diazinon, IMHP, Pesticides,
GCMS, Postmortem, Forensic Toxicology.
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امل�ستخل�ص
من خالل تقرير احلالة املدرو�س مت و�صف طريقة ك�شف وحتديد
-methyl-4-isopropyl-2 كمي ملادة الديازينون وناجت �أي�ضه الرئي�سي
) يف عينات الدم والأن�سجة ما بعدhydroxypyrimidine (IMHP-6
 وا�ستخل�صت مادة.الوفاة حلالة وفاة ناجتة عن تناول مادة الديازينون
 من عينات ما بعد الوفاة بطريقةIMHP  ومادة الـDiazinon الديازينون
 �سائل ومن ثم حللت بوا�سطة جهاز كدوماتوغرافيا- ا�ستخال�ص �سائل
 و�أظهرت النتائج وجود.)GC/MS( الغاز املقرتن مبطياف الكتلة
) وعينات الأمعاء الدقيقة0.89 µg/g( الديازينون يف كل من عينات املعدة
) وذلك من خالل مقارنتها مبادة الديازينون القيا�سية8.80 µg/g(
 ومت الك�شف عن �أعلى م�ستويات الديازينون يف.ومطابقة زمن االحتفاظ
 يفIMHP  يف حني وجدت �أعلى كمية من،)8.80 µg/g( الأمعاء الدقيقة
 م�ساحة0.75( ) وعينات املثانة٪ م�ساحة �سطحية0.84( عينات الكلى
 يف عينات بعدIMHP  وت�ستنتج الدرا�سة �أن حتديد مادة الـ.)٪ �سطحية
الوفاة ميكن �أن ي�ستخدم كدليل �إر�شادي للتعر�ض ملادة الديازينون خا�صة
 يف حني �أن الأمعاء الدقيقة ميكن �أن تكون �أف�ضل،يف حالة الوفاة املت�أخرة
.عينة يف تقييم الديازينون يف حالة ابتالع الديازينون املميت
،Diazinon ،IMHP ، علوم الأدلة اجلنائية:الكلمات املفتاحية
. علم ال�سموم اجلنائي، ما بعد الوفاة.GC/MS ،املبيدات
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1. Introduction
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thion pesticide [12]. The toxic effects may be attributed to

Diazinon is a regularly utilized organophosphorus pes-

the inhibition of acetylcholinesterase (AChE) by diazinon

ticide in agricultural settings, and classified as a class II

and its metabolites [9]. From a toxicokinetic point of view,

hazardous pesticide by the WHO (Class II: moderately

diazinon is highly and rapidly metabolized to 2-isopropyl-

hazardous pesticide). It is also among the most common

4-methyl-6-hydroxypyrimidine (IMHP). Due to the rapid

causes of pesticide poisoning in several countries [1]. It has

metabolism, diazinon level is useful to evaluate recency of

been broadly utilized as a part of some household pesti-

exposure, while IMHP is commonly used as an indicative

cides [2]. As a result of its risk to human health, the do-

marker for diazinon exposure [13].

mestic use of diazinon was banned in the United States and

A report from the Department of Preventive Medicine

Canada [3, 4]. In numerous countries, diazinon is still com-

in the General Directorate of Health Affairs, Jazan (KSA)

monly used for household pesticide purposes and misused

showed that diazinon cases were the most frequent cases

for the treatment of head lice [5, 6]. Since diazinon is still

of organophosphorus poisoning and that it has been associ-

utilized for residential use to control a variety of household

ated with stomach hemorrhages, cardiac arrest and respira-

insects in Saudi Arabia, diazinon exposure and toxicity in

tory arrest (unpublished data). In this report, a fatal case of

the general population, especially women and children, are

diazinon ingestion and methods ot its extraction and detec-

expected to be high. Diazinon toxicity may occur through

tion are presented.

lungs and skin, but this usually depends on the purpose and
method of its application. It has a rapid and extensive oral

2. The Case

absorption and can be absorbed through the lung and skin.

A 30-year-old male ingested an unknown amount of

Its absorption depends on the applied area and the type of

diazinon (Diazinon 60%). He was admitted to the hospi-

vehicle used [7, 8].

tal twelve hours prior to his death. During hospitalization,

There is a limited data regarding the distribution of di-

pralidoxime and atropine doses were given and gastric la-

azinon in the human body. In a fatal case of diazinon inges-

vage was performed to prevent further absorption of the

tion, diazinon was detected in several tissues in postmor-

ingested diazinon in the stomach. After death, postmortem

tem samples [7, 8]. Some fatality cases showed that the

samples were sent for toxicological analysis as organo-

victims died with acute pancreatitis, cardiac arrest, respira-

phosphorus suspected death. The goal of this report was to

tory failure and coma [9, 10]. However, the main cause of

discuss an analytical technique to determine the presence

death was mainly attributed to respiratory failure and cardi-

of diazinon and IMHP in postmortem samples from a fatal

ac arrest [11]. A diazinon-related death report showed pete-

case of diazinon ingestion. The method of extracting and

chial hemorrhages in the stomach and gastric mucosa dur-

analyzing diazinon and its metabolites are discussed.

ing autopsy of a 54-year-old female who ingested around
293 mg/kg of diazinon [7]. Another diazinon related death

3. Materials and Methods

showed a cardiac and respiratory arrest in an 8 year-old girl

3.1. Reagents and Chemicals

who accidently ingested a mixture of diazinon and para-

Petroleum ether, diethyl ether and ethyl acetate were
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obtained from Sigma-Aldrich (Sigma Aldrich, Germany).

rated to dryness under nitrogen stream. The residues were

Diazinon standard was supplied by King Faisal Specialist

reconstituted with 75 µL ethyl acetate and made ready for

Hospital and Research Centre (KFSH&RC, Saudi Arabia).

GCMS analysis. Matrix matched calibrators were prepared
by spiking negative samples with diazinon standard. Cali-

3.2. Sample Preparation

bration levels were 100, 200, 400, 600, 800, 1000 and 1500

All samples were extracted without pH control by the

ng/ml (Figure-1). Control samples were prepared by spik-

liquid-liquid extraction method described by Kiljanek et

ing diazinon standard to negative samples of various ma-

al. (2011) with some modifications [14]. Briefly, 1 mL of

trices, and the levels were 100, 400 and 1000 ng/mL. Both

blood sample or 1 gram of small segments of each tissue

calibrators and controls were extracted using the same ex-

sample (brain, liver, kidney, stomach, bladder and small in-

traction method.

testine) were placed in a 50 mL glass vial with a screw cap.
Five mL of organic solvent (mixture of petroleum ether and

3.3. GC-MS Analysis
Samples were analyzed using Shimadzu GC/MS in-

to stand for 24 hours at room temperature. The next day,

strument (GCMS-QP2010 ultra). An injection volume of

vials were vortexed and centrifuged for 5 minutes at 3000

2 µL of each sample was utilized and the GC/MS was set

RPM. Then, 3.5 mL of organic layer in each vial was fil-

to 270 ºC in splitless mode. Helium was the carrier gas set

tered and transferred to clean 16 ml glass tubes and evapo-

at a flow rate of 1.2 mL/min. The chromatographic separa-

Peak Area (mm2)

diethyl ether 4:1) was added to each sample and allowed

Diazinon concentration (ng/mL)
Figure 1- Calibration curve for diazinon (100, 200, 400, 600, 800, 1000 and 1500 ng/mL) by GC/MS, R2=0.995.
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tion was carried out using Restek capillary column (Rxi®-

(Figure-2) showed diazinon peak at a retention time (RT) of

5Sil MS) with 30 meter length, 0.25 mm ID and 0.25 µm

9.81 min and m/z 179, 137 and 152 in the spectrum. Diazi-

film thickness. The initial temperature was 70 ºC and was

non detection was confirmed by using a diazinon standard

ramped to 290 ºC at a rate of 15 ºC and held for 20 minutes

and matching the retention time and library search between

at the maximum temperature. The transfer line tempera-

the samples and the standard. The retention time of the

ture was 240 ºC and the EI ion source was set at 200 ºC.

diazinon standard was 9.81 min. Also, all samples (brain,

The total time of GC/MS analysis was 30 minutes for each

liver, kidney, stomach, blood, bladder and small intestine)

sample. The MS was operated in scanning mode, starting

were positive for diazinon major metabolite (2-isopropyl-

from m/z 40 to m/z 500.

4-methyl-6-hydroxypyrimidine; IMHP) as the library

4. Results

search revealed scores above 90% with similarity index
(SI). The GC/MS chromatogram (Figure- 3) showed IMHP

GC/MS analysis of samples showed that the parent

peak at a RT of 6.37 min and m/z 137, 152 and 84 in the

compound (diazinon) was detected only in two visceral or-

spectrum. Table-1 shows analysis of postmortem samples.

gans, the stomach (0.89 µg/g) and the small intestine (8.80
µg/g). GC/MS chromatogram acquired for small intestine

Figure 2- GC-MS chromatogram of extracted diazinon in small intestine. Window (A) shows the RT at 9.81 min. Window (B) shows the acquired
spectrum with the three main fragments at m/z 179, 137 and 152.
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Figure 3- GC-MS chromatogram of diazinon metabolite IMHP in Liver. Window (A) shows the RT at 6.37 min. Window (B) shows the acquired spectrum
with the three main fragments at m/z 137, 152 and 84.

Table-1: GC-MS analysis of diazinon and IMHP in postmortem samples.

Sample
Type

Diazinon

2-Isopropyl-6-methy-4-pyrimidone

µg/g

Rt (Min)

M/Z

Detected

Rt (Min)

M/Z

SI %

Area %

Brain

ND

-

-

Yes

6.38

137,152,84

93

0.74

Liver

ND

-

-

Yes

6.37

137,152,84

89

0.29

Kidney

ND

-

-

Yes

6.38

137,152,84

93

0.84

Stomach

0.89

9.82

179,137,152

Yes

6.38

137,152,84

94

0.36

Bladder

ND

-

-

Yes

6.37

137,152,84

86

0.75

Blood

ND

-

-

Yes

6.36

137,152,84

73

0.59

Small
Intestine

8.80

9.81

179,137,152

Yes

6.43

137,152,84

94

0.55

ND, Not Detected; Rt, Retention Time; SI, Similarity Index; Area %, The percentage of peak area, which is proportional to the amount of
diazinon
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negative results for diazinon in other organ extracts could

The residential use of diazinon still occurs in the Jazan

be attributed to the rapid metabolism of diazinon [21]. Such

region, Saudi Arabia. Therefore, the poisoning with diazi-

rapid metabolism is mediated by CYP1A1, the primary en-

non belong to the most frequent cases among organophos-

zyme involved in diazinon bioactivation, and CYP2C19,

phorus toxicities. Women and children were the most prev-

the primary enzymes involved in diazinon detoxification

alent, possibly because women misuse diazinon as a home

[22], which are highly expressed in the human liver. There-

pesticide in non-ventilated areas as well as a treatment for

fore, determination of the diazinon in stomach and small

head lice in children [5]. Most of the diazinon ingestion

intestine samples can provide evidence of recent exposures

cases were nonfatal [15, 16], but some rare fatalities have

in cases of fatal diazinon ingestion.

also been reported [7, 12]. Therefore, restricting the use of

In addition, IMHP, the major metabolite of diazinon,

diazinon and raising awareness in the community about the

was found in all postmortem samples. According to the

dangers of diazinon and how to use it safely are necessary

peak areas of the IMHP, the highest levels were observed

preventative measures.

in the kidney, then in the bladder and the brain, followed

Most signs and symptoms of diazinon toxicity are relat-

by blood and small intestine. The lowest levels were noted

ed to cholinergic manifestation, which is mediated through

in stomach and liver (Table-1). It is difficult to compare

the inhibition of serum AChE activity. Toxicity increases

this case with other cases due to different circumstances of

when the reduction reaches 50% or more in enzyme ac-

death and no data available about the quantity of diazinon

tivity [17]. In the present case, the blood sample was he-

consumed. Furthermore, different analytical techniques

molyzed and, therefore, was not eligible for serum AChE

and instruments are used in the extraction and identifica-

activity analysis by a colorimetric method that could be

tion of the poison. This case report demonstrates that the

utilized as a confirmatory test for organophosphorus poi-

determination of IMHP in postmortem samples could be

soning. Therefore, the detection of diazinon and IMHP in

used as an indicative marker for diazinon exposure, espe-

postmortem samples was used as a confirmatory test for

cially in the case of delayed death; whereas, the small in-

diazinon exposure. From the toxicokinetic point of view,

testine could be the best sample in diazinon assessment in

diazinon is a basic lipophilic compound with a high vol-

cases of fatal diazinon ingestion.

ume of distribution that may undergo postmortem redistribution [18, 19].
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