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Abstract

Background: Pesticide poisoning is recognized as an important public health problem worldwide, especially in the
developing countries, such as Tunisia, where these products are massively used in agriculture. The objective of our
study was to document the forensic deaths caused by pesticides reported from a forensic center located in the
coastal region of Tunisia.

Methods: This is a 19-year retrospective descriptive study of lethal pesticide poisoning victims autopsied in the
Department of Forensic Medicine at Farhat Hached University Hospital in Sousse, Tunisia, from 1991 to 2009.

Results: One hundred thirty deaths were collected. The majority of the victims were female (62% vs 38%). The
mean age was 27.46 years with the highest frequency of poisoning deaths occurring in the 21-30 years age group
(34%). Eleven percent of the victims were found in a state of coma and 4.6% suffered from respiratory distress.
Signs observed during the external examination of the bodies were as follows: bluish discoloration of the lips and
the limbs (n = 130, 100%), leakage of urine (n = 13, 10%), foaming at the mouth or the nose (n = 66, 50.8%). The
most frequent signs found during autopsies were pulmonary edema in 88.4% of the cases and multiorgan
congestion in 86.9%. Toxicological screening of the stomach content was positive for pesticides in 126 cases.
Intoxication was mainly caused by cholinesterase inhibitor insecticides: carbamates (50%) and organophosphorus
compounds (31.5%). In 92% of cases, death was in a context of suicide.

Conclusions: This study shows that a large proportion of pesticide poisoning deaths are preventable. Prevention is,
on the one side, by restricting the availability of pesticides and on the other side by promulgating more vigorous
legislation concerning the manufacturing, the marketing, and the use of these products.
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Background
Pesticide poisoning is responsible for overwhelming
morbidity and mortality worldwide, especially in devel-
oping countries where these products are massively used
in agriculture (World Health Organization and Food and
Agriculture Organization of the United Nations, 2016).
According to the World Health Organization (WHO), the
incidence of pesticide poisoning is estimated between 1

and 5 million victims with 300,000 lethal cases annually
(World Health Organization and Food and Agriculture
Organization of the United Nations, 2016). Thus, it is rec-
ognized as an important public health problem around
the world (World Health Organization and Food and
Agriculture Organization of the United Nations, 2016).
Pesticides can be classified according to their chemical

properties as organophosphorus compounds (OP), car-
bamates, organochlorine compounds (OC), and chloral-
ose (Yadav and Devi, 2017). OP and carbamates are the
most widely used products and they account for the ma-
jority of lethal cases (World Health Organization and
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Food and Agriculture Organization of the United Na-
tions, 2016).
Agriculture is one of the most important sectors in the

Tunisian Economy (Trading economics 2019). It con-
tributes up to 10% in the gross domestic product of the
country (Trading economics 2019). To ensure the effi-
ciency of this activity, pesticides are frequently used. Al-
though there are specific laws regulating the use of
pesticides in Tunisia, the insufficiency of the legislation
and the lack of the application fail to prevent the indis-
criminate use of these products.
Many studies carried worldwide emphasize the gravity

of pesticide poisoning (Maria et al. 2006; Kahraman et al.
2008; Qian et al. 2009; Derkaoui et al. 2011; Idiz et al.
2012; Wang et al. 2019; Gummin et al. 2019). However,
there are few studies reporting pesticide-poisoning-related
deaths in Tunisia. Hence, this study aimed to document
the forensic deaths caused by pesticides reported from a
forensic center located in the coastal region of Tunisia be-
tween the years 1991 and 2009.

Methods
Located on the east coast of Tunisia, Sousse is the third big-
gest city in terms of population. The Department of Foren-
sic Medicine at Farhat Hached University Hospital is the
second major forensic Institute in Tunisia, serving Sousse
and other cities located in the central region of Tunisia.
A retrospective descriptive 19-year review of data from

130 pesticide poisoning autopsies performed by the De-
partment of Forensic Medicine at Farhat Hached Uni-
versity Hospital of Sousse between January 1, 1991, and
December 31, 2009, was carried out. Data were obtained
from judicial requisitions, autopsy reports, toxicology,
and histology results. Judicial requisitions contained the
identity of the victims and a brief description of the cir-
cumstances of death.
If the cause of death is apparent by scene investigation

and review of clinical history, external examination is a
general rule. All autopsy cases were subjected to com-
prehensive toxicology testing for pesticides, drugs, and
alcohol. Specimens including blood, urine, and stomach
contents were collected from each victim at autopsy.
Pesticide poisoning was confirmed in these cases by ana-
lyzing the substance using thin-layer chromatography
and gas chromatography–mass spectrometry at the
Toxicology Department of Farhat Hached University
Hospital.
This study was approved by the ethics committee of

Farhat Hached University Hospital of Sousse, Tunisia.

Results
Between 1991 and 2009, 6812 autopsies were performed
in the Department of Forensic Medicine at Farhat
Hached University Hospital in Sousse, Tunisia. Three

hundred and ten deaths (4.5%) were attributed to lethal
intoxication. Among them, 130 (41.9%) were resulted
from pesticide-poisoning. One hundred twenty-six of the
cadavers were autopsied. The remaining 4 were patients
hospitalized for a long duration in reanimation units with
existing toxicology screening confirming the intoxication.
Therefore, an external examination was sufficient.
The majority of the victims were female (62% vs 38%).

The mean age was 27.46 years with extreme ages between
8months and 90 years. The highest frequency of poison-
ing deaths was in the 21-30 years age group (34%).
Seventy-two percent of the victims (n = 94) lived in

rural areas, 61.5% (n = 80) were jobless, 76.1% (n = 99)
were single, and 13.8% (n = 18) had a psychiatric history.
The socio-demographic and medical characteristics of
the victims are detailed in Table 1.
The frequencies of pesticide-poisoning deaths accord-

ing to the seasons of the year were as follows: summer
35%, spring 26%, winter 22%, and autumn 17%.
Eleven percent of the victims (n = 14) were found in a

state of coma, 4.6% (n = 6) suffered from respiratory dis-
tress, and 4.6% exhibited intense vomiting. Intoxication
symptoms are detailed in Table 2. The places where
death occurred were 40% (n = 52) in medical facilities,
27.6% (n = 36) at home, 23.8% (n = 31) during medical
transportation, 5.3% (n = 7) in public places, and 3% (n
= 4) in the workplace. Twenty-one percent of the vic-
tims (n = 27) were hospitalized in intensive care units
during 1 to 35 days with an average period of 5.84 days.
Signs observed during the postmortem external exam-

ination of the bodies were as follows: bluish discolor-
ation of the lips and the limbs (n = 130, 100%), leakage
of urine (n = 13, 10%), traces of vomiting over the
clothes (n = 4, 3.07%), foaming at the mouth or the nose
(n = 66, 50.8%), and traces of tongue biting (n = 5,
3.84%). One victim had signs of recent sexual assault.
The most frequent signs found during autopsies were
pulmonary edema in 88.4% of the cases and multiorgan
congestion in 86.9% (Table 3). The stomach content was
green in 33 cases suggesting an intoxication with Lan-
nate pesticide.
Toxicological screening of the stomach content was

carried out in all the 126 autopsies and was positive for
pesticides. Toxicology screening of urine was carried out
in 90 cases and revealed chloralose intoxication in 14
cases. The anti-cholinesterase activity in the blood was
measured in 107 cases and was normal in 9 cases (6.9%),
low in 4 cases (3.1%), and very low in 94 cases (72.3%).
Carbamate insecticides were the main identified pesti-
cides (n = 65, 50%); the other products were OP insecti-
cides (n = 41, 31.5%), chloralose rodenticides (n = 18,
13.8%), and OC insecticides (n = 2, 1.5%). Methomyl
was the main carbamate compound incriminated in poi-
soning deaths (n = 28, 21.5%). The three identified OP
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were dichlorvos, parathion, and Quickphos. Carbamaze-
pine was found in the stomach content of 2 victims and
haloperidol and phenobarbital in 2 other cases. Histo-
logical examination was carried out in 10 cases. It re-
vealed pulmonary edema in 7 cases, acute broncho

pneumopathy in 3 cases, multi-organ congestion in 6
cases, cerebral edema in 2 cases, and acute pancreatitis
in 4 cases.
Pesticide poisoning deaths were due to suicide (n = 120,

92.3%), followed by accidents (n = 8, 6.1%), and homicide
(n = 2, 1.5%). Familial conflicts were the triggering factor
in 29.2% of the cases of suicide (n = 38). One male victim
committed suicide after being sexually assaulted. Four in-
fants were accidentally poisoned while they were playing.

Discussion
The present study revealed that the ratio of pesticide-
related deaths to all poisonings was 41.9%. Similar ratios
were observed in other agricultural producing countries. In
China, for instance, Qian reviewed the records of 218 poi-
soning deaths from the Tongji Center for Medicolegal Ex-
pertise in Hubei, from 1999 to 2008 (Qian et al. 2009). He
reported that 37.6% of toxic deaths were caused by pesti-
cides. These cases are fewer in occidental countries. In fact,
in the USA, pesticides were incriminated only in 3.47% of
the cases of poisoning in 2018 (Gummin et al. 2019).
In the present study, the mean age of fatal pesticide-

poisoning victims was 27.46 years. Kahraman et al. evaluated
pesticide poisonings in a University Hospital in Turkey, from
June 1, 1993, to June 31, 2007, and they reported that the
mean age was 34.1 years (Kahraman et al. 2008). In the study
of Derkaoui et al., reviewing 28 patients intoxicated with or-
ganophosphorus pesticides in Fès, Morocco, for 7 years be-
tween January 2003 and December 2010, the mean age was
also young 24.5 years (Derkaoui et al. 2011). In fact, this
period of age is associated with big social pressure for young
adults leading to suicide by pesticide poisoning (Turecki
et al. 2019). We found that 21% of intoxication victims were
children aged under 18 years. Similarly, Maria et al. reported
that 6.6% of the cases of poisoning in the state of Mato
Grosso do Sul, Brazil, from 1992 to 2002, concerned children
aged between 5 and 14 years (Maria et al. 2006). Pesticide
poisoning among children is frequently accidental. In this
period of age, children tend to explore the outside world and
they interact with objects by putting them in their mouths
(Gooch et al. 2016).

Table 1 Sociodemographic and medical characteristics of the
victims

Modality n %

Sex Male 49 38

Female 81 62

Age < 10 9 6.9

10-20 years 31 23.8

21-30 years 44 33.8

31-40 years 22 16.9

41-50 years 14 10.7

51-60 years 5 3.8

61-70 years 1 0.7

71-80 years 2 1.5

81-90 years 2 1.5

Origin Rural 94 72

From town 36 28

Marital status Single 99 76.1

Married 23 17.6

Divorced 7 5.3

Widowed 1 0.7

Occupation Jobless 80 61.5

Day laborer 10 7.6

Students 40 30.7

Medical history Psychiatric history 18 13.8

Neurological disorder 7 5.3

Nature of psychiatric disorder Depression 12 9.2

Schizophrenia 1 0.7

Behavioral disorders 12 9.2

Nature of the neurological disorder Mental retardation 7 5.3

Hemiplegia 1 0.7

Epilepsy 5 3.84

Table 2 Symptoms of the intoxication

Symptom n %

Coma 14 10.7

Vomiting 6 4.6

Respiratory distress 6 4.6

Cardiac arrest 5 3.8

Convulsions 4 3

Malaise 11 8.4

Unknown 84 64.6

Table 3 Signs during autopsy

Sign n %

Multi-organ congestion 113 86.9

Cerebral edema 46 35.3

Pleural effusion 12 9.2

Pulmonary edema 115 88.4

Mucus in the bronchi 69 53

Ascites 4 3

Intestinal hemorrhage 18 13.8

Pregnancy 3 2.3
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A female predominance was observed in our study.
Derkaoui et al. reported a similar rate of female victims
(67%) in Morocco (Derkaoui et al. 2011). This may be
explained by the fragile attitude of women facing con-
flicts. It is also known that women hesitate and choose
uncertain modalities of suicide such as pesticide poison-
ing compared to men who prefer more radical methods
such as hanging (González et al. 2015).
As is the case in many studies, we have noticed that the

majority of pesticide poisoning cases happened in rural
areas (Maria et al. 2006; Kahraman et al. 2008; Qian et al.
2009; Derkaoui et al. 2011; Idiz et al. 2012; Wang et al.
2019; Gummin et al. 2019). This is mainly because pesti-
cides are frequently used in agriculture. Furthermore,
these regions are distant from medical facilities which
make access to urgent medical assistance difficult. The
low socioeconomic position and the poor educational level
are also major risk factors (Idiz et al. 2013). In our study,
13.8% of the victims had a psychiatric history. Many stud-
ies emphasized on the role of psychiatric disorders in trig-
gering suicide (Maria et al. 2006; Kahraman et al. 2008;
Qian et al. 2009; Derkaoui et al. 2011; Idiz et al. 2012;
Wang et al. 2019; Gummin et al. 2019).
Four victims were found in a state of coma. Coma is

one of the most frequent signs of chloralose intoxication
and it is generally profound (Richardson et al. 2019).
Five percent of the victims exhibited respiratory symp-
toms. This is due to the bronchoconstriction and hyper-
secretion of mucus in the bronchi consequent to the
muscarinic effect. OP may also, induce the paralysis of
peripheral respiratory muscles when they interact with
the nicotinic receptors and depress the central nervous
respiratory centers (Nordgren and Bailey 2016).
Bluish discoloration of the lips and the limbs resulting

from severe hypoxia was observed in all the victims.
These signs are nonspecific of pesticide poisoning deaths
and may be found in natural deaths. In our study, the
most frequent signs discovered during autopsies were
pulmonary edema and multiorgan congestion conse-
quent to cardiac failure. Four victims had histological
signs of acute pancreatitis. Yoshida et al. also reported
cases of pancreatitis consequent to OP intoxication
(Yoshida et al. 2015). Sixty-nine victims had abundant
mucus in the bronchi. This is explained by the hyper-
activity of the parasympathetic system induced by the in-
toxication (Mostafalou and Abdollahi 2017).
In our study, the most incriminated products were

carbamate insecticides in 50% of the cases followed by
OP insecticides in 31.5%. Idiz et al. reviewed the deaths
from pesticide poisoning occurring in Izmir, Turkey,
from 2006 to 2009, and found that similar to our study
carbamate insecticides were the major cause of death
(Idiz et al. 2012). On the contrary, in the study of Wang
et al. concerning pesticide poisoning in Jiangsu Province,

China, from 2007 to 2016, the number of poisonings by
organophosphate pesticides was the highest (18,548), ac-
counting for 60.2% of all cases (Wang et al. 2019). Car-
bamates and organophosphates are anticholinesterase
agents. Deaths are related essentially to respiratory dis-
orders (Mostafalou and Abdollahi 2017). We found that
only two victims were intoxicated with OC insecticides.
This is due to the official ban of these products from
commercialization (Strategic Approach to International
Chemical Management (SAICM) Regional SAICM Im-
plementation Report, 2012). Nevertheless, the Pesticide
Action Network report estimates that an enormous
stock of absolute OC products remains undestroyed
explaining the occurrence of sporadic cases of intoxica-
tion with such compounds (Strategic Approach to Inter-
national Chemical Management (SAICM) Regional
SAICM Implementation Report, 2012). Eighteen victims
in our study were poisoned with an alpha chloralose ro-
denticide. In the literature, few cases of chloralose poi-
soning have been reported (Maria et al. 2006; Kahraman
et al. 2008; Qian et al. 2009; Derkaoui et al. 2011; Idiz
et al. 2012; Wang et al. 2019; Gummin et al. 2019). Issi-
fou analyzed 92 cases of fatal pesticide poisoning in the
region of Sfax, south Tunisia, and found that chloralose
poisoning represented 10.9% of the cases of pesticide in-
toxication deaths (Issifou 2004). The toxic dose of chlo-
ralose is 1 g among adults and 20 mg/kg among infants
(Mostafalou and Abdollahi 2017). Deaths are essentially
due to neurological disorders leading to coma (Mostafa-
lou and Abdollahi 2017).
In the present study, suicide (n = 120, 92%) was the

most common manner of death followed by accidents (n
= 8, 6.1%). In a previous study by Idiz et al, suicide was
also the major method of death (43.8%) (Idiz et al.
2012). In China, however, a retrospective study carried
out in the Forensic Department of Tongi showed that
poisoning was essentially accidental (Qian et al. 2009).
One of the male victims in the current study committed
suicide after being sexually assaulted. It is known that
sexual assaults increase the risk of suicide (Mathilde
et al., 2013). In our study, two infants aged 6 and 8
months were poisoned by their mothers. In the litera-
ture, criminal pesticide-poisoning cases are also rare.
Helena et al., for instance, reported that homicide with
pesticide poisoning represented only 1% of cases of toxic
deaths (Helena et al. 2004).
The modalities of the use of pesticides are fixed by the

WHO and the specific legislation of each country. In
fact, the WHO defines each pesticide by its name, a
number of the WHO standard, and the concentration of
the active ingredient in its formula (World Health
Organization and Food and Agriculture Organization of
the United Nations, 2016). Class Ia includes extremely
hazardous pesticides while class III is composed of
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slightly hazardous compounds. In Tunisia, law number
1961-39 promulgated on the 7th of July 1961, stipulates
that pesticides cannot be commercialized without get-
ting an official authorization from the authorities (Offi-
cial Printing Office of The Republic of Tunisia 1961).
Furthermore, this same law prohibits the conservation
and the marketing of these products in facilities near
food products. The 7th article of this same law also pro-
hibits selling pesticides to children aged under 16 years.
Moreover, law number 2010-2973 promulgated on the
15th of November 2010, states that in agriculture, pesti-
cides must be used only by individuals with prior experi-
ence in pesticide management practices (Official Printing
Office of The Republic of Tunisia 2010). It also insists that
the nature of pesticides and the precautions for use must
be clearly mentioned on the product package.
The restriction of the availability of pesticides and the

promulgation of more strict legislation is known to be the
most efficient preventive measures (World Health
Organization and Food and Agriculture Organization of
the United Nations, 2016) (Flemming et al. 2003). For in-
stance, in the USA, the instauration of rigorous legislation
concerning pesticide marketing and use reduced intoxica-
tion accidents significantly (Donley 2019). In the third
world, the rigorous application of regulatory measures has
also led to a significant decrease in pesticide-related mor-
tality in several countries (Flemming et al. 2003). For ex-
ample, the Department of Agriculture of Sri Lanka
banned the use of fenthion and dimethoate, two class II
pesticides, from June 2003. The comparison of the data 1
year before the ban (01 July 2002 until 30 June 2003) with
2 years after the ban (01 July 2004 until 30 June 2006)
showed that hospital admissions for dimethoate and
fenthion poisoning fell by 43%. The pesticide case fatality
fell from 14.4 to 9.0% (Michael et al. 2012). Raising public
awareness about the dangers of pesticides and the use of
less toxic, equally effective alternatives were also factors
contributing to the decrease in intoxication cases. In
Tunisia, the prevention of pesticide poisoning started by
the eradication of obsolete stocks of pesticides since 2005
as a part of the African Program on Obsolete Stocks of
Pesticides (PASP-Tunisia program) (Strategic Approach
to International Chemical Management (SAICM) Re-
gional SAICM Implementation Report, 2012). This pro-
gram aimed to reinforce the capacity of Tunisian
institutions for rational management of chemicals, in gen-
eral, and pesticides, in particular.
In Tunisia, there are two anti-poison centers, one in

Tunis and the other in Sousse. The anti-poison centers
(CAP) offer prevention and teaching activities. They pro-
vide appropriate toxicological information through con-
stantly updated documentation, including the
composition of the commercial products, their toxicity
and the therapy to be implemented for each product

concerned. These centers need to be developed nation-
ally and regionally.
Globally, the International Code of Conduct on the Dis-

tribution and Use of Pesticides was enacted by the Food
and Agriculture Organization of the United Nations (World
Health Organization and Food and Agriculture
Organization of the United Nations, 2016). It attempts to
rationalize the use of pesticides and reduce the health and
environmental risks associated with them. Its stated aim is
to establish voluntary standards of conduct for all public
and private entities engaged in or associated with the distri-
bution and use of pesticides. The new version of the Code
of Conduct adapts a “life-cycle” concept to address all
stages from the development of products to the final dis-
posal of containers (World Health Organization and Food
and Agriculture Organization of the United Nations, 2016).

Conclusions
Pesticides are frequently used in agriculture and in
homes. The availability and the easy access to these
products make them a potential cause of death. Many
studies have emphasized the gravity of acute pesticide
poisoning but only few have described the findings dur-
ing autopsies. Except for the discovery of the pesticide in
the stomach content, no other signs during the autopsy
were specific of pesticide poisoning. We have to under-
line that the frequency of pesticide poisoning is underes-
timated since many cases are incorrectly labeled as
natural deaths. Hence, general practitioners and mainly
pediatricians must be more attentive and request an aut-
opsy whenever they suspect the context of intoxication.
This study shows that a large proportion of pesticide
poisoning deaths are preventable. Prevention is, on the
one side, by restricting the availability of pesticides and
on the other side by promulgating more vigorous legisla-
tion concerning the manufacturing, the marketing, and
the use of these products.
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